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The Advanced Services Group 
The Advanced Services Group (ASG) is a centre of excellence within Aston Business 
School specialising in servitization and advanced services. It delivers education, training, and 
research to help global manufacturers and technology innovators to develop services-led 
strategies. The Centre have worked with over 200 businesses, including Baxi, Domino Printing 
Sciences, Ishida, Legrand, Thales and Waters, as well as a multitude of SMES, who have 
both informed and benefited from its research. 

The University of Florence 
IBIS LAB is a research centre within the Department of Industrial Engineering 
(DIEF) at the University of Florence (UNIFI). UNIFI is one of the most ancient (its origin dates back 
to 1321) and largest (has a population of +51,000 students and +5,600 faculty staff) public Italian 
University. IBIS LAB has been established in 2008 to develop scientific research and 
industrial collaborations in the fields of maintenance engineering and digital innovation, and to 
contribute to the research initiatives of the ASAP Service Management Forum. 

The University of Brescia 
The Università degli Studi di Brescia was officially established in 1982. It counts 
on a research and teaching faculty of more than 600 among professors and research fellow 
and around 14,000 students enrolled in the eight Departments. RISE (www.rise.it) is a research 
laboratory of the Mechanical and Industrial Engineering Dept. Starting from the production of 
new ideas, strict and concrete knowledge through university research, RISE contributes to the 
innovation of processes, products and business models and helps companies to become more 
competitive. Research and transfer activities concern service and supply chain management, 
with reference to the impact of phenomena such as the digital transformation, 
servitization, and circular economy on business models, supply chain configuration and 
operations management.  



Introduction 
The Spring Servitization Conference (SSC) is dedicated to understanding how 
organisations can develop and adapt their business models through servitization 
and advances services. Since its inception, the mission of SSC has been to play a 
key role in the development of a better understanding of servitization and to demonstrate 
the potential impacts upon businesses and society. SSC continues to fulfil this mission, 
providing a major forum for researchers from across disciplines including, operations 
management,strategic management, service innovation, service marketing, and information 
systems, to constructively share and debate their findings, generate new ideas and forge 
research partnerships.

The theme for the 2022 conference was “Achieving Net-Zero Through Servitization” and 
was held in Florence, Italy (in a ‘blended mode’ comprising face-to-face and online 
sessions). Once again, we followed the now established format of a single stream 
where all contributors had the opportunity to present to the whole conference 
audience and engage in both structured and semi-structured panel sessions to discuss 
their work. The programme is designed to encourage strong participation, extensive 
debate and through keynote presentations from senior executives of leading 
manufacturing businesses, bridge research theory and industrial practice.

We would like to thank all contributors, both new and returning colleagues, reviewers, 
delegates, sponsors, and staff for the continued support and commitment and finally, this 
year we are especially pleased to collaborate with out host venue the Istituto degli 
Innocenti.
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DO MARKETS VALUE ADVANCED SERVICE DEVELOPMENT? 

Lauri Korkeamäki, Marko Kohtamäki & Mikko Ranta 

ABSTRACT  
Purpose: Markets have a proven propensity for valuing research and development (R&D) intensity of 
manufacturing firms. This paper investigates whether coupling R&D intensity with advanced services 
(ADS) yields even higher market performance effect. 
Design/Methodology/Approach: The longitudinal financial and annual report data covered a period 
from 1994 to 2020 (n = 164, N = 2 844). Panel regression (fixed effects estimator) was used to 
investigate the relationships between market performance (regressand), R&D intensity (regressor) 
and annual report-level discourse related to ADS (moderator). 
Findings: The findings confirm that markets do in fact value R&D intensity of manufacturers more if 
the manufacturer publicizes ADS. However, in alignment with extant research the direct relationship 
between market performance and ADS discourse proved to be negative and significant. 
Originality/Value: The current study shows that ADS publicizing adds to the R&D-driven market value 
of manufacturing firms. Thus, the study contributes to the literature on financial consequences of 
servitization. However, it also highlights the challenging nature of ADS strategies. 

KEYWORDS: Service innovation, Advanced services (ADS), Financial consequences of servitization, 
Research and development (R&D), Digital servitization, Market performance 

1. INTRODUCTION
Studies show that markets merit the R&D efforts of manufacturing firms (Chan, Martin & Kensinger,
1990; Ho, Keh & On, 2005). Indeed, R&D investments allow manufacturers to innovate new and
improve the existing products. However, service-enthusiastic firms (Raddats & Kowalkowski, 2014)
may also research and develop novel ways of integrating value-adding service elements to create
product-service systems (Tukker, 2015). Incidentally, another aspect that the markets seem to value
is the service business of manufacturers. For example, Fang et al. found that although services require
a certain critical mass (20–30 % of sales revenues), they contribute positively to firm value nonetheless
(2008). Servitizing companies typically progress gradually from basic (e.g., spare parts provision) to
ADS (e.g., outcome-based services; Dmitrijeva et al., 2022), latter of which have been found to be an
advantageous strategy for manufacturer profitability in many instances (Nowicki, Kumar & Steudel,
2008; Eggert et al., 2014; Patra et al., 2019; Korkeamäki, Kohtamäki & Parida, 2021).

On the flipside of that coin, manufacturers take notably higher risks by offering ADS (Josephson et 
al., 2016). Hou and Neely (2018), for example, identified 23 endogenous risk factors related to 
outcome-based services which can result in the materialization of commercial and operational risk. 
Subsequently, in their recent paper Karatzas et al. (2022) found that shareholders tend to be risk-
averse and react indifferently to announcements related to such high-risk service deals in the short 
term. Nevertheless, ADS offerings are often characterized by long-termism which also provides 
security for the manufacturers to make respective investments (Visnjic et al., 2017). Thus, instead of 
chasing quick wins, the more long-term-oriented investors may expect the manufacturer to become 
committed to hedging against the many risks associated with ADS. For example, by complementing 
condition-based maintenance with adaptive preventive maintenance AS providers can prolong service 
intervals by 5-10% on average and avoid overservicing (Öhman, Finne & Holmström, 2015). Not only 
does that contribute to their margins, but also extends the useful life of the equipment. Both long-
termism and sustainability are endemic traits of ADS that have also been shown to affect firm value 
(Woolridge & Snow, 1990; Griffin & Sun, 2013). Thus, the current paper investigates if markets value 
R&D intensity of manufacturers more when the manufacturer publicizes ADS simultaneously. 
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Based on the analysis on a sample consisting 2 844 observations of 164 US manufacturing firms we 
found significant evidence that the markets do indeed value R&D efforts of a manufacturer more if 
the firm actively publicizes ADS in their annual reports. However, our findings also indicate that above-
average ADS publicizing only becomes credible after manufacturer’s R&D intensity exceeds a 
threshold of about 20% relative to sales revenues. Thus, it seems that the markets expect that the 
manufacturers not only “talk the talk” but walk it as well. The current paper contributes to two strands 
of literature. First, it provides novel insights about the relationship between manufacturing firm value 
and R&D intensity (Ho, Keh & On, 2005). Second, it contributes to the strand of servitization literature 
that discusses the associated financial consequences (Fang et al., 2008; Neely, 2008), particularly from 
the perspective of ADS development (Baines & Lightfoot, 2014). 

2. THEORETICAL BACKGROUND AND RESEARCH DESIGN
2.1  Variables and Hypotheses
Manufacturing firms’ market values have been shown to be associated with their R&D investments
(Ho, Keh & On, 2005). Services have also been shown to add to the market value of manufacturing
firms (Fang et al., 2008). However, where announcements related to base services (e.g., spare parts
provision) contribute to abnormal stock returns in the short-term, Karatzas et al. (2022) found no
corresponding evidence related to announcements concerning ADS. We argue that knowledgeable
markets appreciate both riskiness and long-termism related to ADS offerings (Ziaee Bigdeli et al., 2018;
Fallah-Fini et al., 2012) and thus do not necessarily expect them to yield quick profits or competitive
edge. What is expected from the manufacturers providing ADS instead is commitment to research and
develop practices by which the many associated risks and challenges can be best mitigated (Baines &
Lightfoot, 2014). Based on the above discussion, we formulated three hypotheses:

H1: There is a positive relationship between R&D intensity and manufacturer firm value. 
H2: There is a negative relationship between ADS discourse and manufacturer firm value. 
H3: The ADS discourse positively moderates the relationship between R&D intensity and firm value. 

We used Tobin’s q as a proxy for firm value. Commonly known as q, it is a forward-looking market 
performance measure (Bharadwaj, Bharadwaj & Konsynski, 1999). Given that our inquiry targets 
pioneering R&D of servitizing firms, the measure seems suitable for the purposes of the study. We 

calculated q accordingly: 𝑇𝑜𝑏𝑖𝑛′𝑠 𝑞 =
𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡𝑠+𝑀𝑎𝑟𝑘𝑒𝑡 𝑉𝑎𝑙𝑢𝑒−𝐶𝑜𝑚𝑚𝑜𝑛 𝐸𝑞𝑢𝑖𝑡𝑦

𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡𝑠
 which corresponds to the

approximations of Coles, Naveen and Lalitha (2008), and Ahern and Dittmar (2012), just to name a 
few.  R&D intensity, on the other hand, is the ratio of R&D investments to sales (mean = 14.91, std. 
dev. = 79.10) whereas ADS discourse is the sum of ADS-related mentions in the annual reports (mean 
= 18.34, std. dev. = 51.31). To control for the differences in industry innovativeness, we included a 
continuous by categorical variable interaction where the continuous variable was the number of 
patents (mean = 88.27, std. dev. = 501.97) and the categorical variable was the SIC code. There was 
also a technical reason why the SIC code could not be modelled alone, namely, the fixed effects (FE) 
estimator does not allow modelling time-invariant categorical variables.  

Furthermore, because the degree of internationalization can affect firm value (Riahi-Belkaoui, 
1999), we controlled for it using the ratio of foreign sales to total sales (mean = 39.10, std. dev. = 
25.72). Next, we controlled for firm’s operational performance which was measured as return on 
assets (ROA; mean = -5.14166, std. dev. = 124.7179). Lastly, in accordance with the Schumpeterian 
hypothesis that R&D investments correlate positively with firm size (Shefer & Frenkel, 2005), we 
controlled for size as in market capitalization (mean = ~$10 900 000, std. dev. = ~$63 500 000). The 
pairwise correlations between the variables are reported in the Figure 1. Only weak correlations 
existed between the independent variables with an exception of a moderate correlation between 
patents and market cap (0.3146***). However, the variance influence factors of neither the patents 
(VIF = 4.35) or market cap (VIF = 1.60) were not alarming (e.g., VIF > 10). On a minor note, one should 
consider that the reported correlation matrix does not reflect the panel structure of the data. 
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Table 1: Correlation matrix 

Tobin’s q R&D ADS SIC Patents 
Foreign sales 
to total sales ROA 

Market 
cap 

Tobin’s q 1 

R&D 0.2436*** 1 

ADS -0.0108 -0.0048 1 

SIC 0.1135*** 0.1474*** 0.1232*** 1 

Patents -0.0091*** -0.0177 0.2411*** 0.0477** 1 

Foreign 
sales to 
total sales 

-0.1189*** -0.0974*** 0.0883*** -0.0295 0.1167*** 1 

ROA -0.6798*** -0.2136*** 0.0162 -0.1056*** 0.0203 0.0977*** 1 

Market 
cap 

0.0264 -0.0179 0.0973*** 0.0437* 0.3146*** 0.1088*** 0.023 1 

*, **, and *** indicate significance at 95%, 99%, and 99.9%, respectively. 

2.2  Data and Methods 
The data used in the current study (1994–2020) is from Eikon financial market database by Refinitiv. 
The discourse concerning ADS was extracted from the database-provided annual reports of the US 
manufacturers included in the dataset using Python. The ADS-related terms were chosen based on 
whether they were something that (1) the customers want manufacturers to do for them (Baines & 
Lightfoot, 2014) and (2) requires more complex (especially digital) capabilities from the manufacturers 
than basic services (Sousa & da Silveira, 2017). The used ADS-related terms and categories are 
displayed in the Figure 1. As demonstrated in the figure, the adoption of ADS-related terminology in 
corporate discourse has clearly been on the rise during the latest decades (note especially 
autonomous services that have surged from 2014 onwards). The firm value (as in Tobin’s q) estimate 
was based on 2 844 observations of 164 firms. To ensure that the studied firms were relevant, their 
websites were examined manually. Two firms along with 33 observations were excluded from the 
sample because their website information indicated that despite a SIC codes starting with “35” the 
firms were not manufacturers. Similar inaccuracies with database industry codes have been reported 
before by, for instance, Neely (2008). Because the data used in the current study consists of time series 
of observations from 164 firms panel regression was used as the estimation method. There are, 
however, multiple panel regression methods that differ primarily in the manner in which they use 
pooling techniques to produce estimates. First, a pooled ordinary least squares estimator pools all 
observations and thus assumes that there is no firm-specific variance, which is possible but rare. As 
expected, a Breusch-Pagan test proved that this was not the case (p-value = 0.0000). Thus, we 
proceeded to decide between FE and random (RE) estimators. FE and RE differ in that where RE uses 
partial pooling technique, the FE produces estimates for each panel separately (Gelman & Hill, 2007). 
As a firm’s market value and its drivers surely depend greatly on the firm in question, it was clear from 
the outset that the FE estimator would be the optimal choice. However, instead of assuming the 
estimation method a priori, a Hausman specification test (Hausman, 1978) was conducted to 
determine the suitable estimator. The test confirmed (p-value = 0.0000) that RE estimator was not 
consistent due to endogenous regressors. Thus, FE estimator was to be used. 
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Figure 1: Advanced service categories and keywords. 
 
3.  RESULTS 
Surprisingly, only inconclusive support for H1 (i.e. there is a positive relationship between R&D 
intensity and manufacturer firm value) was found (p-value = 0.617). In terms of H2 and H3, however, 
statistically significant and concurring evidence was found. That is, our findings confirmed that 
although the direct relationship between manufacturing firm value and ADS publicizing is negative (p-
value = 0.001), the latter positively moderates the relationship between firm value R&D intensity (p-
value = 0.018). Looking at the controls, there were 12 out of 38 SIC codes for which the interaction 
with the number of patents was positive. The effect of foreign sales to total sales ratio proved to be 
negative but statistically insignificant (p-value = 0.231). Counterintuitively, the coefficient of ROA 
revealed to be negative and significant (p-value = 0.020). Lastly, albeit small, the effect of market cap 
was positive and significant (p-value = 0.002). The fraction of variance explained by the individual term 
(rho) increased by about 1.05 percentage points when the R&D*ADS interaction was included. Also 
the within (from 0.3816 to 0.4120), between (from 0.6775 to 0.6926) and overall (from 0.4316 to 
0.4486) R2 increased when the interaction was modelled. 

To visualize the interaction we plotted the predictive margins of R&D intensity (from 0 to 100%, 
incremented by 10 percentage points) by three values of ADS: mean (18.3), mean plus one standard 
deviation (69.6), and mean plus two standard deviations (121.0). The margins were statistically 
significant (p-value < 0.05) except for the highest degree of ADS at R&D = 0%, which was marked with 
a cross. Rather interestingly, it seems that manufacturers must invest at least around 20% of their 
sales revenues in R&D in order that their above average ADS publicizing becomes credible for the 
markets. We also investigated the interaction the other way around (i.e., if R&D intensity moderates 
the negative relationship between firm value and ADS) but found that the margins were statistically 
insignificant throughout. The regression coefficients and the panel-wise clustered standard errors can 
be found in the Table 2. The linear moderation effect is successively reported in the Figure 2.  
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Table 2: Regression results 

Tobin's q Model 1 Model 2 

R&D 0.0090611 
(0.0110978) 

0.0045018 
(0.0089733) 

ADS -0 .0056901*
(0.0024337)

-0.0212965***
(0.0065528)

R&D*ADS 0.0009748**
(0.0004087)

Patents*SIC 
 

3510 (Baseline)  

(Engines & turbines) 

1.968951*** 
(0.5966299) 

1.944256*** 
(0.5814898) 

3519 
(Internal combustion engines, n.e.c.) 

-1.965494***
(0.5963210)

-1.938665***
(0.5814006)

3523 
(Farm machinery & equipment) 

-1.968851***
(0.5964987)

-1.943962***
(0.5813818)

3533 
(Oil & Gas Field Machinery & Equipment) 

-1.967224***
(0.5961307)

-1.943414***
(0.5809151)

3541 
(Machine tools, metal cutting types) 

-1.959457***
(0.5956915)

-1.915516***
(0.5825551)

3548 
(Welding apparatus) 

-1.964292***
(0.5966284)

-1.939244***
(0.5815274)

3550 
(Special industry machinery) 

-1.963421***
(0.5987119)

-1.938284***
(0.5836204)

3564 
(Blowers & fans) 

-1.964855***
(0.5944800)

-1.940902***
(0.5793926)

3568 
(Power transmission equipment, n.e.c.) 

-1.818532***
(0.6055259)

-1.791693**
(0.5904353)

3570 
(Computer & office equipment) 

-1.968719***
(0.5966168)

-1.943745***
(0.5815041)

3579 
(Office machines, n.e.c.) 

-1.965210***
(0.5964492)

-1.942852***
(0.5810829)

3585 
(Refrigeration & heating equipment) 

-1.960884***
(0.5966002)

-1.936348***

(0.5814514)

Foreign sales to total sales -0.0112081
(0.0088521)

-0.0107408
(0.0089384)

ROA -0.0223999*
(0.0096204)

-0.0220922*
(0.0093701)

Market cap 3.10e-09***
(9.32e-10)

3.00e-09**
(9.65e-10)

Constant 2.970202***
(0.3402034)

3.049143***
(0.3018217)

R2 

Within 0.3816 0.4120 

Between 0.6775 0.6926 

Overall 0.4316 0.4486 

rho (fraction of variance due to u_i) 0.6914 0.7019 

Clustered standard errors are reported in parentheses. 
*, **, and *** indicate significance at 95%, 99%, and 99.9%, respectively. 
To save space, the results of the continuous by categorical interaction (Patents*SIC) were reported 
only for the SICs for which the effect was positive. The results for the omitted SICs (26) can be 
provided upon request. 
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Figure 2: Linear moderation effect of ADS publicizing on the firm value-R&D intensity relationship 

4. DISCUSSION AND CONCLUSIONS
4.1  Theoretical Contributions
The theoretical contributions of the current study stand at a crossroads. On one hand, the study
reveals new insights regarding the relationship between R&D intensity and manufacturer market
performance (Ho, Keh & Ong, 2005). On the other hand, it adds to the literature concerning the
financial consequences of servitization, majority of which has focused on accounting-based
performance metrics such as profitability and sales growth (e.g., Neely, 2008; Kohtamäki et al., 2013;
Eggert et al., 2014; Kohtamäki et al., 2015). More specifically, the current study shows that publicizing
ADS offerings together with R&D investments increases the R&D-driven market value of
manufacturing firms. Thus, we argue that it is not R&D intensity per se that influences higher market
performance. Rather, successfully convincing the markets that the R&D investments will foster the
manufacturer’s capabilities (Huikkola & Kohtamäki, 2017; Story et al., 2017) needed to manage high-
risk but high-reward competitive strategies is key in terms of R&D-driven market performance. In the
context of this study, such competitive strategies refer to ADS offerings (Baines & Lightfoot, 2014).

ADS offerings are packed with forward-looking characteristics that modern capital markets have 
been shown to value, namely, sustainability (Griffin & Sun, 2013) and long-term orientation 
(Woolridge & Snow, 1990). Yet, possibly for the same reasons, announcements of medium- to high-
risk service deals have been shown to evoke no abnormal stock reactions in the short-term (Karatzas 
et al., 2022). Unfortunately, our findings converge by revealing that the direct relationship between 
ADS and long-term firm value is negative. Thus, more diverse empirical evidence is needed to convince 
the markets of the added value of ADS offerings. In this respect, it is paramount that the broad 
servitization community (Rabetino et al., 2018) continues to purvey the resource-consciousness 
related to industrial ADS (Randall, Nowicki & Hawkins, 2011; Szász & Seer, 2018) and explicate means 
by which the associated risks can be offset. We suggest that dedicated R&D is one such mean. 
4.2  Managerial Implications 
This study includes tangible managerial implications. Although it advocates talking publicly about ADS, 
managers in manufacturing firms should be advised that using ADS as mere rhetoric can actually have 
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an adverse effect on R&D-related market performance. ADS publicizing should rather be coupled with 
adequate level of R&D investments. In particular, our findings posit that above average ADS publicizing 
in annual reports only starts to add to the R&D-driven firm value (as measured by Tobin’s q) after the 
manufacturer invests about 20% or more of the sales revenues to R&D. Below this threshold, the 
effect of overenthusiastic ADS publicizing on R&D-related market performance may well be negative. 
These findings stress the necessity of becoming committed to the provision of ADS. Without the 
demonstrated willingness of the manufacturer to commit to and invest in the R&D related to ADS 
strategies the markets can find it difficult to buy in to the added value of the risky service strategy 
(Karatzas et al., 2022). 

This raises the question: what are the key targets for R&D investments regarding ADS provision? 
Fortunately, there is a dedicated stream of literature focused on the requirements of successful ADS 
deliveries (Schaefers, Ruffer & Böhm, 2021). In terms of technical assets, the manufacturers’ success 
in ADS provisioning has been argued to depend on information and communication technology 
(Baines & Lightfoot, 2014), spare parts inventory management (Nowicki, Kumar & Steudel, 2008), 
solution modularization (Korkeamäki, Kohtamäki & Parida, 2021) and component reliability (Selçuk & 
Ağralı, 2013). On the softer side of things, relational features such as service orientation (Gebauer, 
Edvardsson & Bjurko, 2010) and legitimacy management (Korkeamäki & Kohtamäki, 2020) have been 
emphasized as means to build and sustain arms-length ADS relationships. 
4.3  Limitations and Suggestions for Future Research 
Like all research, the current one has its limitations too. The study contrasts others that use 
accounting-based financial performance measures as dependent variables. Market performance 
measures such as Tobin’s q overcome some inherent weaknesses of the commonly used accounting-
based measures. For example, profit ratios typically reflect past performance and they can be 
manipulated by creative accounting. Market-based measures, by contrast, incorporate ex ante 
valuations of future risks and profits among other things (Bharadwaj, Bharadwaj & Konsynski, 1999). 
On the other hand, alike profit ratios, market performance measures may also be susceptible to 
manipulation as firms can, at least to some degree, choose what information to disclose with the 
markets and how to present it (Gentry & Shen, 2010). Nonetheless, given the finding that too eager 
ADS publicizing without corresponding R&D intensity did not lead to higher R&D-driven market value, 
it can be argued that also the markets possess a healthy level of source criticism. However, our 
approximation of firm value is only one of many ways to measure it. For example, economic value 
added (EVA) measures the true economic profit made by a firm (Fabozzi, 2003). Moreover, market 
value added (MVA) measures the created shareholder wealth (Lee & Kwon, 2019) as the difference 
between market value and the invested capital. Thus, future research could replicate our tests using 
firm value measures other than Tobin’s q. 

Furthermore, we measured ADS categories displayed in Figure 1 aggregately as the sum of the 
terms across all categories. Such bundling is aligned with the equifinality argument associated with 
servitization-related performance outcomes (i.e., different configurations can lead to similar 
outcomes; Forkmann et al., 2017). Nevertheless, future research could investigate what kind of effect 
differences and convergence there is in between the categories. Techniques such as confirmatory 
factor analysis (CFA) and principal component analysis (PCA) may prove useful in this effort depending 
on whether one wishes to treat ADS as a latent variable or weigh certain ADS categories more than 
others, respectively. Finally, it should be mentioned that the list of the ADS-related terms used in the 
current study does not by any means intend to be exhaustive. Rather, it is based on the researchers’ 
experience, readings and interpretation of what passes as an ADS offering. 
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ABSTRACT  
Purpose: This study aims to better understand from an organizational perspective the transformation 
process involved in a manufacturing company’s transition toward servitization.  
Design/Methodology/Approach: This study explores a sequential approach based on: i) the 
managements’ ability to identify the organizational barriers manufacturing firms face when 
transitioning to servitization, and ii) the development of organizational and commercial innovations 
as key enablers in sustaining a servitization strategy over time. Using an unbalanced panel data set 
(from 2009 to 2017), this study explores the innovation behavior of 6,719 manufacturing companies 
in the Basque Autonomous Community in Spain. 
Findings: We were able to confirm that managerial awareness of organizational barriers correlates 
positively with a firm’s transitioning towards servitization. Similarly, results confirm the 
complementary effects of organizational and commercial innovation on a firm’s capacity to 
consolidate a servitization strategy over time. 
Originality/Value: This study contributes to the understanding and management of the 
transformation processes that manufacturing companies must undergo in order to successfully 
compete through services rather than through products alone. 

 
 

KEYWORDS: Servitization, manufacturing firms, organizational barriers, innovation 
 

1.  INTRODUCTION 
The term “servitization” has emerged over the last three decades in the domains of practitioners and 
academia (Barnett et al., 2013; Leoni and Aria, 2021). However, literature agree that further empirical 
research on organizational transformation needs to be conducted to overcome the traditional goods-
dominant logic and develop servitization strategies (Baines et al., 2020; Adrodegari and Saccani, 2020; 
Huikkola et al., 2020). 
This study therefore aims to better understand from an organizational perspective the transformation 
process involved in a manufacturing company’s transition toward servitization. Specifically, this study 
explores a sequential approach based on: i) the managerial ability to identify the organizational 
barriers manufacturing firms face in their transition towards servitization, and ii) the importance of 
organizational upgrading in terms of organizational and commercial innovations as the key enablers 
in sustaining a servitization strategy over time. 
Using an unbalanced panel data set, this research examines the innovation behavior of manufacturing 
companies in the Basque Autonomous Community in Spain during the period 2009 to 2017. The 
contributions of our study are three-fold. First, it sheds light on the organizational transformation 
manufacturing companies must undergo in order to servitize. Second, it highlights the importance of 
the manager’s ability to identify organizational barriers in  developing and advancing servitization 
strategies. Third, it contributes to the literature on servitization by exploring the complementary 
effects of organizational and commercial innovation on a firm’s ability to consolidate a servitization 
strategy (Baines et al., 2020; Huikkola et al., 2020).  
 
2.  THEORETICAL FRAMEWORK  
 
2.1. Managerial awareness of organizational barriers in the transition toward servitization 
The literature has tested the impact of servitization on firm performance (Crozet and Milet, 2017; 
Szász et al., 2017, Queiroz et al., 2020) as well as the moderating role of costs generated by the 
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expansion of service capacity (Fang et al., 2008; Kohtamäki et al., 2013; Kwak and Kim, 2016; Szász et 
al., 2017). In this line, Rondi et al. (2021) claim that profitable servitization is achieved by fostering 
customer retention, customer loyalty, brand reputation, and cost efficiency.  
In this regard, managers need to be aware of the different types of innovation management costs 
when adopting servitization strategies. First, it is important to consider the costs involved in improving 
communication, information processing, and decision-making (Alghisi and Saccani, 2015; Raddats et 
al., 2019) as well as in the implementation of digital technologies (Baines and Lightfoot, 2013). Second, 
with a view to coordinating multiple internal capabilities, firms must foresee the costs involved in 
adapting different aspects of the organization such as the corporate structure, organizational culture, 
human resources, and monitoring systems (Gebauer et al., 2010), thereby supporting the emergence 
of a “solution business model framework” (Storbacka, 2011). Third, managers must evaluate the 
knowledge transfer costs associated with integrating service-specific resources, organizational 
capabilities, and physical structures and facilities (Mathieu, 2001; Salonen and Jaakkola, 2015).  
Thus, the following hypothesis can be derived: 
H1:  Managerial awareness of organizational barriers is significantly (positively) associated with a 
manufacturing firm’s transition toward servitization  

2.2. The role of organizational innovation in the servitization strategy 
Organizational innovation refers to new ways of introducing and organizing management systems for 
production, such as supply chain management systems, business re -engineering, lean production, and 
quality-management systems (Nonaka, 1994; Lam, 2005; Asheim and Coenen, 2005). Also related to 
the above is the redistribution of work or rearrangement of responsibilities that may entail 
decentralization, job enrichment, teamwork, cross-functional teams, or remote working. 
Furthermore, companies must adapt their traditional organizational culture based on the tangibility 
of goods to one that integrates services based on customer-centered objectives, norms, and beliefs 
(Wise and Baumgartner, 1999; Homburg, Fassnacht and Guenther, 2003; Gebauer and Fleisch, 2007).  
Additionally, organizational innovation improves the ability of a firm in terms of intelligence and 
creativity (Glynn, 1996; Woodman et al., 1993) by improving its capacity to learn more effectively and 
to create new knowledge (Nonaka, 1994), which, in turn, fosters the development of a sustainable 
servitization strategy over time. In fact, organizational innovation is often seen as a prerequisite for 
organizational learning, as it can boost a company’s ability to acquire, create, and manage the 
competencies, skills, and knowledge required to overcome the goods-centric approach (Santamaría, 
Nieto, and Miles, 2012). Moreover, the use of knowledge management systems in organizations 
(Hamel, 1990; Grant, 1996) seems to improve key competitive priorities in servitized firms (i.e., 
flexibility, adaptability, competitive advantage, and organizational performance).  
Therefore, the firm’s engagement in organizational innovation is expected to have a synergetic impact 
on service innovation. 
H2: Organizational innovation has a greater positive impact on servitized manufacturing firms than on 
non-servitized manufacturing firms. 

2.3. The role of commercial innovation in the servitization strategy 
Commercial innovation refers to how a firm develops its capabilities to deal with market competition 
by using new forms of communication to present innovation and new channels of distribution to 
customers (Gupta et al., 2016). According to Bustinza et al., (2015), servitization offers the opportunity 
to generate a sustainable competitive advantage, allowing greater differentiation through customer 
satisfaction, which strengthens relationships with clients and promotes their loyalty (Brax, 2005; 
Gebauer et al., 2010; Johnstone et al., 2009; Leroi-Werelds, 2019). Thus, service innovation depends 
on a comprehensive commercial orientation toward a customer-centric approach, and commercial 
innovations represent a great opportunity for manufacturing firms to fulfil this requirement. 
To attract new customers, manufacturing firms should support new ways or channels for promoting 
their services (i.e., “consultative” selling) (Sheth and Sharma, 2008). Particularly, the emergence of 
new sales models can facilitate the development of a servitization strategy (Kumar et al., 2007) by 
fostering “value-based selling” as an integral part of solutions. In the same vein, Ulaga and Loveland 
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(2014) highlighted the different roles that salespeople must play and the need for new sales 
proficiency to help create “service-savvy” personnel. 
Therefore, a firm’s engagement in commercial innovation is expected to have a synergetic effect on 
the creation of service innovation. 
H3: Commercial innovation has a greater positive impact on servitized manufacturing firms than on 
non-servitized manufacturing firms.. 

3. DATA & METHODS
3.1  Sample and data collection
The data comes from the Technological Innovation Survey (TIS) compiled by the Basque statistics
agency (EUSTAT). Annually, this survey collects information on activities, employees, funding sources,
and other innovation-related business aspects of the Basque region. The sample includes an
unbalanced panel of 6,719 companies with expenditure on R&D, covering the period 2009–2017.

3.2 Variables  
Dependent variables. The TIS survey makes it possible to distinguish whether a firm is involved in 
product or service innovation. Thus, three representative binary indicators of the innovation strategy 
of manufacturing companies were constructed: a) Non-servitized strategy: “1” if, during the period 
from “t-2” to “t”, the firm introduced a new goods’ innovation or significantly improved an existing 
one, but did not introduce any new or significantly improved innovation in services; and is otherwise 
given a value of “0”; b) Servitized strategy: “1” if, during the period from “t-2” to “t”, the firm 
introduced a new or significantly improved goods’ innovation and also introduced a new or 
significantly improved innovation in services; and is otherwise given a value of “0”, and c) transition 
servitized strategy: “1” if, during the period from “t-2” to “t”, the firm had previously only 
implemented innovation in goods, but had introduced innovations in both goods and services in the 
current period;  and is otherwise given a value of “0”. 
Independent variables. In this study, different explanatory variables were considered to affect the 
ability of manufacturing firms’ to develop servitization strategies: a) organizational barriers: “1” if the 
top management was aware of innovation management barriers (i.e., innovation costs that are too 
high) during the development process of new goods or services; and a value of “0” otherwise. This 
variable is used to test hypothesis 1; b) organizational innovation: “1” if the firm implemented any of 
the following innovation features: new practices/procedures in the organization, new methods of 
workplace organization, or new forms of internal and external management; and a value of “0” 
otherwise. This variable is used to test hypothesis 2; and c) commercial innovation: “1” if the firm 
introduced any of the following innovation features: design modifications, new 
promotion/distribution techniques, positioning or pricing methods; if none of the above were 
implemented, it has a value of “0”. This variable is used to test hypothesis 3.  
Control variables. The following control variables were used: a) consultancy support (binary, “1” if the 
firm used the support of experts and consultants, and a value of “0” otherwise ); b) economic risk: “1” 
if the firm recognized economic difficulties that impacted its innovation activity, and a value of “0” 
otherwise; c) funding sources: “1” if the firm recognized a lack of appropriate funding sources for its 
innovation activity, and “0” otherwise; d) size: logarithm of the number of employees in the 
observation period “t”.; e) export propensity: the ratio of total exports to total sales (expressed in 
logarithms); f) R&D intensity: logarithms of firm’s R&D expenditure divided by its total sales; and g) 
crisis: a dummy variable with a value of “1” for the recession years 2009 to 2013, and a value of “0” 
otherwise. Sectors. To account for the different propensities to innovate across industrial activities, 
we used dummy variables for the sectors based on two-digit NACE codes. 
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3.2 Empirical strategy  
The bivariate probit model used has the following specification:. 

Zi1 = β´1 Xi1 + εi1; if γi1 = 1 if Zi1 >0, γi1= 0 if Zi1 ≤0, 

Zi2 = β´2 Xi2 + εi2; if γi1 = 1 if Zi1 >0, γi2= 0 if Zi2 ≤0, 

(εi1, εi2) ≈ N (0, 0, 1, 1, ρ) 

4. RESULTS
Table 2 presents the results of the first analysis. Model 1 confirms that managerial awareness of
organizational barriers is an important aspect in the transition of manufacturing firms toward
servitization. In particular, we found that the identification of organizational barriers is more
pronounced in manufacturing firms that change their pattern of innovation toward service innovation
than in non-servitized firms (that are reliant on a goods-only innovation pattern).
Model 1 also highlights the positive impact of commercial and organizational innovation on the ability
of manufacturing firms to decide to opt for servitization. However, the “Funding sources” indicator
was found to have no significant influence on the firms’ ability to launch a new service on the market.
Regarding the “Economic risk” indicator, a negative but barely significant level was found; moreover,
the existence of an uncertain economic environment could stall a servitization strategy that requires
financial investment and upgrading of resources. Here, investment in R&D is seen as a positive and
highly significant indicator. Moreover, even when the indicator was negative, the temporary periods
of crisis – consistent with the low economic risk indicator – do not seem to have a significant impact
on the innovative behavior of companies.
To corroborate the results obtained in Model 1, Model 2 proposed a comparison of the different
indicators between servitized firms (goods and service innovators) and companies in transition toward
servitization (recent service innovators).
Table 2: Regression results

Model 1 Model 2 

Non-
servitised 
strategy 

Transition 
servitised 
strategy Servitised strategy 

Transition 
servitised 
strategy 

Cons 0,330 -1,667 *** -0,152 *** -1,894 ***

0,226 0,397 0,265 0,464

Organizational barriers -0,157 ** 0,375 ** 0,142 * 0,366 **

0,057 0,119 0,068 0,129

Organizational innovation -0,323 *** 0,295 * 0,568 *** 0,314 **

0,060 0,123 0,069 0,119

Commercial innovation 0,000 0,354 ** 0,540 *** 0,398 ***

0,070 0,126 0,077 0,121

Economic risk  0,129 † -0,310 * -0,068 -0,286 †

0,072 0,142 0,089 0,153

Funding sources 0,028 -0,198 † 0,045 -0,169

0,059 0,116 0,070 0,126

Size 0,056 * 0,051 0,120 *** 0,072 †

0,025 0,043 0,029 0,042

Exports propensity 0,083 *** -0,050 -0,026 -0,041
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0,020 0,039 0,022 0,051 

R&D intensity 0,032 0,140 *** 0,157 *** 0,140 ** 

0,021 0,043 0,027 0,049 

Crisis -0,091 † -0,073 0,027 -0,049

0,054 0,104 0,065 0,108

Sector yes Yes yes Yes 

Obs. 701 701 

Wald chi2 8223,48 8534,01 

Log pseudolikelihood -568,79 -579,46

Prob>chi2 0 0 

† p<0,1 * p<0,05, ** p<0,01, *** p<0,001 

Table 3 shows the results of the second analysis. Accordingly, H2, which states that organizational 
innovation has a greater impact on servitized manufacturing firms than on non-servitized ones, is 
supported. In particular, we found that organizational innovation has a positive and highly significant 
impact on a manufacturing firm’s ability to consolidate its servitization strategy. However, as 
expected, when looking at non-servitized firms, the impact was negative.  
Similarly, we found positive evidence supporting H3: “Commercial innovation has a greater impact on 
servitized manufacturing firms than on non-servitized manufacturing firms.”  

Table 3: Regression results 

Model 1 Model 2 

Non-
servitised 

strategy 
Servitised 

strategy  

Non-
servitised 

strategy 
Servitised 

strategy) 

Cons 0,771 * -1,269 *** 0,895 * -1,424 ***

0,393 0,373 0,409 0,394

Organizational barriers -0,163 † 0,204 *

0,084 0,094

Organizational innovation  -0,243 ** 0,535 *** -0,240 ** 0,538 ***

0,090 0,109 0,090 0,108

Commercial innovation -0,228 * 0,366 *** -0,220 * 0,358 ***

0,100 0,110 0,100 0,109

Consultancy support -0,299 ** 0,347 *** -0,277 ** 0,326 ***

0,095 0,096 0,095 0,096

Economic risk  -0,007 0,019

0,112 0,116

Size -0,029 0,141 *** -0,042 0,155 ***

0,040 0,044 0,041 0,044

Exports propensity 0,051 † -0,008 0,057 † -0,017

0,029 0,031 0,030 0,031

R&D intensity 0,020 0,140 *** 0,018 0,145 ***

0,036 0,041 0,035 0,041

Crisis -0,026 -0,065 -0,013 -0,091

0,080 0,085 0,080 0,085

Sector  Yes Yes yes yes 

Obs. 1051 1051 

Wald chi2 

Log pseudolikelihood -930,25 -927,57
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Prob>chi2 0 0 

† p<0,1 * p<0,05, ** p<0,01, *** p<0,001

In general, our findings corroborate the need for organizational transformation in manufacturing firms 
when implementing servitization strategies. First, we proved that managerial awareness of 
organizational barriers is essential in the transition of manufacturing firms towards servitization. 
Second, our previous analysis supports the managerial orchestration of a holistic innovation strategy 
in order to exploit the synergetic effect of non-technological innovations (organizational and 
commercial) and the development of new services over time. 

5. CONCLUSIONS
Servitization has become an essential element in the competitiveness of manufacturing firms. In this
sense, firms’ innovation efforts are no longer solely focused on developing and improving their supply
of goods, but rather on innovating the supply of services associated with these goods. Recent
literature calls for the need for further empirical research on organizational transformation in order
to overcome the traditional goods-dominant logic and develop servitization strategies (Kowalkowski
et al., 2017; Zhao et al., 2017, Baines et al., 2020; Adrodegari and Saccani, 2020; Huikkola et al., 2020).
Therefore, this study aims to better understand from an organizational perspective the transformation
process manufacturing companies undergo in the transition to servitization. The contributions of our
study are three-fold. First, it sheds light on the organizational transformation manufacturing
companies need in order to servitize. Second, it highlights the importance of management being able
to identify organizational barriers in a firm’s ability to develop and advance on servitization strategies.
Third, it contributes to the literature on servitization by exploring the complementary effects of
organizational and commercial innovation on a firm’s ability to consolidate a se rvitization strategy
(Baines et al., 2020; Huikkola et al., 2020).
According to our results, and in order to overcome the traditional goods-centric approach used by
manufacturing companies, managers need to lead a non-technological organizational transformation
with an integrated approach to services based on customer-centric objectives, norms, and beliefs. The
success of this transformation will depend on the managerial commitment to supporting the
organizational and commercial innovation that a customer-centric approach requires.
At the meso level, this study has important implications for regional socioeconomic development.
More specifically, with the rise of Industry 4.0, manufacturing companies are moving toward services
as a way of reinforcing their competitive positioning (Struyf et al., 2021). In order to support firms in
this endeavor, policy-makers are required to include the role of non-technological innovation in their
scientific and technological agendas so that companies can improve the value and solutions they offer
their customers (Leroi-Werelds, 2019).
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ABSTRACT  
Purpose: This study investigates how customer value is proposed in the product as a service business 
models, that implement the principles of the circular economy. More specifically, the purpose of this 
study is to identify and characterize the manageable components of customer value propositions 
(CVPs) that reflect a company’s strategic value creation in circular service business models. 
Design/Methodology/Approach: This paper adopts the deconstruction approach to systematically 
decompose the concept of CVPs in the product as a service model. To demonstrate the deconstruction 
of CVPs, a qualitative multiple case study is conducted in the context of the textile industry. 
Findings: A framework for a deconstruction tool for proposing customer value in the product as a 
service model is suggested. A description of the elements of use, core of value points, elements of 
service, and core of customer value trade-off is presented as a result of the empirical study. 
Originality/Value: This paper integrates frameworks from the circular service business models and 
CVP literature and contributes to the theoretical conceptualization of customer value and implications 
of servitization in the context of circularity.  

 
 
KEYWORDS: Circular service business models, Customer value, Value propositions, Textile industry, 
Case study 
 
1.  INTRODUCTION  
Moving towards the circular economy is widely recognized to tackle many sustainability challenges 
such the climate change, and bring environmental, social, and financial benefits. A circular economy 
is a systems-level approach that focuses on replacing the linear concepts with reducing, reusing, 
recycling, and recovering materials (Kirchherr et al., 2017). Despite the noted benefits, it is presented 
that currently, the world economy is only 8.6 percent circular. In fact, the global “circularity gap” is 
continuously widening instead of narrowing down, consequently offering room for change. (Circularity 
Gap Report, 2022.) 

From the companies` perspective, new approaches to business models are required to implement 
circular economy principles, including innovations in service offerings, concepts, and channels 
(Lewandowski, 2016). Offering products as a service instead of concentrating on ownership is a way 
to implement circularity in business models and focus on the longer lifecycle of products, efficient 
resource use, and recycling. In the product as a service -model, the product is made as material- and 
cost-efficient as possible while creating environmentally and socially sustainable service offerings. 
(Tukker, 2015.)  

Understanding customer value is pivotal in innovating and implementing circular business models 
that appeal attractive to customers (Bocken et al., 2013; Rintamäki & Saarijärvi, 2021). However, even 
though the product as a service model can significantly promote sustainability when accepted and 
exploited by customers, there is currently a severe lack of research on the customer value topic in this 
context. In this study, we adopt frameworks from the customer value proposition (CVP) literature to 
address this critical gap. CVPs are pivotal business model elements and representatives of the 
customer perspective that offer both strategic and operational guidance for companies (Payne et al., 
2017; Rintamäki & Saarijärvi, 2021). CVPs act as key mechanisms in enabling communication between 
companies and customers (Payne et al., 2017). 

The purpose of this study is to investigate how customer value is proposed in the circular product 
as a service business models. To explore and analyze the topic, we deploy the deconstruction 
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technique (e.g. Payne & Frow, 2012). We build a concrete deconstruction tool for CVPs of the product 
as a service model, that guides in decomposing the CVPs into manageable components. To 
demonstrate the deconstruction of CVPs, our study offers insights into the customer perspective of 
the product as a service model from the textile domain, which is an industry with significant 
environmental impacts (Niinimäki et al., 2020).  

 
2.  THEORETICAL BACKGROUND 
2.1  Circular product as a service-models 
Substituting owning of products by services and incorporating service elements such as logistics or 
maintenance is one of the mechanisms of realizing circular economy principles in business models 
(Geissdoerfer et al., 2020). The circular product as a service model enables the closing of the material 
loop, as the products do not stay in the possession of customers after usage. The customers are not 
seen as owners, but instead as users, and the value of products is represented by the number of 
functional units that they can provide in the lifecycle. (Urbinati et al., 2017.) The circular product as a 
service business model typically offers access to a solution through leasing, hiring, or renting a 
product. The model applies the principles of sharing and collaborative economy, in which the usage 
level of products is increased as the products are shared among a group of actors (Belk, 2014). These 
models are often offered through a platform, allowing maximization of utilization. Bocken et al. (2014) 
present service-based circular business models as a “deliver functionality, rather than ownership” -
archetype. In this archetype, the focus is shifted on offering purely based on services and delivering 
functionality on a pay-per-use basis. The customer experience is emphasized in this archetype, as the 
customer experience is a pivotal concept in the service offering and value proposition. Product Service 
Systems (PSS) presented by e.g. Tukker (2015) and servitization are key literature streams forming the 
frame of reference to the archetype. The PSS literature discusses the concept of integration of 
products and services, that aim toward mutual value-creation among the actors (Tukker, 2015). In the 
PSS framework, the product as a service model is included in the use-oriented category of service 
models, in which the focus is placed on the use of products without the perspective of a permanent 
transfer of ownership to the customer (Tukker, 2015).  

To address another approach to the product as a service model deriving from the circular economy 
literature, the product as a service model can be seen as a form of reuse. Reuse is one of the main 
principles of circular economy, alongside recycling and reduction (Geissdoerfer et al., 2018). The 
product as a service model incorporates elements of direct reuse, as there is only minimal recovery 
executed to the product in between the uses, instead of heavily operating the product by e.g. 
remanufacturing (Lüdeke-Freund et al., 2019). The direct reuse models typically engage intermediate 
actors in the value chain that take part in the value proposition process in addition to the company 
and the customers (Lüdeke-Freund et al., 2019). These actors can facilitate direct reuse by adding 
service elements that are not executed directly by the company that offers the product as a service 
model; for example, delivery, reverse logistics or take-back processes, and product validation (Yrjölä 
et al., 2021). This way, the product as a service model capture one of the key characteristics of circular 
business models: the interdependency of value chain actors and stakeholders (Antikainen & Valkokari, 
2016). 
 
2.2  Customer value propositions 
Customer value propositions (CVPs) are reflectors of a companies’ strategic value creation (Payne et 
al., 2017), that capture multidimensional customer value (Zeithaml et al., 2020). CVPs are tools for 
articulating the superior benefits of a company’s offering (Rintamäki et al., 2007), that are enabled by 
identifying the resonation of the offering with the customers’ specific needs and problems (Anderson 
et al., 2007; Payne et al., 2017). One of the widely adopted definitions of customer value implies that 
the customer’s assessment of the benefits compared to sacrifices is the key mechanism of customer 
value formation (Zeithaml, 1988). Accordingly, Rintamäki et al. (2007) propose that effective CVPs 
increase the perceived benefits and simultaneously decrease the perceived sacrifices. Anderson et al. 
(2007) present the concept of value points that highlight the points of difference or points of parity 

20



Petänen, Heikkilä & Antikainen 
 

Proceedings of the Spring Servitization Conference (SSC2022) 

that are embedded in the CVPs. According to Anderson et al. (2007), CVPs can be constructed by 
articulating either all the benefits that the company offers, by focusing on the differentiating factors 
compared to the competitors, or by emphasizing only the points of difference or points of parity that 
are of the most important to the target customer. The points of parity are referred to as similar 
features to other offerings in the market, whereas the points of difference demonstrate unique 
elements of the CVP, that accelerates the differentiation of the offering compared to other market 
actors (Anderson et al., 2007).  

Previous studies have shown that CVPs in the circular economy tend to incorporate comparisons to 
the linear models (Ranta et al., 2020). This notion is demonstrated in the context of textiles by e.g. 
Fisher et al. (2008), suggesting that customers tend to assess the circular offerings using conventional 
criteria, that are based on traditional, linear models. Therefore, we suggest that product as a service 
CVPs tend to highlight points of difference that demonstrate the superior benefits of the circular 
models compared to the traditional, linear models. Here, we discuss the points of difference especially 
from this perspective, rather than discussing the comparisons of competing circular actors. 
Furthermore, recent studies demonstrate, that circular CVPs tend to implement value-in-use, which 
highlights value co-creation and shared value (Bocken et al., 2013; Eggert et al., 2018; Ranta et al., 
2020). The concept of value-in-use is further highlighted in the context of use-oriented circular service 
models, such as the product as a service model (Tukker, 2015).   
 
2.3 Framework for the study: a deconstruction tool for CVPs 
In this paper, we adopt the deconstruction approach to providing a tool for building and analyzing the 
CVPs of the circular product as a service model (Figure 1). The practice of deconstruction in the context 
of value propositions involves critically and systematically decomposing socially constructed concepts 
(Payne & Frow, 2012). Deconstruction as a mechanism can guide managerial decision-making in 
companies, as the value propositions are taken into manageable components (Lindic & Marques da 
Silva, 2011), which increase understanding of the elements of a superior offering (Payne & Frow, 
2012).  
 

 
Figure 1. A deconstruction tool for CVPs of the circular product as a service models.  
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We used the theoretical frameworks from the circular service business model and CVP literature for 
structuring the deconstruction process. First, the tool comprises of deconstruction of the use-
orientation of the product as a service model by decomposing elements of use. These elements 
include pre-use, which incorporates preparative components prior to the actual use of products. 
Further, the usage element that highlights value-in-use facets is included, similarly to post-use, which 
comprises factors that carry on after the usage of the products. Furthermore, reuse and recycling of 
the product are included in the tool as focal elements of the circular product as a service model 
representing factors between and after use cycles. Second, the model is decomposed into focal 
products offered to the customer and as services, that are embedded in each element of use. Next, 
the CVP is deconstructed by characterizing the key focus of the value points, that further define the 
dimensions of the CVP. This incorporates determining the points of parity and points of difference that 
reflect the similarities and differences of the model in comparison to the linear models in the use-
oriented context. Finally, the CVP is deconstructed from the trade-off perspective to customer value, 
incorporating decreasing sacrifices and increasing benefits.  
 
3.  METHODOLOGY 
3.1  Research approach 
We adopted a qualitative, multiple-case-study approach to examine CVPs of the product as a service 
model and to demonstrate the CVP deconstruction tool. The case study research approach enabled 
us to create theoretical propositions from case-based empirical evidence (Eisenhardt & Graebner, 
2007).  We investigated seven cases that are represented by companies from the textile industry. We 
followed purposive sampling in the case selection, which allows the analytical generalization of the 
case study (Yin, 2018). According to the purposive sampling approach, the cases were selected based 
on predetermined criteria. The requirements for selecting the case companies included an established 
product as a service business model in the selected domain, and positive expectations about the data 
richness and content (Flyvbjerg, 2006).  

As we examined the CVPs of diverse companies and offerings in both B2C and B2B settings, we were 
able to build a comprehensive view of deconstructing CVPs in the product as a service model. The case 
study approach is suitable for this kind of setting, as the selected cases represent diverse contexts of 
the addressed phenomenon (Eisenhardt & Graebner, 2007; Yin, 2018). Further, the case study was 
selected as an approach as the research aims to investigate customer value that is interacted between 
the actors (Zeithaml et al., 2020). 

 
3.2 Data collection and analysis 
To investigate the CVPs of the product as a service model, we collected research data from multiple 
sources. This allowed us to strengthen the case study evidence (Yin, 2018). As presented in Table 1, 
we conducted company interviews and workshops.  In the workshops, the company representatives 
were included as active participants of the data production (Ørngreen & Levinsen, 2017). The 
individual and group interviews allowed us to collect the subjective views of the companies about 
proposing customer value in the product as a service model. The interviews were conducted in a semi-
structured format, and an interview protocol guiding the themes to be discussed was followed 
(Saldaña, 2011). 

The data analysis adopted the qualitative content analysis method (Kohlbacher, 2006), and the 
techniques of coding and theming the data were used (Saldaña, 2011). We conducted several rounds 
of analysis, starting from recognizing patterns within the cases and continuing with a cross-case 
analysis across (Eisenhardt & Graebner, 2007). The data analysis process combined with the 
frameworks presented in prior literature allowed us to establish and validate the CVP deconstruction 
tool in the context of textiles.  
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Table 1. Overview of the cases and data sources 

Case 
company 

Examined 
offering 

Company 
position  

Data sources Participant titles 

A Casual wear as a 
service (B2C) 

Product brand 
owner 

1 company workshop 
(240 min, n=2) 
1 company interview 
(90 min, n=2) 

CEO 
Business development 
manager 

B Workwear as a 
service (B2B) 

Product brand 
owner 

1 company workshop 
(240 min, n=2) 
1 company interview 
(90 min, n=2) 

Vice President, 
sustainability 
Business development 
manager 

C  Casual wear as a 
service (B2C) 

Distributor/ 
retailer 

1 company workshop 
(240 min, n=1) 

CEO 

D  Interior textiles 
as a service 
(B2B) 

Product brand 
owner 

1 company interview 
(60 min, n=1)  

Vice President, 
sustainability 

E  Children`s wear 
as a service 
(B2C) 

Product brand 
owner 

1 company interview 
(60 min, n=1) 

Communications 
manager 

F  Casual wear as a 
service (B2C) 

Distributor/ 
retailer 

1 company interview 
(60 min, n=2)  

CEO 
Business director 

G  Casual wear as a 
service (B2C) 

Product brand 
owner 

1 company interview 
(60 min, n=1) 

Business development 
manager 

 
4.  FINDINGS AND DISCUSSION 
The findings of our empirical study are presented in Table 2, which describes a detailed content of the 
elements of the CVP deconstruction tool in the context of the textile industry. 
 

Table 2. Deconstruction of the CVPs of the product as a service model in the textile industry 

Elements 

of use 

Core of value 
points  

Elements of service Core of trade-off 
(benefits-sacrifices) 

Reuse Access 
(temporarity) 

Sharing: enabling shared access to 
products 

Accessibility –  
Ownership  

Renewal: washing, repairing, or 
remodeling textiles in between uses 

Risk reduction –  
Distrust 

Pre-use  Product 
(selection) 

Consultancy: personalized or 
standardized guidance for selecting 
products 

Optimization – 
Incompatibility 

Delivery: pick-up or logistics service  Convenience –
Anticipation 

Use Usage  
(value-in-use) 

Usage: enabling product use Expression/Utility –
Insecurity 

Support: e.g. product guidance or 
complaints 

Assurance –  
Effort 

Post-use Process 
(circularity) 

Take-back: product return or logistics 
service  

Convenience –
Detachment 

Product validation: inspection and 
documentation of products 

Verification –  
Privacy 

Lifecycle optimization: 
environmentally optimal 
arrangements, e.g. recycling 

Environmental 
sustainability –  
Negative impact 
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The aspect of accessibility tends to be emphasized in connection to the reuse element of the CVP in 
our empirical study. Further, the perspective of temporality is deeply interlinked to the nature of 
reuse, as the customer gains temporal access to the products instead of permanent ownership. This 
aspect of trade-off is embedded in the CVP. The model is based on the sharing economy (e.g. Belk 
2014), thus sharing as a mechanism of access to products is decomposed as one of the elements of 
service. Additionally, reuse includes a service element of renewal, as the textiles need to be washed, 
repaired, or remodeled in between uses and in transferring the products from one customer to 
another. Here, the core of the trade-off between the benefits and sacrifices tends to highlight the 
reduction of risk in terms of the condition of the products and decrease the aspects that are related 
to distrust of the quality of the renewal process. The facet of distrust tends to embed especially 
concerns about the hygiene of the textiles, which is derived from the initial idea of sharing the 
products with other customers.  

For the pre-use element, the value points of the CVP focus on the products and the selection that 
is offered to the customers. This element highlights the preparation for the actual usage of products. 
Here, the service elements include consultancy and delivery. The consultancy element enables an 
optimization of the selected products to the specific needs of the customer. This can be implemented 
in a personalized manner, that includes e.g. personal contacts with the customer and fitting, or in a 
standardized way, that includes e.g. pre-selected product recommendations or bundled product 
packages for various usage situations. The incompatibility of the product selection to the customer 
needs tends to emerge here as the sacrifice aspect of the CVP trade-off. The service element of 
delivery includes pick-up of the products from a service point or logistics service, typically 
implemented by an intermediate actor. The CVPs tend to highlight the benefits related to the 
convenience of this service element. In addition to the benefits that are embedded in the utilitarian 
ease of delivery, social convenience, such as communality is included here, especially in the pick-up 
model in the B2C setting, in which social interaction is implemented. However, in comparison to the 
traditional models that are based on buying the products and on ownership, the product as a service 
model requires more instances of delivery, as typically the product leasing or renting are repetitive in 
nature and not single-use-based. This applies especially to the models that apply the subscription 
scheme. Thus, the model requires more anticipation and planning than the traditional models.  

The use element highlights the aspect of value-in-use, which can be described as the focal 
component of the product as a service model, similarly to circular business models in general (e.g. 
Bocken et al., 2013). Here, enabling the usage of the products is highlighted, embedding the value co-
creation and shared value (e.g. Eggert et al., 2018), and thus, drawing an evident connection to the 
access and sharing elements of the CVP of the model. Meeting the customer requirements for product 
use acts as a prerequisite for implementing the model within this element. In the context of textiles, 
the usage of products incorporates benefits that are focused on using the textiles as means of self-or 
brand expression. Additionally, the utilitarian aspects of using textiles are highlighted, especially in the 
B2B settings. The facet of insecurity is embedded as a sacrifice of the usage phase. Related to the 
initial idea of not owning the products, this facet of customer value manifests e.g. in uncertainties in 
the condition or quality of the products in use or worries about damaging the products. The service 
element of support for the use includes, for example, guidance for the use or handling the problems 
appearing during the product use. Offering guidance for use can give assurance to customers for the 
correct use of products, thus, it can increase the benefits of the CVP incorporated in this element. 
Fluent handling of problems, on the other hand, can minimize the effort caused by searching for 
support, and thus, decrease the sacrifice. 

The value points of the post-use element tend to focus on the process aspect of the model, more 
specifically the circularity, that characterizes the conceptual level of the model. This element includes 
the take-back logistics service, which is a corresponding element to the delivery service included in 
the pre-use component. Respectively to the delivery service, the take-back element tends to highlight 
the convenience of the service and typically, an intermediate actor is included in the process. As the 
counterpart of the convenience benefits, the temporarity aspect of the model is highlighted as an 
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element of sacrifices here, as this stage of service requires detachment from the product. Thus, this 
aspect seems to be interconnected and cross-effecting to the accessibility-ownership pair of trade-off 
emerging in the pre-use element. The product validation is also included here as a service element, 
including the inspection of product condition and documenting product-related data. The product 
validation is a critical part of the circular nature of the model, and a connection to the reusability of 
products is drawn. This service element can enable verifying the sustainability of the model to the 
customers, as sustainability-related data such as instances of use and length of product lifecycle can 
be articulated in the CVP. Additionally, the product validation element acts as a prerequisite for the 
product renewal element of reuse, as the product condition and need for renewal activities are 
defined here. Moreover, product validation can generate elements of product narratives in the CVP, 
as the history of the product use and users can be narrated in the CVP. The verification of product 
narratives can emerge as a benefit, especially in the B2C setting. On the other hand, the data 
generated in product validation can interfere with the customer`s sense of privacy, which is identified 
as a sacrifice here. Finally, lifecycle optimization is included in post-use, ensuring environmentally 
optimal arrangements for the model. Recycling tends to emerge as one of the most apparent service 
elements in post-use, as it is closing the use cycle and addressing the end-of-life stage of a product. In 
a wider view, lifecycle optimization enables the product to circulate in the use-oriented loop in an 
environmentally-friendly manner. This service element builds a connection between the use cycles, 
and thus, the element overlaps between post-use, reuse, and recycling. For the customer, the service 
element offers convenience-related benefits in terms of enabling the environmental sustainability of 
the model. The sacrifices tend to include questioning and distrust of the positive environmental impact 
and optimization of e.g. recycling practices, especially in comparison to ownership-based models.  
 
5.  CONCLUSIONS  
The purpose of this study was to investigate how customer value is proposed in the circular product 
as a service business models. This study adopted the deconstruction approach to systematically 
decompose the concept of CVPs in the product as a service model. The deconstruction process 
included describing the product-service-dynamics, the use-oriented view of the model, and the value 
point and trade-off elements of the CVP. 

This study generates an understanding of the circular product as a service model by connecting 
frameworks from the circular service business models and CVPs. We contribute to the scarce number 
of studies on CVPs in the circular economy context and follow the calls for more theoretical 
conceptualizations of customer value in the context of circularity and sustainability (e.g. Payne et al., 
2017; Zeithaml et al., 2020). Additionally, this study generates an understanding of the implications of 
servitization in the context of circularity. In terms of managerial contributions, our findings illustrate 
the characteristics of CVPs in the product as a service model and thus, provide insights to managers 
innovating and implementing circular product as a service models. The concrete deconstruction tool 
for CVPs of the product as a service model can act as guidance for managers in building and articulating 
competitive CVPs, as the components of CVPs are decomposed at the management level. The 
deconstruction tool for CVPs discusses both the strategic and operative elements of managing CVPs 
(Rintamäki & Saarijärvi, 2021). As a strategic tool, the presented deconstruction approach to CVPs 
connects the perspectives of the company and the customer. Further, as an operational tool, the 
framework provides insights on especially the contextual perspective of proposing customer value. 
Here, the contextualization of CVPs is embedded in discussing the CPV frameworks in the context of 
reuse models and highlighting value-in-use as well as the elements of service. 

In this study, we examined the CVPs of the circular product as a service model in the empirical 
setting of the textile industry. We provided a detailed demonstration of the CVP deconstruction tool 
based on a multiple case study, in which we investigated seven case companies that operate either in 
the B2C or B2B environments. While this paper provided a synthesized view of the diverse operational 
environments, future research could examine the similarities and differences of the settings and 
expand the investigation to a more detailed view of e.g. circular consumption. Further, future research 
could explore the topic in other domains outside the context of textiles. This could potentially 
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contribute to the generalizability of the results and generate a more in-depth understanding of the 
characteristics of the product as a service model.  

The deconstruction tool CVPs of the circular product as a service model, which was built and 
presented in this study, is based on prior literature and practice. Further work is needed to validate 
the effectiveness of the tool in innovating and determining circular CVPs. Thus, future studies could 
incorporate further testing and piloting of the CVP deconstruction tool in companies.    
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ADVANCED SERVICES: THE ROLE OF INDEPENDENT SERVICE PROVIDERS 

Raddats, C., West, S., Burton, J., Story, V. & Zolkiewski, V. 

ABSTRACT  
Purpose: To consider the role of independent service providers (ISPs) in terms of developing and 
delivering advanced services. 
Design/Methodology/Approach: A comparative case study using secondary data.  
Findings: ISPs are well-placed to offer advanced services by having many of the ‘service-focused’ 
processes already. However, lack of product incumbency may prevent suitable outcome-based 
offerings from being viable.  
Originality/Value: This paper considers two ISPs to demonstrate how they are providing advanced 
services and the limitations of this approach for them.  

KEYWORDS: Advanced services, Independent service provider, Manufacturer, Servitization. 

1. INTRODUCTION
Considerable recent research about servitization has focused on advanced services; that is, the
provision of outcome-based offerings that involve a degree of risk-sharing between suppliers and
customers (Baines & Lightfoot 2014). Multiple challenges facing manufacturers offering advanced
services have been identified, limiting their uptake; for example, limited financial success and
uncertainties around managing risks (Benedettini et al. 2017). While solutions to these challenges are
proposed, it is appropriate to consider whether other actors may be better placed to offer advanced
services. For example, independent service providers (ISPs) are conceived as companies that do not
manufacture products and operate independently from manufacturers, so are not tied distributors of
particular manufacturers’ products (Burton et al. 2022). ISPs are overlooked actors in servitization
despite early conceptualisations contending that it was appropriate for service and product companies
(Vandermerwe & Rada 1988). Addressing the lack of focus on ISPs in prior literature, this study aims
to answer the research questions (RQs):
1) How do ISPs develop and deliver advanced services?
2) How does this provision differ from that of manufacturers?

2. LITERATURE REVIEW
Differences between base/intermediate and advanced services have been discussed, with increasing
value creation identified from the latter as suppliers assume greater risks in outcomes from their
provision (Baines & Lightfoot 2014). However, this change in value creation (i.e., from maintaining the
product condition to improving customers’ operational processes) takes many manufacturers beyond
their existing capabilities and is challenging (Alghisi and Saccani 2015). It seems likely that some ISPs
are adept at addressing challenges customers face by optimising their operational processes, so are
well placed to offer advanced services. However, ISPs can lack the deep technical knowledge that
manufacturers possess about products and may need to address this (Burton et al. 2022). Summarising
the capabilities for advanced services required by manufacturers, Story et al. (2017) identify the need
to balance product and service innovation, focus on developing customer-focused through-life service
methodologies, cultivate customer intimacy, develop distinct, yet synergistic product and service
cultures, coordinate and integrate third-party products/services and have localised service delivery.
Thus, for manufacturers, developing advanced services is part of a change process (Kohtamaki et al.,
2021), which may take them to contradictory positions, such as offering customers the ‘best’ solution
even if this does not include their products.
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Improvements in digital technologies mean that digitalisation plays an important role in the 
provision of advanced services (Martín‐Peña et al. 2019). The ability to capture product usage data 
and invoice customers accordingly means that advanced services can be more easily managed 
(Kamalaldin et al. 2020). However, as digitalisation may also require capabilities manufacturers do not 
possess, it is important to consider an ecosystem of facilitating actors (Sklyar et al. 2019). For example, 
intermediaries which provide an interface between manufacturers and customers may need digital 
capabilities that exceed those of the manufacturer in terms of being able to deliver customer solutions 
(Raddats et al., 2019). It could be that ISPs also need this expertise in digitalisation or they too require 
input from other companies to develop and deliver advanced services.  
 
3.  RESEARCH METHODOLOGY  
This paper uses an analysis of secondary data from two global companies, Sulzer Services, an 
engineering company in the energy sector, and DXC Technologies, a provider of IT solutions. These 
companies were selected to provide comparative cases (Yin 2002), with one ISP that has a strong 
product heritage (Sulzer Services) and the other with a strong services heritage (DXC Technologies). 
Yin (2002) envisages a wide range of data collection techniques to develop case studies, including 
documentation, archival records, interviews, and observations. While this paper presents information 
about the first two, further data collection via interviews is planned in advance of writing a full paper.  

We implemented an embedded case analysis (Yin, 2002), focused on the service offerings of the two 
companies. Most of the information for the study has been garnered from the company websites, 
which are an essential form of corporate communication (Whiteside et al. 2012; Wheeler & Elkington 
2001). In particular, information for investors is well regulated and controlled and provides a source 
of reliable information (Marston & Straker 2001). Scott (1990) assesses the utility of documents as a 
source of research data and provides four measures of quality: authenticity – is the evidence genuine; 
credibility – is the evidence-free from error and distortion; representativeness – is the evidence typical 
of its kind; meaning – is evidence clear and comprehensible. These measures were taken into account 
as far as possible during data collection. 
 
4. FINDINGS  
The initial findings from each case study are presented in sections 4.1 and 4.2 and this is followed by 
a comparison of how each company develops and delivers advanced services compared to the 
approach undertaken by manufacturers (4.3).  
 
4.1. Sulzer Services  
4.1.1 Introduction 
The evolution of the past 20 years of Sulzer Services (today a division of Sulzer) is described in Figure 
1 (Sulzer.com) and shows sales growing from just under 200MCHF to over 1,300MCHF between 2001 
and 2020. The evolution of the service business takes place within the broader context of a primarily 
manufacturing firm. Today, Sulzer focuses on three divisions (Chemtech, Flow Equipment and 
Services). Sulzer Services started with the acquisition of an independent service business (Hickham) 
by a former division of the company, Sulzer Turbo (which was sold in 2000). Hickham was not branded 
as ‘Sulzer’ and continued to offer OEM and non-OEM services as it had done since being founded in 
1972. From the initial acquisition of Hickham to today, Sulzer Services continues to develop along the 
lines of an ISP. 

In 1995 a new facility (Hickham Indonesia) was opened to support the localisation of the existing 
services. In 1996, an ISP Repco was acquired by Sulzer Turbo to provide local support in the 
Netherlands’ gas fields and refineries. Repco continued to provide mostly non-OEM services. In the 
same year, EnPro was acquired. It was a non-OEM field service business to the oil and gas industry. 
EnPro continued to provide non-OEM field services to equipment owners and operators and provide 
local services for some OEMs. The acquisition of EnPro provided Sulzer Services with a more significant 
field service capability and access to new competencies.  
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Figure 1: Evolution of the Sulzer Service division over 20 years 
 

 
 
After the sale of Sulzer Turbo, Sulzer took the strategic decision to grow Sulzer Services. At this point, 
a new Sulzer Turbomachinery Services (STS) division was formed. Another company Elbar was 
acquired by STS that year, which had worked with Hickham as they had complementary capabilities, 
know-how, and customer bases. Elbar expanded their ‘repair factory’ to Poland to improve their cost 
base. In 2007, STS opened another service business in Canada to provide non-OEM services. The 
rationale was to be ‘close’ to customers and provide advanced services. The acquisition of Capime in 
2008 provided a geographic expansion in South America and came with several existing advanced 
service contracts. Capime had been initially established to support a UK-based OEM, although it had 
always operated independently from the OEM. 

In 2010, Sulzer Services acquired 30% of Dowding & Mills (via the acquisition of Castle Support 
Services, the holding company). Dowding & Mills provided a range of mechanical, electrical, electronic, 
instrument and calibration services. The acquisition provided Sulzer Services with a new range of 
services that were ‘adjacent’ to the existing range and provided a broader geographic footprint. 
Further geographic expansion came with a new joint venture (JV) (Ha Rui Jiangsu) in 2014, and in this 
case, the partner was also a customer of Sulzer Services. Grayson was acquired in 2014 and was like 
Dowding & Mills, primarily a non-OEM repair business and it provided a local market entry. The 
acquisition in 2015 of Precision Gas Turbines Inc. provided additional technology competency for 
Sulzer Services, allowing it to provide advanced services as an ISP. Later in the same year, Expert 
International Pompe Service was acquired again to expand the firm's geographic footprint. At the 
same time, the service businesses of a sister company, Sulzer Pumps,  were absorbed into Sulzer 
Services, and the business model was predicated on both OEM and non-OEM services. 
 
4.1.2 Advanced services 
Sulzer Services provides a range of basic and advanced services, primarily on rotating industrial 
equipment, turbines, compressors, motor generators, and pumps. It grew through acquisitions, joint 
ventures and organically via sales of basic services, conversions, modifications, upgrades, and 
advanced services. Today it provides these services as an ISP and as an OEM. Sulzer Services’ most 
advanced service contracts are based on performance commitments (outcomes) underpinned by 
remote monitoring. It also provides intermediate services via more traditional 'time and materials' 
based agreements. Other quasi-advanced services include the relocation of units and upgrades of 
existing machines, which are provided as an ISP. OEM services are provided as well on its pumps and 
those of other manufacturers.  

The acquisition of Capime added advanced service agreements to Sulzer Services’ portfolio of 
contracts. Sulzer Services later grew these advanced service offerings (for gas and steam turbines) 
based on outcome-based contracts and rate-based agreements. The acquisition of Precisions Gas 
Turbine Inc. extended the range of machines that the advanced services could be provided on by giving 
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access to reverse engineered parts and reducing the need for external supply chain partners. Alba 
Power expanded Sulzer Services’ advanced service offerings further by adding aero-derivative to its 
competencies. Relocations and rerates were considered by Sulzer Services as advanced services. The 
company would purchase old machines, refurbish and re-engineer them so that they could be installed 
in new locations and performance commitments (outcomes) offered to customers. It also offered unit 
rerates, where the fluid pathway of the equipment is redesigned to improve its performance.  

As an ISP, Sulzer Services works with ecosystem partners for spare parts supply and some technical 
competencies. It also works with OEMs to repair and overhaul equipment, partnering with the OEMs' 
customers to enter new markets and invest in innovation associated with service development and 
service operations management. This is important as Sulzer Services is not the OEM for most of its 
services. Thus, Sulzer Services has collaborated with different manufacturers in its ecosystem to fill in 
gaps in its capabilities. This collaboration supports the localisation of services and provides the 
opportunity to integrate new resources within the firm. Sulzer Services has provided the parent 
company with the platform to grow services, localising their provision via its expanding service 
network. Co-creating innovation with customers has provided the company with a competitive 
advantage, with digital technologies supporting advanced service delivery.  
 
4.2 DXC Technology  
4.2.1 Introduction  
DXC Technology is a US-based global provider of mission-critical IT infrastructure services. In 2021, it 
had a turnover of $17Bn and operates in over 70 countries. It was formed in 2017 by the merger of 
Computer Sciences Corporation (CSC) and Hewlett Packard’s Enterprise Service (HPES) division. The 
company reports sales in two divisions: Global Business Services, which provides technology solutions, 
and Global Infrastructure Services (GIS), which provides ‘predictable outcomes and measurable results 
while reducing business risk and operational costs for customers’ (DXC Technology, 2021). It adopts a 
‘technology-independent’ approach, with a ‘partner ecosystem’ comprised of suppliers with whom it 
works, such as cloud providers (e.g., AWS, Microsoft Azure), hardware providers (e.g., HP, IBM), and 
software providers (e.g., Oracle, ServiceNow).  
 
4.2.2 Advanced services  
Advanced services are provided as part of the company’s ‘IT Outsourcing’ offering (part of the GIS 
division). The company aims to reduce customers’ IT operating costs by up to 30% and in its 2021 
financial report terms these ‘performance obligations’, which may contain embedded leases. It is a 
complex process to determine how revenue accrues against each performance obligation and lease, 
whether they should be treated separately, and the timing of when revenue can be recognised (i.e., a 
sale has been made). The company notes how the revenue attributed to each contract often differs 
markedly from what was originally estimated because of differences in volumes and changes in 
technology, for example.  

In terms of how the company develops and delivers these offerings, market analysts Everest Group 
(2021) note that in terms of being an Azure systems integrator, DXC drives innovation through deep 
collaboration with customers and has strong leaders, who are focused on largescale/complex cloud 
transformations. They also note DXC Technology’s delivery and support operations, focus on cost 
reduction and technology independence, through building many OEM partnerships. DXC Technology 
also claims leadership in data analytics and the provision of managed services and strong digital 
transformation practices that facilitate migration to Azure.  

For its IT outsourcing (ITO) offerings, the company notes the scale of its operation and experience, 
with hundreds of thousands of servers and mainframes being managed. While the specific 
performance guarantees are not explicitly discussed, the focus is on managing the on-premises and 
cloud infrastructure. So, if a client currently has predominantly on-premises infrastructure then 
transitioning some (or all) of it to the cloud could realise savings. DXC Technology also has a largescale 
data storage capacity to reduce the need for customers to have their own. In addition to cost savings 
and improved performance, scalability and flexibility seem to be important, and customers may want 
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varying numbers of employees to be able to work in multiple locations (e.g., from home during the 
Covid-19 pandemic) and use different devices (e.g., desktop, tablet, mobile).   
 
4.3 How ISPs develop and deliver advanced services and how this compares to manufacturers 
Using secondary data, Table 1 seeks to provide a comparison of the two companies’ approaches to 
developing and delivering advanced services (RQ1). 
 

Table 1: Comparison of Sulzer Services and DXC Technology’s advanced services 
 

Sulzer Services DXC Technology 

Working with ecosystem partners to fill in 
gaps in capabilities and competencies 

Product independence although an ecosystem of 
partners 

Customers paid for innovation Customer-driven innovation 

Localisation of services via its service 
network 

Extensive delivery and support infrastructure 

Service was at the core of the strategy Leaders driving the company’s (service) focus 

Digital has been used to support service 
delivery 

Digital transformation practices 

Data used to support the delivery of 
advanced services 

Data analytics and managed services skills 

The business was able to integrate new 
resources to transform the business 

Scale and experience of large-scale 
transformations 

Solutions are developed locally shared 
between locations. 

Solutions that are scalable and flexible 

 
Via embedded analysis of service processes descriptions, company service statements and assertions, 
we identify eight dimensions that define how the ISPs develop and deliver advanced services. Working 
with partners is an obligatory dimension for ISPs, given they are probably not an OEM that can rely on 
services from this quasi ‘captive’ source. Thus, genuine product independence but access to an array 
of OEM products to service can provide ISPs with a distinctive market position. Customer innovation 
involves ISPs seeking new co-created solutions with customers. Local service infrastructure 
emphasises the importance for ISPs to have the resources to be able to deliver services where required 
without recourse to service intermediaries. While it may be that an ISP does require service 
intermediaries in some markets (e.g. geographic or vertical), having this capability in-house for core 
markets seems important. Service-focused leadership means having managers at the very top of the 
company whose ‘DNA’ is services. Advanced services provide the ideal platform for ISPs since what is 
being sold is a service rather than products and (base/intermediate) services. Thus, the commitment 
to developing this service focus, through replicable and robust service processes, utilising proven 
service methodologies and service-savvy salespeople is immutable. Data-driven process improvement 
is likely to see these processes improved through using digital technologies; for example, remote 
monitoring of customer equipment can help quickly identify fault conditions and help maintain their 
operational performance. Data-driven customer approaches include service offerings, such as 
predictive maintenance, that employ ‘big data’ technologies to provide customers with improvements 
over what was previously provided. Inorganic and organic growth used to build scale in service 
capabilities may be necessary, be it geographic reach, technological know-how, or sector expertise. 
Finally, offering a range of scalable customer solutions demonstrates high flexibility to align with 
customers’ requirements.  

In terms of RQ2,  we can see that many of the capabilities required by manufacturers (Story et al., 
2017) align with the ISP dimensions identified in this study. For example, the need for service 
innovation, the development of improved customer-focused service methodologies, coordinating 
third-party products and services, and localised service delivery. Less important for ISPs is the need 
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for product innovation and developing distinct, yet synergistic product and service cultures. Thus, we 
can see some commonality between the requirements of manufacturers and ISPs for advanced 
services. Yet, it is arguable that some of the difficulties of offering advanced services, such as the 
management of risk are likely to be greater for ISPs since they lack product incumbency. If an ISP is to 
guarantee the performance of an asset then what recourse does it have to an OEM’s technical support 
function should the asset malfunction? This is likely to limit the performance guarantees ISPs are 
willing to make on individual assets. It seems more likely that when assets are part of a broader 
customer process, the opportunities for cost improvement may be greater; for example, DXC 
Technology’s ITO offering that uses the cloud.  
 
5. DISCUSSION 
This paper identifies several dimensions that are important for ISPs to offer advanced services. The 
paper uses comparative cases of one ISP that has a product heritage and one that has a services 
heritage. The main theoretical contribution of this paper is to present more evidence that ISPs are 
well-positioned to offer advanced services to the market. Indeed, ISPs already have many of the 
required capabilities such as customer-focused service methodologies (Story et al. 2017) and can add 
new ‘big data’ capabilities to support advanced services just as manufacturers can (Martín‐Peña et al. 
2019). If developing advanced services is a change process for manufacturers (Kohtamäki et al. 
2021), is it also one for ISPs and if so, what do they have to change? Product incumbency provides 
manufacturers with deep technical knowledge about their products (Burton et al. 2022), however, for 
advanced services it is the risk of taking on outcome-based guarantees that might provide the main 
impediment to what ISPs can offer. This is because ISPs lack product incumbency and consequently 
certainty about what faults may develop, how quickly they can be fixed and the cost of doing so. Thus, 
risk as previously set out for manufacturers (e.g., Benedettini et al. 2017) may need to be re-evaluated 
for ISPs too. ISPs cannot simply have superficial partnerships with OEMs that enable them to offer 
base and intermediate services, they need to develop deeper partnerships to allow them access to 
the technical knowledge and support to be confident in offering advanced services.  

In terms of managerial implications, ISPs may be better placed to offer advanced services than 
manufacturers since the heightened service focus is already present. Several dimensions are 
important to develop the required expertise to offer advanced services. For example, developing 
partnerships with OEMs that enable outcome-based offerings to be provided. These partnerships 
need to go beyond supply arrangements as prioritised access to technical fault resolution is necessary 
for ISPs to have confidence in offering advanced services. Equally, the application of new data 
technologies to both improve core operations and customer offerings.  

In terms of limitations, this paper only uses secondary data and further empirical data collection is 
needed to better understand this matter. The cases selected are not representative of other industries 
although they do provide a comparison of advanced services by a company that is fully independent 
and one that is quasi-independent of an OEM. In addition to this distinguishing feature, further 
analysis of ISPs based on their use of digital technologies would also be interesting to help understand 
how they can help the provision of advanced services to their customers and potentially distinguish 
these offerings from those of manufacturers.  
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DIGITAL SERVICE INNOVATION PRACTICES FOR SERVICE GROWTH 
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1.   INTRODUCTION  
While digital servitization has become a key element to create a competitive advantage, research is 
scarce on how practices influence manufacturing firms that want to grow their service business 
through digital service innovation. Service growth in manufacturing firms concerns shifting from 
developing, manufacturing, and selling products to innovating, selling, and delivering services 
(Kowalkowski et al., 2017). Digitalization has become closely connected to service growth and the 
concept of “digital servitization” emerged as the deployment of digital technologies to support the 
transformation from a product-centric to a service-centric business model” (Coreynen, Matthyssens, 
& Van Bockhaven, 2017). However, many manufacturing firms fail to experience the benefits of digital 
services and get stuck in the digitalization paradox (Gebauer et al., 2020) through failing to grow their 
digital services.  
 Research on digital service-led  growth in manufacturing firms focus on how digital service 
innovations are growing revenues (Gebauer, Paiola and Rapaccini, 2021). Gebauer et al. (2021) focus 
on the business model changes of the manufacturing firm and Tronvoll et al. (2020) identify 
transformational shifts in digital servitization. In a rare exception, Sjödin et al. (2020) study how 
manufacturing firms co-create digital service innovations with customers to cope with the 
digitalization paradox and identify a process for digital service innovation. Most existing research 
focuses on innovative activities on the firm level, while the present research focuses on individual 
digital service innovations. Reuver and Bouwman (2012) identify a service innovation process and 
study governance mechanisms in value networks. Building on their work, we study the service 
innovation process of digital service innovation in manufacturing firms throughout the phases of 
design, replication and scaling.  
 We draw on practice theory to create a deeper understanding of digital service innovation in 
manufacturing firms. The innovation process will be influenced by practices, which can be described 
as shared routines of behaviour, such as traditions, norms and procedures of thinking and acting, as 
well as the actual, daily, activities that actors perform (Schatzki, 2019; Whittington, 2006; Feldman 
and Orlikowski 2011; Reckwitz 2002). Practices can either enable or constrain actors (Vaara & 
Whittington, 2012;  Feldman & Orlikowski, 2011) in the service innovation process and consequently 
influence the outcome and service growth. A practice approach to servitization has been called for 
(Bustinza, Vendrell-Herrero and Baines, 2017; Kohtamäki et al., 2018; Kohtamäki et al., 2021) and 
there is existent research focusing on key organisational practices in the implementation of 
servitization (Rabetino, Kohtamäki and Gebauer, 2017) as well as in delivery of services (Baines & 
Lightfoot, 2013). We add to this knowledge by focusing specifically on practices in the digital service 
innovation process.  
 New digital services need to go through all three phases of the innovation process to contribute to 
service growth. We argue that different practices can enable or constrain service growth throughout 
the service innovation process, so that some practices enable growth, some practices constrain 
growth and some factors have different influences throughout the phases. Moreover, we argue that 
employees in manufacturing firms are often constrained by product-oriented practices; that is, they 
focus on products and technology rather than solutions. Consequently, some practices might need to 
change to fully support the innovation of new digital services. Therefore, the purpose of this paper is 
to understand what practices that enable or constrain service growth throughout the three phases of 
the digital service innovation process. The research is built on a multiple case study of four digital 
service innovations in manufacturing firms, where data collection has been performed through 
interviews, focus groups and document studies. We provide theoretical and managerial implications 
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through new knowledge about the role of practices that enable or constrain service growth of 
individual services throughout the digital service innovation process. 

2. THEORETICAL FRAMEWORK
2.1 Digital servitization and service innovation
Based on Sjödin et al. (2020), we view digital servitization as the transformation in processes,
capabilities, and offerings within manufacturing firms and their associate ecosystems to progressively
create, deliver, and capture increased service value, arising from a broad range of enabling digital
technologies. Previous research has among others identified factors such as creating a digital identity,
partnering, and dematerialization (Tronvoll et al., 2020) and the business model (Palo, Åkesson and
Löfberg, 2020). Most research views digital servitization on the firm level, and try to identify what is
needed to further extend the role of digital services for growing the service revenues (see e.g.
Gebauer, Paiola and Rapaccini, 2021). But less knowledge exists about the growth of digital services
on the individual service level.

Early on, research on service innovation built on the phase models of product innovation and the 
product life cycle. Starting with Barras (1986), specific service innovation models were introduced that 
better fitted the service context. This included specific models for new service development (NSD), 
service design and the reverse product cycle. In their study of government mechanisms, Reuver and 
Bouwman (2012) introduced an innovation process covering development, implementation/roll-
out,and commercialization. In servitization, models of service innovation have been developed, such 
as a micro-service innovation approach (Sjödin et al., 2020) and a process for modular service 
development (Gremyr, Witell and Valtakoski, 2019).  

Building on previous research, we study the service innovation process of digital service innovation 
in manufacturing firms throughout the phases of design, replication and scaling. The design phase 
includes the development from an idea to a service that often is tested in cooperation with partners 
of customers. The replication phase includes the further development and formalisation of the service 
for additional customers until it is included as an offering to all customers. Finally, the scaling phase 
includes the commercialization and service provision to all customers. Our service innovation model 
does not include an innovation death phase, since this phase does not focus on growth of services and 
that the digital services we have studied are still in the early phases of their life-cycles. 

2.2 Practices for service innovation 
How actors perform digital service innovation and related activities are influenced by practices, that 
is shared and organised routines and behaviours within the organisation. To follow them is usually 
more convenient and more socially acceptable than it is to act in alternative ways (Schatzki, 2019). 
Since practices are often reproduced (Jarzabkowski, 2004), the digital service innovation process and 
service growth could be constrained as a consequence of practices in manufacturing firms often being 
based on a product orientation. To overcome this challenge, we argue that practices need to change 
to support service growth.  

The change of practices has been sparsely researched within practice research (e.g., Epp, Schau, 
and Price, 2014). However, Schatzki (2019) has recently addressed this topic and discusses how 
practices can be changed or new ones be created when actors choose to act in new ways. In service 
innovation research there are few studies focusing on the change of practices (eg. Fuglsang and 
Sørensen, 2011), and Skålén and Gummerus (2022) use practice theory to contribute to a theoretical 
conceptualisation of service innovation. We add to this research as we use practice theory, and more 
specifically the change of practices, to understand the digital service innovation process in 
manufacturing firms.  

3. METHOD
The paper reports on a multiple case study (e.g. Yin, 1994) of four digital service innovations in
different firms. We selected innovations that; (1) belonged to firms that had an expressed intention
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from top management to grow the digital service business, (2) were in the later phases of the 
innovation process, and (3) openly granted access to managers and other key respondents.  
 The first innovation project was in the pulp and paper industry and is the implementation of a 
remote system and related services (in the following referred to as the remote system case). It enables 
the firm to connect to its installed base around the world and the services include for example 
condition monitoring and process optimization. The second innovation was in the transport industry 
and is an autonomous solution for transports (referred to as the autonomous solution case). It 
increases safety as well as productivity at the customer site. The third innovation was also in the 
transport industry and is a digital solution connecting e.g. truck drivers, other operators, and site 
managers to optimise the process and contribute to increased profitability as well as sustainability 
(referred to as the digital solution case). The forth innovation was in the marine sector where it offers 
power solutions to customers (referred to as the power solution case). 
 Data were collected from interviews (12 in total), workshops (2 in total, including 10 participants 
plus researchers), meetings (2 in total),  and PowerPoint presentations (2 in total). The data analysis 
focused on identifying practices in the different phases of the digital service innovation process in the 
four cases. Codes and categories (Miles and Hubermann, 1994) were created based on an abductive 
approach in which we systematically combined the interpretation of existing theory with the data 
analysis (Dubois and Gadde, 2014). The result was examples of actual activities that together 
constitute practices, and that either enabled or constrained digital service innovation in the different 
phases of the process. Figure 1 illustrates the coding process with examples from the data on the left 
side, identified practices in the middle, and the abstract level of aggregated practices on the right.  
 

 
 

Figure 1: Illustration of the data analysis 
 
4.  FINDINGS 
This section presents findings by illustrating that depending on the activities performed, the practices 
can either enable or constrain service growth in the innovation process, and examples are given on 
how they were performed in the different case studies. Different phases call for different practices 
but several practices are visible in more than one phase (see Table 1).  
 
4.1 Practices identified across all phases 
Some of the identified practices were found to enable or constrain service growth in all phases of the 
service innovation process. These practices can be described as external ecosystem practices and 
service culture practices.   
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 First, cooperating with partners is key in all phases and might enable or constrain the process 
depending on how well the collaboration works. Having a close and open dialogue with partners is 
enabling the digital services innovation process, whereas friction between partners might constrain it. 
There are also examples such as lacking a specific actor in the innovation project could be both an 
enabler and a constraint in different phases. In the digital solution case, dealers being excluded in the 
design and replication phases were an enabler, but turned out to be problematic in the scaling phase: 
“Yes, we need to involve them even more. Even if they don’t sell the service, they might need to be 
involved in supporting it.” 
 Second, having dialogue with customers was considered an important enabler, but for two of the 
studied firms this practice got a new meaning throughout the digital service innovation processes. 
Since the service innovations were directed to end customers and not to intermediaries, they needed 
to find ways to reach this new target group. This practice is enabling service innovation, but only when 
the firms manage to reach the end customers. In the beginning, employees were still constrained by, 
for example, their inability to understand how end users use new technology. This was explained by 
one manager talking about the digital solution for mass excavation, which is an app used, for example, 
by truck drivers: “Is it too complicated or is it too simple? Is this what they want? It must work for Pelle 
who drives a truck, who is just about to retire. And the one that just came out of school. For us, these 
are new customers. They are most important, and the weakest link can ruin everything.”  
 Finally, in two of the studied cases the emerging practice of creating a service mindset was 
considered an enabling practice throughout the digital service innovation process. It was a challenge 
but at the same time crucial for digital service innovation. To manage this transition interviewees at 
one firm explained how they employed new people with service oriented skills and competences, and 
how they tried to create services separately from the product. As one interviewee expressed it: “This 
is a new way of thinking. We turn everything around, and sit down with the customer; ‘What is your 
biggest problem?’ And we don’t care about the machines at all.” 
 In addition to these practices, there were also those identified that had an enabling or constraining 
role in individual phases of the service innovation process. In the following, emphasis is given to the 
practices most prominent in each stage.  
 
4.2 Practices in the design phase 
The practices prominent in the design phase concern the management of different actors and 
stakeholders within the firms as well as the initiation of the digital service innovation process. Even 
though the practices were performed throughout the service innovation process, the enabling or 
constraining roles are prominent in the design phase.  
 The practice managing the innovation team considers the actors working directly with the service 
innovation per se. This was an enabling practice in all cases studied, the importance of engaging the 
‘right’ people was seen as crucial for enabling service growth. One manager explained how they kept 
the project team small and only included people with competences and skills needed for the project: 
“We’ve made sure that we’ve kept a low level (of engagement) … in terms of not having included too 
many in the project. We made sure the ones involved are people with knowledge, and we have 
excluded some (people) that have heard about the project and wanted to join: ‘they add nothing, they 
will only be hangarounds.’ … So we’ve been, not restrictive, but we’ve decided to have a small core 
squad that works tightly together on this, and that’s been one of the enabling factors.”  
 The practice managing the internal organisation brings in a wider range of actors and is a practice 
that was constraining service growth in the design phase. In the following quote the interviewee 
exemplifies this when explaining the resistance from colleagues: “The biggest job I have is to get this 
to fly within the company, that it's a new way of thinking now, this is completely different. I fight more 
internally than externally. Selling the service isn’t a problem, … but I do have problems selling it 
internally. Because, I mean, all our engineers are used to a certain way; it should be tested and verified 
and then there is  training material that is needed …, yes there is so much administration. And I have 
said that ‘It is completely - just forget it - that is not the way it will be done’.” This shows how the 
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practice of managing the internal organisation is contributing to the emergence of a service mindset 
within this organisation and that different practices influence each other.  
 Initiating new service ideas is considered an enabling practice for digital service innovation. In all 
cases they had used a customer problem as the starting point for a new service. As explained by one 
manager: “The biggest change for us has been that we have been really good at inventing things 
inhouse and then we’ve said to the customers: ‘You need to buy this.’ And then the customer goes: 
‘Hm, what am I going to do with it?’ We’ve fallen into that trap so many times, during so many years 
we have been so frustrated. … We need to do it the other way around, ask the customers, ‘what do 
you need?’” Moreover, in two of the cases the digital service innovations are independent of the firms’ 
products, which made it important to broaden the perspective when searching for new ideas.  
 A manager at the power solution case emphasised the need of rethinking the innovation process in 
the following way: “It has partly stressed our usual development process, because we were much 
longer in the first phase, than we usually are in a project.” The reason why the design phase took 
longer was due to the many possibilities enabled by the technology. They did not want to make the 
mistake of developing a service with too many, too complex facets. Instead, they focused on creating 
a clear picture of the goal image of the service, it should be based on what the customer wanted and 
hence, be aimed at solving the customers’ problem. Other examples of rethinking the innovation 
process was evident through competence sharing through partnerships and close cooperation with 
customers throughout the service innovation process.  
 
4.3 Practices in the replication phase 
Having initiated the digital service innovation in the design phase, and managed actors as well as 
adapted the innovation process, the replication phase was dominated by practices related to value 
capture.   
 Using resources effectively as well as efficiently, was a practice that in all cases constrained actors 
in the digital service innovation process. One example is from the digital solution case, in which the 
project team in the replication phase still needs to conduct manual setup of the digital service, as 
visible in the following quote: “Today, the customer comes to me and says, "I have ten excavators and 
they are going to load so and so many trucks", and then I have to go into a system and then start 
registering or uploading them to the system, in the database. In the future, the customer should 
actually be able to do all that themselves, and I just press a button.” This setup is obviously a 
shortcoming and something that needs to be developed more towards autonomy to be able to reach 
the scaling phase and achieve service growth.  
 Consequently, to develop new ways of using resources was necessary in order to capture value. 
Moreover, the firms found themselves in need to gain new competences, that is obtaining resources, 
since innovating digital services was still a relatively unexplored area. Whereas the managers in the 
remote system case primarily searched internally for these competencies, the managers in the 
autonomous solution and digital solution cases searched for them also externally: “So we began to 
build knowledge, we recruited a lot of people from Microsoft, … from Spotify we brought in a lot of 
people, so a lot of new thinking has entered this company, which is incredibly exciting.” In all three 
cases the intention was primarily to build internal competence rather than to create partnerships with 
other firms.  
 The last practice that was prominent during the replication phase was creating a business model. 
This was a practice that was performed in a new way, as the digital services opened up for new ways 
of doing business. A manager at the digital solution case explained how they started to think 
differently compared to their traditional product-oriented business models: “We took a good look at 
Spotify and Netflix. With this new concept, you buy the solution and then you can turn it off whenever 
you’d like, basically. So we don’t demonstrate anything at customer site, we won’t do that for any 
customer, they will simply have to buy it and then pay per month.”  
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4.4 Practices in the scaling phase 
The practices prominent in the scaling phase have a focus on the value proposition in terms of creating 
an attractive offering. There is also a focus on sales practices, both regarding internal and external 
aspects. Just as with all practices described, they might be enabling or constraining service growth, 
depending on how they are performed.  
 As explained in the previous section, for the actors in the autonomous solution and the digital 
solution cases the digital service innovations imply “a new way of thinking”. Innovating services 
according to this new mindset means that the traditional product-oriented practices of creating a 
value proposition needs to be replaced. Starting with a customer problem and offering a service as a 
stand-alone with little or no connection to the firm’s product, means that good knowledge about the 
customer’s process is needed and a new practice of facilitating customers’ value creation emerged. 
One manager explained: “It is interesting when you talk to customers here in Sweden, most of them 
say: ‘Things are going pretty well´. But when you start asking some follow-up questions: ‘Yes, but how 
does it work, do you keep track of the time? Are you finished?’, they go: ‘No, that I must do in the 
evenings.’ … ‘Wouldn’t it be nice to have a service showing that in an app in your phone?’, ‘Yes, is that 
possible?’”  
 As a consequence of knowing exactly what the customers need, creating availability for customers 
becomes necessary. This was an emerging and enabling practice in the remote system case as well as 
in the digital solution case. In the autonomous solution case this practice was not yet performed. 
Interviewees talked about flexibility and modularity as concepts guiding this work, and the ability to 
reach different types of users. The importance of customizing the services was also emphasized by the 
customer participating in the development of the digital solution service: “We have a dark history of 
IT development projects or purchases of IT systems and things like that. Someone is delivering the 
system … and they say: ‘Well, module 1, 3, and 4 fit.’ And there are things in 1, 3, and 4 that are not 
relevant at all, but you receive a tail of things that you don’t know how to handle. And then they will 
say: ‘Yes, but if you get 2 as well, if you also get that part, it will all fit together’. And you end up with 
enormous costs for something that you actually don’t need. I have experienced that so many times.” 
In the digital solution case this situation was avoided through close collaboration with this customer 
throughout the entire innovation project.  
 In the scaling phase the sales of the service will be intensified and sales people in the firm will get 
involved. Motivating the sales force is a practice that needs to be adapted to digital service innovations 
and to avoid the need to continuously manage resistance from sellers, used to selling products. 
“Selling is difficult. I can see the sellers we have, they have sold machines, they have sold iron, steel, 
and rubber and they are still thinking in that way. It’s something completely new, to sell this (the digital 
service) to customers. To first listen; ‘what is your problem?’, and then solve it and finally get paid.” It 
is visible in the data that companies tend to employ new sellers that can easily learn how to sell 
services, or that have the wanted qualities needed to sell services. 
 Once developing the service, reaching the installed base is a main enabler to reach service growth, 
but it can be difficult finding out how it should be done: “But it does not help in retrospect. That's what 
my problem is now, that I have lots of machines out in the world that can’t connect to this 
automatically, but it’s a potential that’s really huge out there.” In both the remote system case and 
the digital solution case all new machines are equipped with the necessary technology. Whereas in 
the digital solution case the project team developed selling arguments for dealers to use when talking 
to end customers, a manager in the remote system case explained: “In this company it goes like this: 
you show possibilities and then there is a seller who hear about them, and all of a sudden we’ve sold 
this remote support in a project.” 
 Finally, the digital solution case showed an emerging practice related to the fact that the service 
innovation was separated from the firm’s product. Therefore, reaching external brand customers is a 
new practice emerging in the scaling phase. One example is from the digital solution case, which 
decided to create a separate company for the digital service, to break free from the product and to 
attract new customers. The firm did not want the new service to be connected with the product name, 
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as illustrated in the following way: “Regardless of whether you are driving a competing brand, the 
customer will never feel any difference at all.”  
 

Table 1: Illustration of practices prominent in the different phases of digital service innovation. 
 

Practices Design Replication Scaling Relation to service growth 
Cooperating with partners E E E Prepares for service provision 
Having dialogue with customers E E E Solves a customer problem 
Creating a service mindset.  E E E Prepares for service provision 
Managing the innovation team E 

  
Engages the right individuals 

Managing the internal organisation C 
  

Prepares for value capture distribution 
Initiating new service ideas E E 

 
Solves a customer problem 

Rethinking the innovation process E 
  

Engages partnership collaboration 
Using resources 

 
C E Solves a customer problem 

Obtaining resources E E 
 

Prepares for service provision 
Creating a business model 

 
E 

 
Prepares for value capture distribution 

Facilitates customers value creation 
  

E Solves a customer problem 
Creating availability for customers C 

 
E Prepares for customizable solutions 

Motivating the sales force 
  

E Prepares for service-orientation  
Reaching the installed base C 

 
E Prepares for service provision 

Reaching external brand customers C C E Separates service from product 
 

5. DISCUSSION AND CONTRIBUTION 
This study has several theoretical and managerial implications for digital service innovation in 
manufacturing firms. First, our research confirms previous research on digital servitization  that has 
identified practices for service growth such as the importance of cooperating with partners, creating 
a service mindset and receiving top management support (e.g. Tronvoll et al. 2020; Sjödin et al., 2020; 
Kohtamäki et al., 2021). This is an important contribution, since our study complements existing 
research by studying digital servitization on the individual service level that adds support of existing 
knowledge. Our findings particularly contribute by illustrating how these bundles of practices are key 
for service growth throughout the service innovation process. On the individual service level, there 
are mainly practices enabling service growth, which provides further empirical evidence that it often 
is when the individual services face the mixing barrier on the organizational level (Gebauer et al., 2020) 
that service growth is hampered. Further, by applying practice theory we illustrate that one reason 
manufacturing firms struggle with service growth is linked to the difficulties of changing practices 
(Jarzabkowski, 2004; Schatzki, 2019). The constraining practices need to be replaced by enabling 
practices to grow digital service growth.  
 Second, we add to existing research by identifying practices specific for digital service innovation. 
One of the key constraining practices concern installing IoT sensors in products and ownership of 
digital data. Ownership of digital data becomes constraining already in the replication phase, while 
installing of IoT sensors becomes constraining in the scaling phase. This research shows that 
innovation of digital services is dependent on specific practices to service growth that have not been 
identified in previous research on service innovation in manufacturing firms. Most studies on digital 
servitization focus on that digital service innovation creates a closer relationship between the product 
and the digital services, where the manufacturer has control over the digital data and as a 
consequence service provision (Gebauer et al., 2020). In contrast, our research identified that service 
innovation can develop digital services that are independent of the product and even the brand, i.e. 
service growth does not become dependent on the installed base and the brand associated with it.    
 Third, by focusing on identifying and describing practices of the service innovation process that 
enable or constrain service growth, we argue that different phases call for different practices. Hence, 
although the same practice may be visible in all phases, some seems to be more prominent in certain 
phases and their relation to service growth may switch from enabling to constraining between the 
different phases of the service innovation process, i.e. switching practices. Two examples of switching 
practices are Managing internal organisation and Reaching external brand customers. To illustrate the 
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latter, being able to create a separate brand for the digital service was found to constrain service 
growth in the design and replication phases, but enabled growth in the scaling phase since it helped 
the manufacturer to reach a larger customer base and not being tied to its own brand and installed 
base. To identify such switching practices across the phases of the service innovation process are key 
for succeeding with service innovation, since they can aid manufacturers to pinpoint what changes 
are needed to grow the service business. 
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SALESPEOPLE DRIVING SALES GROWTH FOR SERVITIZATION – THE ROLE OF ICT USE, NETWORKING 
SKILLS, AND BUYER-SELLER RELATIONSHIPS  

Eva Lexutt, Konstantinos Rigopoulos 

ABSTRACT  
Purpose: The purpose of this study is to examine how salespeople drive service sales, by employing 
their networking skills to build customer relationships, and how the use of ICT in support of the sales 
process influences this relationship, throughout different phases of the servitization process.  
Design/Methodology/Approach: The research design includes an experiment with panel data 
measuring the same constructs over a period of time. To capture different phases of the servitization 
process, the experiment consists of four rounds: the beginning, where only products are sold; early 
servitization, where some basic services are sold; intermediate servitization, with a strong focus on 
product-oriented services; and advanced servitization, with a strong focus on advanced service 
offerings. 
Expected Findings: We postulate that a salesperson’s internal and external networking skills positively 
affect the buyer-seller relationship, moderated by the use of ICT supporting the sales process. The 
quality of buyer-seller relationship, in turn, positively affects sales performance. These effects are 
influenced by the phase in the servitization process.  
Originality/Value: This study contributes to our understanding of the microfoundations of 
servitization success, by demonstrating the importance of salespeople’s internal and external 
networking skills, considering the role of ICT and different stages in the servitization process. 
Methodologically, it advances the field by employing panel data in an experimental approach, 
answering calls for methodological variety and more quantitative, processual approaches. 

KEYWORDS: Servitization, industrial salespeople, buyer-seller relationships, servitization process, 
multiple measurements. 

1. INTRODUCTION
The industrial sales force plays a critical role for successful servitization (Ulaga and Loveland 2014).

The successful transformation from a product- to a service-based business model requires a cultural 
reorientation (Lexutt 2020), which includes salespeople-wide transformation from product sales to 
selling solutions or hybrid offerings (Salonen et al. 2021a). Even though recent reviews acknowledge 
the importance of the micro-level in general (Fliess and Lexutt 2019) and salespeople in particular 
(Raddats et al. 2019), research explicitly focusing on the role of salespeople for successful servitization 
remains sparse. Furthermore, most research is qualitative, case-study based, and does not allow for 
generalizations, causal inferences or theory building (Rabetino et al. 2021).  

A service-savvy salesforce is considered crucial for successful service provision (e.g. Reinartz and 
Ulaga 2008). Through their networking skills, salespeople can mobilize internal assets and build 
connections to their customers through strong networks (Plouffe et al. 2016). Moreover, salespeople’s 
diplomacy helps them become the centre of internal relationships, able to coordinate business 
activities achieving better sales performance (Bolander et al., 2015; Bradford et al., 2019).  

Individual efforts, however, need to be supported by appropriate organizational conditions 
(Salonen et al. 2021a). A significant aspect of the servitization transformation literature examines the 
necessary competencies that companies should have (Ulaga and Reinartz 2011), including ICT use 
competencies (Akaka and Vargo 2014). ICT use can help salespeople better recognize their service 
innovation potential for their product service offerings. Moreover, the connection between ICT and 
service transformation approaches, is critical for the selling companies in their effort to improve 
relationships with their customers by designing innovative service portfolio extensions, aligned with 
their business model (Ardolino et al. 2018).  
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Another aspect is the kind of service offering. It is often argued that hybrid offering sales capability 
(Ulaga and Reinartz 2011) or solution selling are preconditions for successful servitization. However, 
these approaches are mostly relevant for advanced servitization and complex service offerings 
(Kindström et al. 2015), for which a strong relationship to the customer is necessary. At early stages, 
however, servitization entails the offering of simple, product related services (Fliess and Lexutt 2019), 
for which simpler sales approaches might suffice, because the relationship to the customer is not as 
close. 

The purpose of this study is therefore to examine how salespeople drive service sales, by employing 
their networking skills to build customer relationships, and how the use of ICT influences this 
relationship, throughout different phases of the servitization process. To this aim, and to answer calls 
for more quantitative, processual approaches in servitization research (Rabetino et al. 2021) we 
conduct a scenario-based experiment progressing in four rounds. 

The paper is structured as follows: After a brief literature review on the role of sales in servitization, 
we present our conceptual model and build our hypotheses. Then, the experimental research design 
is introduced. As it is a work in progress, the paper concludes with a discussion of the contribution of 
our approach to servitization research.  

 
2.  THE ROLE OF SALES IN SERVITIZATION  

Servitization is defined as the transformational process from a product- and transaction-based to a 
service- and relationship-based business model (Kowalkowski et al. 2017). Such a business model 
transformation encompasses widespread changes throughout the entire organization and also affects 
sales (Salonen et al. 2021a). The sales-related changes discussed in the current servitization literature 
pertain to 1) sales channels, 2) the sales function, and 3) the salespeople.  

Moving downstream in the supply chain is typically associated with servitization, the servitizing 
company usually moves closer to the end-user (Wise & Baumgartner 1999; Brax et al. 2021). This can 
lead to disruptions in established supply chains and networks (Ziaee Bigdeli et al. 2021), as the 
servitizing firm displaces distributors, who traditionally have a closer and more direct contact with the 
end-customer. This contact is essential for servitization, so much so, that the type of sales channel has 
been found to impact servitization success (Jovanovic et al. 2016). In a similar vein, Paiola et al. (2012) 
argue that it is more difficult for small and medium-sized enterprises to enter the service market, as 
they tend to sell through distributors, limiting their access to the installed base and the end-customer.  

The sales function thus plays a significant role in servitization (Kindström et al. 2015). One aspect is 
the organization of the sales function, which is associated with the question of integrating or 
separating the service business from the product business (see e.g. Lexutt 2020 for an overview). The 
right organizational structure enables the sales function to work together with other functions 
(Storbacka 2011), such as service or R&D, which is essential for servitization.  

Furthermore, the focus of the value proposition changes in servitization, from selling multi-million 
dollar products to selling immaterial value propositions in the form of service contracts (Neely 2008), 
with profound effects on value-co-creation (Storbacka 2011). The sales function supports the entire 
value-co-creation process, by working proactively with customers even before a quotation is sent out; 
illustrating the value of the service offering to the customer; and ensuring that all necessary input for 
service delivery is available after the sale (Storbacka 2011). Consequently, the sales function needs to 
be prepared for the servitization induced changes. From a managerial perspective, educating and 
training sales personnel in service orientation and service selling (Paiola et al. 2013), adaptation of 
incentive systems (Bonnemeier et al. 2010) and sales control systems that focus on behaviour and the 
quality of the sales process rather than the outcome (Ulaga and Loveland 2014) are measures to 
ensure a service-oriented sales force. 

At the sales force level, a “service-savvy” sales force is considered a key attribute of a successful 
service provider (Reinartz and Ulaga, 2008). The change from selling material products to selling 
service contracts or hybrid offerings coincides with a change in the sales approach (Kindström et al. 
2015). Specifically, relationship selling (Drollinger and Comer, 2013) and value-based selling (Terho et 
al., 2012) are considered relevant for service selling, particularly for advanced service offerings 
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(Kindström et al. 2015). Another aspect is the development of the right capabilities for selling services 
and solutions. Prominently, Ulaga and Reinartz (2011) argue that hybrid offering sales capability, 
which entails stronger customer involvement and intra-organizational cooperation, is a critical 
capability for offering solutions.  

Overall, it appears that the interplay of individual salespeople and organizational characteristics 
(Salonen et al. 2021a) is crucial for successful servitization, and that this relationship is influenced by 
how advanced the servitization process is. This is examined further in the following section.  

3. CONCEPTUAL MODEL
Sales people are affected strongly by servitization, as they face the challenge of selling immaterial

value propositions instead of tangible products (Ulaga and Loveland 2014). Selling services therefore 
requires different skills and abilities than selling products, one of those being the ability to create 
internal and external networks (Ulaga and Loveland 2014). At the organizational level, Kohtamäki et 
al. (2013) found that networking capabilities enhance the effect of the service offering on sales 
growth. At the micro-level, salespeople need strong cooperation between departments to facilitate 
the integration of resources in the service selling process, as well as strong relationships to many 
different types of stakeholders in customer firms (Ulaga and Loveland 2014). The salespeople’s ability 
to create and support networks within their organization as well as with their customers has a strong 
relationship with their sales performance (Gonzalez, Claro, and Palmatier 2014).  

Especially internal networking has proved to be very effective in utilizing selling company support 
that is needed for the salespeople to influence internal resources helping them take advantage of 
selling opportunities (Bolander and Richards 2018). Recent studies support that salespeople who 
effectively align internal assistance through networking have all the prerequisites needed to offer 
customized problem resolution to customer problems and subsequently improve customer 
relationships (Bradford et al. 2019). It is therefore hypothesized that: 

H1a: Salespeople’s internal networking skills positively impact on the relationship with the 
customer. 

External networking is increasing salespeople job satisfaction while giving access to significant 
market information, regarding best practices and current trends (Macintosh & Krush 2014). Moreover, 
external networking through professional associations can help salespeople find mentoring and feel 
more confident and professional (Hartmann et al. 2012). Information about the market, the current 
business trends and best practices along with good mentoring, may help salespeople perform better 
and subsequently improve their relationships with their customers. We therefore hypothesize that: 

H1b: Salespeople’s external networking skills positively impact on the relationship with the 
customer. 

The relationship with the customer plays an important role in achieving superior performance in 
servitization (Fliess and Lexutt 2019). One key aspect is enabling and motivating customers in their 
role as co-producers, by building a strong, trusting relationship (Tuli et al. 2007). At the organizational 
level, quality of customer relationship is used as a measure of service related performance (e.g. 
Homburg et al. 2003) and has repeatedly been found to positively relate to profitability (e.g. Gebauer 
and Putz 2009). At the salesperson level, a buyer-seller relationship that is based on mutual trust and 
loyalty, can lead to positive relationship performance and reduced relationship management costs 
(Mungra and Yadav 2019). It is therefore hypothesized that: 

H2: A strong relationship with customers positively impacts on service sales performance. 
As boundary spanners with direct customer contact, salespeople have unique customer insight, 

which is considered important for servitization success (Ulaga and Loveland 2014). Knowledge 
management systems and information and communication technologies enable the preservation, 
dissemination and utilization of the information gathered (Leoni 2015), thus supporting the service 
selling process. Customer-centric ICT usage increases salespeople ability to network when the 
effective deployment of business resources, a customer centric ICT usage and a relationship strategy 
focused on the customer, increase the ability of maintaining strong customer relationships (Rapp, 
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Trainor & Agnihotri 2010). Additionally, investments on customer-centric ICT can improve customer 
relationship performance (Trainor et al. 2014). We therefore hypothesize that: 

H3a: ICT use positively impacts on the relationship between salespeople networking skills and 
customer relationship. 

Even with the use of ICT, however, strong interpersonal buyer-seller relationships cannot be 
replaced. Therefore, seller companies have to focus on building strong relationships with their 
customers and deploy ICT to support that through joint customer problem resolution and shared 
insights (Faruquee et al. 2021). However, not all salespeople welcome the increased use of ICT in their 
everyday work (Rapp et al. 2010), with the most experienced of them arguing that it inhibits building 
meaningful relationships with customers (Itani et al. 2020). Being solely connected with the customer 
through advanced ICT may reduce relationship trust and negatively affect relationship performance 
(Faruquee et al. 2021). Therefore, we also test the following hypothesis.  

H3b: ICT use negatively impacts on the relationship between salespeople networking skills and 
customer relationship. 

Figure 1 summarizes this discussion in a conceptual model. 
 

 
Figure 1: Conceptual Model 

 
Research on the role of sales in servitization often focuses on a specific type of service offering, 

primarily advanced services and solutions (e.g. Salonen et al. 2021a; Storbacka 2011). However, the 
transformational process from a product-based to a service -based business model consists of several 
stages (Brax and Visintin 2017). While the number of stages and their conceptualization differ from 
study to study (e.g. Brax and Visintin 2017; Lütjen et al. 2017; Martinez et al. 2017), the notion of the 
product-service continuum (Oliva and Kallenberg 2003) is still popular in servitization research. The 
starting point of the product-service continuum is the product oriented manufacturing business. While 
moving through the different stages, the importance of services in the provider's portfolio increases, 
and more advanced services are added to the basic, product-oriented services (Oliva and Kallenberg 
2003; Vandermerwe and Rada 1988). Even though more complex conceptualizations exist (e.g. Lütjen 
et al. 2017), the kind of service offering is often used as a proxy for different stages in the service 
transition path (e.g. Gebauer et al. 2010; Lexutt 2020).  

The sales process and salespeople required skills arguably differ across different stages in the 
transition process (Ulaga and Loveland 2014). A strong relationship with the customer is considered 
especially important for advanced servitization, which requires information sharing and mutual 
adjustment of processes (Tuli et al. 2007). Advanced servitization entails complex hybrid offerings, 
such as integrated solutions and performance based contracts (Fliess and Lexutt, 2019). However, at 
earlier phases the service offering is usually comprised of less complex services supporting the product 
(SSP, Mathieu 2001), e.g. maintenance and repair of the installed base. While more basic services still 
require customer integration, they are often sold together with the physical product (Kindström et al., 
2015), making the customer relationship less critical.  
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Similarly, the role of information- and communication technologies depends on the complexity of 
the offered services and therefore on the stage of servitization. Intensive communication and 
information sharing between customer and provider as well as between departments are considered 
crucial for successful servitization (Windahl and Lakemond 2010; Kastalli and van Looy 2013). As 
customer-related knowledge becomes more vital as the servitization process advances (Fliess & Lexutt 
2019), so do ICT supporting the dissemination of knowledge. More advanced service offerings also 
entail smart services and remote monitoring, which require greater connectivity and ICT use as well 
(Kamp and Parry 2017).  

Therefore, we test the hypothesized relationships during different phases of the servitization 
process, i.e. for different kinds of service offerings.  

 
4.  RESEARCH METHODOLOGY 

The research design includes an experiment with repeated measuring of the same constructs over 
a period of time. Established scales from the literature will be used to measure the constructs. The 
sample consists of sales representatives working in industrial markets, who respond to four 
consecutive questionnaires with a time break of one week in between. Since the servitization process 
phases require months or even years to be completed, the experimental setting imitates the natural 
business setting, creating comparable servitization processes and avoiding respondents’ difficulties 
on recalling each phase (George and Jones 2000).  

A web-based panel survey will be conducted to focus on the dynamics of buyer-seller relationships 
aiming to establish causal relationships between salespeople networking skills, buyer-seller 
relationship strength, and service sales performance. The study will include a four rounds longitudinal 
panel study based on scenarios describing different phases in the servitization process. Following 
Lexutt 2020, the type of service offering will be used as a proxy to capture stages in the transformation 
process. The experiment consists of four rounds: the beginning, where only products are sold; early 
servitization, where some product-oriented services are sold; intermediate servitization, with a strong 
focus on product-oriented services; and advanced servitization, with a strong focus on advanced 
service offerings. 

There is extensive literature on establishing causality, coming from various academic disciplines, 
suggesting several answers on the same questions over time and under dissimilar circumstances as 
the ideal method to assess causality (Woodward 2005; Opp 2010; Glymour et al., 2019). Using panel 
data and by deploying a scenario controlled experiment, this study aims to provide stronger evidence 
on how the sales performance based on services can be improved in alignment with previous studies 
such as Hamerling et al. (2015).  

 
5.  DISCUSSION AND CONTRIBUTION 

As a work in progress, no empirical findings can be reported yet. We postulate that a salesperson’s 
internal and external networking skills positively affect the buyer-seller relationship, moderated by 
the use of ICT supporting the sales process. The quality of buyer-seller relationship, in turn, positively 
affects sales performance. Specifically, we expect that use of ICT strengthens the relationship between 
networking skills and quality of buyer-seller relationship. We expect this effect to be stronger for more 
advanced servitization, which often relies on advanced technologies (Kamp and Parry 2017) as well as 
on strong customer relationships. However, contrary effects might be observed, in case ICT use leads 
to a weaker customer relationship. Furthermore, we expect that the impact of a strong customer 
relationship on service sales performance is stronger for advanced servitization than in early stages.  

This work makes several conceptual and methodological contributions to servitization research. 
First, it explicitly examines the role of salespeople’s networking skills, adding to the microfoundations 
stream in servitization, which postulates that a successful business model transformation needs to be 
supported by individuals with the right skills and competencies (Lenka et al. 2018). We expect to show 
that salespeople’s internal and external networking skills are a critical success factor for servitization.  

Second, it examines the multidimensional role of ICT use. Hunter and Panagopolulos (2015) support 
that salespeople commitment to ICT developments drive customer orientation and sales 
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performance. On the other hand, the increased usage of ICT is not always embraced by salespeople 
who tend to believe that ICT prevents them from building strong and meaningful relationships with 
their customers (Itani et al. 2020). This study will shed light on this controversy.  

Third, it takes into consideration the different phases of the servitization process and examines the 
postulated relationships for different kinds of service offerings. Research on the role of sales in 
servitization often focuses on solutions (Salonen et al., 2021a). However, servitization also entails 
offering basic services like inspection and maintenance, with different implications for sales. By 
examining different kinds of service offerings, we address this research gap. 

Methodologically, this study adds to the scarce quantitative studies in the servitization field. It is 
the first study that will try to establish causal relationships between networking skills, ICT use, 
customer relationship quality and overall sales performance throughout the phases of the 
servitization process, by using quantitative data and experimental research design, enabling 
generalization regardless of industry specific characteristics. By employing a scenario-based multiple 
measurements experiment, it addresses several gaps in the literature. First, experimental research 
provides the most powerful design for testing causal hypotheses (Chambliss and Schutt 2018). In B2B 
research in general, and in servitization research in particular, experiments are underrepresented 
(Salonen et al. 2021b), hindering theory building. Second, the quasi-longitudinal approach, with 
scenarios pertaining to different phases in the servitization process, answers calls for methodologically 
accounting for the processual nature of servitization (e.g. Rabetino et al., 2021). Current research 
rarely looks into the different phases of servitization, partly because the long time-span of 
organizational transformation makes real-time longitudinal analyses difficult for many researchers. 
The approach employed in this study provides a solution for this problem, while acknowledging the 
processual nature of servitization.  

From a managerial perspective, the combination of ICT deployment and networking skills are critical 
prerequisites to safeguard operational buyer-seller relationships and subsequently improve sales 
performance, especially for significant customers and complex servitization processes. Since the 
research approach allows causal inferences, high-quality recommendations regarding the importance 
of salespeople networking skills and ICT use in different phases of the servitization process will be 
possible, aiding in decision making. Specifically, the research at hand will help sales managers to better 
select, train and reward their teams throughout the service transition process. 

 
6.  CONCLUSION 

This paper introduces a conceptual model and research concept to examine how salespeople drive 
service sales by deploying their networking skills to improve the buyer-seller relationship. The concept 
accounts for the use of ICT in support of the selling process as well as for different phases in the 
servitization process. Even though no empirical results can be reported yet, promising contributions 
to servitization research and practice are to be expected. Specifically, the proposed approach 
contributes to our understanding of the microfoundations of servitization success, of the importance 
of ICT, and of accounting for the processual nature of servitization, all of which are expressed research 
priorities (e.g. Raddats et al., 2019; Rabetino et al., 2021). Methodologically, it advances the field by 
employing a multiple measurement, experimental approach, answering calls for methodological 
variety and more quantitative approaches (Rabetino et al. 2021).  
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REVERSE KNOWLEDGE TRANSFER IN DIGITAL SERVITIZATION: A GLOBAL APPROACH TO SERVICE 
PROVISION  
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ABSTRACT  
Purpose: Digital servitization provides new opportunities for manufacturers to compete across 
multiple markets. However, global digital service provision is complex and knowledge intensive, as it 
requires alignment with subsidiaries to ensure adaptation to local customers’ needs. The purpose of 
this study is to understand how manufacturers engaging in digital servitization can leverage reverse 
knowledge transfer (RKT) from subsidiaries to achieve global competitive advantages. 
Design/Methodology/Approach: A qualitative multiple-case study including 43 interviews is used to 
investigate the RKT in three manufacturer-subsidiary cases taking place during the provision of digital 
servitization solution packages in progressive global markets.  
Findings: This study identifies three crucial types of subsidiary generated knowledge namely, digital 
knowledge, customer knowledge, and needs analysis knowledge. Leveraging such knowledge, 
manufacturers are able to mitigate the operational challenges of global digital service provision, and 
realise the benefits in the forms of financial performance, efficient rollout of the digital servitization 
solution, and the expansion of the digital service portfolio.  
Originality/Value: Even though there has been increasing interest of scholars towards global digital 
service provision, there is limited knowledge about how manufacturers manage knowledge flows 
beyond the boundaries of a single market. This study extends current knowledge by focusing on 
manufacturers’ digital service provision in multiple global markets. In addition, by focusing on 
subsidiaries’ perspective, this study brings forward their critical role and impact on the achievement 
of global competitive advantages. This study introduces the concept of RKT in digital servitization 
literature exploring the role and impact of the subsidiary, actor that has received scant attention in 
the servitization literature.  

KEYWORDS: digital servitization, global markets, subsidiary, reverse knowledge transfer. 

1. INTRODUCTION
Increasingly interconnected and evolving markets are forcing manufacturers to develop new
strategies and transform its business models to remain competitive. Digital servitization – the
integration of products and digital services – represents a promising avenue to compete and expand
in such global markets (Paschou et al., 2020). In particular, manufacturers are investing in
opportunities to expand the provision of digital services across multiple markets. Digital services allow
the dematerialisation of resources and automation of processes, reducing the time and financial
investment for managing global operations (Reim et al., 2016). It also enables agility to anticipate
global needs building on the cumulative data of a wide variety of customers (Parida et al., 2015).
However, manufacturers’ global digital service provision requires the alignment of cross-border actors
(Parida and Jovanovic, 2021) and the adaptation to local needs (Gölgeci et al., 2021), increasing the
complexity to succeed.

A particularly relevant aspect of cross-border alignment refers to the coordination and integration 
required between manufacturers’ headquarters and subsidiaries. Scholars have highlighted the 
relevance of customers (Kamalaldin et al., 2020, Raja et al., 2018) and ecosystem actors (Alghisi and 
Saccani, 2015, Kohtamäki et al., 2019, Kapoor et al., 2021) for manufacturers engaging in digital 
servitization. However, little is known about the role of subsidiaries in global markets, where 
adaptation to local needs is required to facilitate long-term growth and expansion (Hakanen et al., 
2017).  
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In this context, reverse knowledge transfer (RKT) from subsidiaries to headquarters arises as a 
crucial aspect for manufacturers’ global digital service provision. Manufacturers need to proactively 
enforce and leverage locally generated knowledge not only to overcome operational challenges, but 
as a way of strengthening its position in the global competitive landscape (Ambos et al., 2006, Jiménez-
Jiménez et al., 2014). Understanding RKT is, thus, a promising avenue to untangle manufacturers’ 
ability to balance the global and local aspects of digital servitization to successfully compete in global 
markets.  

The purpose of this study is to understand how manufacturers engaging in digital servitization can 
leverage RKT from subsidiaries in global markets. In particular, we explore relevant subsidiary 
generated knowledge in specific progressive markets and the benefits of RKT for global digital service 
provision. In doing so, we expand our understanding of an underexplored actor in the digital 
servitization literature, the manufacturer’s subsidiary. Understanding the relevance of subsidiary 
generated knowledge opens the path for future research to better assess the success in global digital 
service provision.  

2. THEORETICAL BACKGROUND
2.1 Digital Servitization: Global digital service provision
Digital servitization solutions represent an avenue for manufacturers to compete in global markets.
For instance, Hartwig et al. (2021) highlights how the emerging data from digital services enables
manufacturers to engage in multiple activities with cross-border partners in an efficient manner.
Similarly, Vendrell-Herrero et al. (2021) argue that the use of specific digital technologies, such as
sensors, in service provision allows to significantly reduce coordination costs in global markets.
However, global digital service provision is also associated with higher complexity and risks, where the
need for local adaptation coexists with the goal of feasible and cost-effective cross-border expansion.

In this context, subsidiaries acquire a relevant role in manufacturers’ global digital service provision. 
Gölgeci et al. (2021) points to the need of closer relationships with local partners who act as 
intermediaries between the manufacturer and the customer. Indeed, customer and market 
knowledge arises as a pre-requisite to build credibility and design new global services (Hakanen et al., 
2017). Thus, manufacturers’ ability to leverage on subsidiaries’ position and experience in specific 
markets represents an opportunity to achieve global competitive advantages. In particular, this paper 
introduces the concept of RKT from subsidiaries to headquarters to explore its impact on global digital 
servitization. 

2.2 Leveraging Reverse Knowledge Transfer (RKT) 
Digital servitization literature has discussed the impact of knowledge as a key asset in the design and 
implementation of service solutions (Valtakoski, 2017). Knowledge becomes even more relevant when 
expanding the provision to global markets, where the manufacturer lacks experience and 
understanding of local customers. In this context, RKT can be conceptualised as the extent of 
knowledge and skills that flow from cross-border subsidiaries to headquarters at home (Nair et al., 
2016). An adequate RKT represents a catalyst to achieve global competitive advantages, where 
specific subsidiary generated knowledge is leveraged to minimise complexity while enabling cross-
border alignment.  

The relevancy and attractiveness of knowledge varies according to the goals and characteristics of 
headquarters. Internationalization literature has highlighted several subsidiary generated knowledge 
types, among which the classification of Gupta and Govindarajan (2000) has been widely recognised 
and adopted. Scholars agree on the relevance of subsidiaries’ procedural knowledge, such as product 
designs and marketing know-how, over that of declarative knowledge, such as financial reports and 
other operational information (Najafi-Tavani et al., 2015). In other words, the knowledge sought from 
subsidiaries is that intrinsic to their local expertise and experience in the specific global market. Being 
digital servitization an underexplored area for RKT, it remains unclear what type of subsidiary 
generated knowledge would be more relevant for global digital service provision.  
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RKT may occur implicitly, be neglected, or be intentionally deployed, with the latest one being the 
most effective way of leveraging RKT to benefit from subsidiary generated knowledge (Kumar, 2013). 
Leveraging RKT has several benefits for global operations, with headquarters known to improve its 
cross-border alignment (Najafi-Tavani et al., 2015), coordination of global strategies (Ambos et al., 
2006), and innovation capacity (Jiménez-Jiménez et al., 2014), among others. This study explores the 
benefits of RKT from subsidiaries to headquarters in the context of digital servitization. 

3. METHOD
3.1 Multiple Case Study
An exploratory qualitative multiple case study of three Swedish-headquartered manufacturers
(mining and forestry industries) pursuing digital servitization in global markets is the chosen method
for this study. Each manufacturer is assessing the provision of selected digital servitization packages
in specific progressive markets by wholly owned subsidiaries. The aim is to examine the RKT taking
place between headquarters and its subsidiary in the real-life and unaltered context of global digital
service provision (Yin, 2014).

3.2 Data Collection and Analysis 
Semi-structured interviews with key informants in the Swedish headquarters and their subsidiaries 
are carried out to uncover the underlying relevance and benefits of RKT in global digital service 
provision. Table 1 provides a summary of informants and number of interviews. Data triangulation is 
accomplished through secondary data and validity is enhanced through the presentation of insights 
to informants demonstrating the trustworthiness and foundations of the findings. Data analysis 
follows an interpretive and iterative process identifying patterns in the data within and across cases. 
Several coding strategies are used to refine and combine the information regarding RKT from 
subsidiaries to headquarters. As a result, three subsidiary generated knowledge types and three main 
benefits for global provision are identified as described in the following section. 

Table 1. Key informants and interviews 

Case A Case B Case C 

Headquarters 

▪ Connected Products
Manager (5)

▪ Business Development
Manager (2)

Headquarters 

▪ Digital Services
Commercialisation (3)

▪ Business Development
Manager (3)

▪ Head of Connectivity (2)
▪ Engagement Manager (1)
▪ Customer Integration (1)
▪ Project Manager (1)
▪ Head of Digital Operation

Services (1)

Headquarters 

▪ Digital Products Portfolio Vice
President (5)

▪ Product Director (2)
▪ Digital Product Development

Manager (1)
▪ Head of Interoperability (1)
▪ Global Portfolio Manager (2)
▪ Digital Services

Commercialisation (2)

Subsidiary 

▪ Implementation
Coordinator (1)

▪ General Managing
Director (1)

▪ Head of Global Markets
Support (1)

Subsidiary 

▪ Digital Services
Implementation (1)

▪ General Managing Director (1)

Subsidiary 

▪ Business Line Manager (1)
▪ Head of Implementation

Centre (2)
▪ Business Line Manager (2)
▪ Customer Centre General

Manager (1)
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4. FINDINGS  
This section describes the three main types of subsidiary generated knowledge, namely digital 
knowledge, customer knowledge and needs analysis knowledge, identified during the data analysis as 
being of relevance for manufacturers’ digital servitization efforts in global markets. In addition, a 
discussion on the main benefits found of RKT for an effective global digital service provision, namely 
financial performance, efficient digital servitization solution rollout and expansion of digital service 
portfolio, is provided (Figure 1). 
 

 
Figure 1. Digital Servitization: Leveraging RKT in Global Markets 

 
4.1 Subsidiary Generated Knowledge 

Digital knowledge refers to the raw data and information reports that are digitally generated as a 
result of the continuous monitoring and analysis of the digital servitization solution. In other words, it 
represents the know-what of the subsidiary with regards to global digital service provision. Product 
monitoring was found crucial for the manufacturer’s understanding of key performance indicators 
(KPIs) as well as the adaptation of parameters to the local infrastructure and site conditions. Similarly, 
customer usage monitoring enables the manufacturer to contrast and compare how specific digital 
servitization solutions are leveraged by customers across markets, highlighting local habits and 
routines. For instance, the Digital Product Development Manager from Case C Headquarters referred 
to the importance of digital knowledge emerging from a pilot project in a global market to assess and 
identify KPIs:  

“The experience from the [global market] team, we had one of the project manager from the [Pilot 
project] joining us. […] you really need to sort out what you're looking at when it comes to the KPIs. 
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That is something that we got help from the [Pilot project], that's how you should collect the data, 
what's needed. […] We're trying to take advice as much as possible.”  

Customer knowledge refers to the experience and learnings acquired by the subsidiary as a result 
of their facing role towards the customer. In other words, it represents the know-how of the subsidiary 
with regards to global digital service provision. Customer relationship management was highlighted 
as crucial to understand and match the local customers’ needs, goals and expectations based on the 
subsidiary’s established closeness and trust. Technical and operational procedures comprise the 
working culture, skills, routines and habits deployed by the subsidiary allowing manufacturers to 
identify global deviations as well as opportunities for improvement. For instance, the Head of 
Implementation Centre from Case C Subsidiary described the RTK via headquarters’ employee 
immersion in the subsidiary’s service provision and posterior application across markets. 

“The customer wants a solution. It's hard for the [Headquarters] to have the whole solution because 
they're not in with the mind and seeing what they want […] We've had people from [Headquarters] 
come and see our system, so they see it running and they can take that elsewhere, so it's a people 
thing, spreading that knowledge.”  

Needs analysis knowledge differs from the previously identified types of knowledge as it does not 
focus on the digital servitization solution, but rather on the subsidiaries’ internal requirements to 
successfully deliver and implement it locally. Role and responsibility distribution addresses the level 
of risk adoption and readiness in the local market for the manufacturer’s planning and prioritisation 
of activities in the global digital service provision. Skills training needs comprises the gaps in 
subsidiaries’ delivery capabilities for the manufacturer’s design of adequate training programs. For 
instance, the Head of Global Markets Support from Case A Subsidiary pointed the need of specific 
training on the digital servitization package developed by headquarters, as they felt a disconnection 
between the digital service functionalities available globally and what they were offering to the 
customers locally:  

“We need much more support, that people can ask for practical case examples, how the [digital 
servitization solution] works, which are the benefits for the customer, what is on offer, what are their 
goals for 2022. There is a lack of information, we need to be more up to date.”  

4.2 Benefits of RKT for Global digital service provision 
Financial performance refers to the economic benefits that manufacturers can capture through global 
digital service provision. Recurring revenue flows emerge through the commercialisation of long-term 
contracts following customers’ readiness and willingness to adopt digital servitization solutions, 
leveraging RKT to assess adoption trends in global markets. Data driven sales are characterised by the 
ability of manufacturers to quantify customer value to reduce the uncertainty associated with the 
intangibility of global digital service provision. For instance, the Global Portfolio Manager from Case C 
Headquarters described the development of a global benchmark based on RKT of digital knowledge 
from multiple markets. Such tool allows headquarters to demonstrate the value of digital servitization 
solutions for specific customers and generate data driven sales: 

“I show the behaviour of the machines that are connected and I can also spot different customers 
and how an average customer would compare to the global average for example. […] I have an 
information advantage. […] This way I can challenge them by teaching them and showing the 
differentiation and then move on to tailor a message for them where it resonates. Then finally, we can 
actually come up with a solution and take control of that sale.”  

Efficient digital servitization solution rollout refers to the engagement and implementation 
benefits that manufacturers can capture through global alignment and coordination. Sharing 
customer onboarding practices reflects manufacturers’ ability to prioritise successful customer 
engagement protocols and routines and replicate them across multiple markets, leveraging RKT to 
assess deviations and identify opportunities for improvement. Ensuring delivery outcomes allows 
manufacturers to match customers’ expectations in the implementation of digital servitization 
solutions, reducing local misalignments and fostering global brand awareness. For instance, the 
Product Director from Case C Headquarters discussed the development of global digital service 
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provision projects, addressing the importance of customer knowledge to avoid implementation 
pitfalls:  

“we cannot just jump in and not understand the customer's operation sufficiently enough that we 
don't specify what is needed and then we end up in these massive projects where there's a huge 
misalignment with what the customer expected to get versus what they actually got, and it was 
because we didn't understand enough their operation and specify the system and then explicitly tell 
the customer what it is we think they need.”  

Expansion of digital service portfolio refers to the innovation benefits that manufacturers can 
capture through the design and testing of service functionalities. Continuous improvements allow 
manufacturers to provide incremental product and software upgrades, leveraging RKT to facilitate the 
adoption of an agile approach to global innovation of digital servitization solutions. Increased 
adaptation to market needs opens the path for the achievement of local customization, increasing 
the differentiation from competitors and facilitating the integration with local customers’ operations. 
For instance, the Business Development Manager from Case B Headquarters explained the interplay 
with subsidiaries to better satisfy specific market needs: 

“I think we've done a massive job in terms of understanding. Now we're working with them in 
[global market]. We've done a massive job over the last two years in trying to understand the market, 
included the [subsidiary units] and how we can use them in the best way” 

 
5. CONCLUSIONS 
5.1 Theoretical Contributions  

This study holds numerous theoretical contributions towards servitization literature in general and 
digital servitization in particular. First, this study is uniquely positioned to contribute to the digital 
servitization literature by expanding the research context from single to global markets. Studies have 
discussed the specific digital capabilities (Vendrell-Herrero et al., 2021) and central activities (Hakanen 
et al., 2017) that enable manufacturers to provide services in global markets. The findings expand 
these views highlighting the critical role and relevance of subsidiaries, whose knowledge enables the 
accomplishment of manufacturers’ global competitive advantages. 

In addition, this study contributes with a comprehensive analysis of the specific types of knowledge 
relevant for global digital service provision. Indeed, whereas most studies exploring RKT and its 
benefits tend to adopt a quantitative approach (Najafi-Tavani et al., 2015, Nair et al., 2016), this study 
provides a richer qualitative understanding of the phenomenon in the context of digital servitization. 
In doing so, we identify a particular type of knowledge beyond commonly discussed know-how, the 
subsidiary’s needs analysis knowledge. As shown by Ayala et al. (2017), knowledge sharing for service 
provision tends to be more intense and demanding to coordinate than product provision. This study 
complements such view, showing how RKT of subsidiary’s internal needs with regards to global digital 
service provision can facilitate effective cross-border coordination through regular assessment of local 
gaps. Similarly, the identification of digital knowledge complements the views of Vendrell-Herrero et 
al. (2021), highlighting the need for real time monitoring data to successfully implement and improve 
digital servitization solutions across multiple markets. Thus, we argue that up to date and continuous 
digital knowledge and needs analysis knowledge should be part of the RKT from subsidiaries to 
headquarters in addition to their known-how.  

Finally, we underline the benefits of leveraging RKT for manufacturers engaging in digital 
servitization. Accordingly, this study contributes to the emerging literature on understanding the 
interplay between headquarters and cross-border actors (i.e., Parida and Jovanovic (2021)) and open 
an avenue to achieve a deeper understanding of the global complexity of digital servitization. For 
example, manufacturers can rely on subsidiaries to test the commercialisation of new digital services. 
Leveraging on RKT to test service innovations may reduce headquarters’ cost, complexity and risk of 
rolling a highly customised digital servitization solution across diverse markets simultaneously, while 
increasing subsidiaries opportunity to assume leading responsibilities in global digital service 
provision. 
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5.2 Managerial Implications 
From a managerial perspective, this study’s findings represent a novel and important contribution for 
practitioners. Digital servitization solutions must address local needs but also remain feasible and cost 
effective for global provision. Understanding the relevancy of subsidiary generated knowledge and 
the benefits of RKT enables managers to better assess and prioritize the role of subsidiaries in the 
successful implementation and expansion of global digital service provision. For instance, an adequate 
RKT could enable an increase in the degree of autonomy of subsidiaries while ensuring cross-border 
alignment with global strategic goals. 

Markets are in continuous change and manufacturers need to be agile to respond and adapt 
accordingly. The study also contributes to management practice by shedding light into the 
attractiveness of specific global markets as testing grounds for digital servitization solutions. We 
suggest that practitioners assess RKT potential as an additional criteria to select those markets where 
there is a higher possibility of leveraging on relevant subsidiary generated knowledge.  

5.3 Limitations and Future Research 
This study is not exempt of limitations. Even though the selection of cases is representative of global 
digital service provision, findings are limited to the type of industry where the manufacturers operate 
as well as by the culture of the selected global markets (Gaur et al., 2019). Future research may be 
done in this area including manufacturers pursuing digital servitization from several 
industries/countries to complement this study’s findings. Another limitation refers to the early stage 
of global digital service provision of the cases, which reflects the need to leverage RKT to establish the 
foundations for future expansion (Xin et al., 2019). A mirroring study exploring RKT between already 
established global service providers and their subsidiaries could be done to uncover new types of 
knowledge and implications for global scalability. 
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DETERMINANTS OF SERVICE REVENUE GENERATION AND GAINS IN COMPANY PERFORMANCE: A 
MICRODATA ANALYSIS 

Eduardo SISTI, Bart KAMP 

ABSTRACT  
Purpose: To examine possible determinants of servitization and their impact on company 
performance in manufacturing companies in Catalonia (Spain). 
Design/Methodology/Approach: We use microdata from the Industrial Survey by Idescat (Catalan 
bureau of statistics). By means of panel data from manufacturing firms we look at their annual 
turnover, the turnover share they obtain from foreign trade, and whether they obtain income from 
services between 2008 and 2018. In function of the respective years, the annual sample contains data 
from 6,705-14,809 companies. Consequently, we screen these firms’ expenditure per employee on 
purchases from external providers of KIBS and R&D services, on intangibles such as IP and PR, and on 
ICT applications. The former are treated as determinants for service business development. In 
addition, we look at productivity levels and company growth evolutions (in employment and sales) as 
possible “servitization premia” (Crozet and Milet, 2017). We control for economic crisis years and the 
size of firms. To estimate causal effects between determinants and service revenue generation, on the 
one hand, and servitization premia, on the other, we apply a Poisson model, among others. 
Findings: Companies with income from service business attain a larger size and grow more than firms 
that obtain no revenues from service provision. From this finding, we infer that larger company size 
correlates positively with "propensity" or "capacity" for servitization. We also find a significant 
difference between firms with and without income from service business when it comes to foreign 
trade: companies with service income are more internationalized, which suggests a positive 
correlation between servitization and internationalization. While we observe how companies with 
service business spend more on external R&D services, on KIBS and on intangibles, such as IP, and ICT 
applications, we only find a significant impact on behalf of IP and ICT investment on company growth 
and productivity gains. Conversely, expenditure on KIBS does not appear to have a statistically 
significant impact on these servitization premia. 
Originality/Value: We foresee fleshing out these findings further and focus their discussion on the 
relationship between the use of KIBS and the level of servitization among manufacturing firms, since 
in that regard our findings seem to be deviant from the state-of-the-art. 

KEYWORDS: Servitization, manufacturing firms, performance 

1. INTRODUCTION
Servitization is understood as a strategic option that manufacturing companies can adopt to combine
their product offer with the provision of services (Vandermerwe & Rada, 1988; Neely, 2008;
Kowalkowski et al. 2017). This strategy has the potential to enhance firms’ competitive position
against those that compete on price (Gomes et al. 2019), fostering loyalty and customer proximity
(Müller et al., 2018; Vandermerwe & Rada, 1988) as well as possibilities to expand firms’ income
sources (Neely, 2009; Kamp et al., 2017; Baines et al., 2017; Rabetino et al., 2018).
Since servitization is a phenomenon that has relevance for industrial companies, to look at territories
with a pronounced manufacturing activity and/or history seems to be of interest. For such localities,
servitization may be a way to keep the industrial fabric competitive or to revitalize it. In this regard,
the region of Catalonia (Spain) provides an interesting environment. In 2020, the manufacturing sector 
contributed 16.4% to the regional gross value added (GVA). Although this remains a higher percentage
than the contribution of manufacturing activities to domestic GVA at the national, Spanish, level, it
used to be considerably higher.
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In evolutionary terms, a decline can be observed since the beginning of the century, coinciding with a 
growing tertiarization of the Catalan economy (Idescat). Consequently, it seems interesting to 
investigate the effects of potential  determinants of servitization and to explore if servitization has an 
impact on performance across different industrial sub-sectors. Thus, the following research question 
is posed: Which factors have a determining influence on the servitization trajectories of Catalan 
industrial sub-sectors and which impact does servitization have on specific indicators of their 
performance? 
In this regard, as an indicator of the level of servitization we use the value of service sales on the total 
turnover of Catalan manufacturing establishments.  
The rest of the paper is divided into four sections. Section 2 presents a review of the literature and 
the development of hypotheses. In section 3, the data sources and methods are described. In section 
4, results are presented, and in section 5, the conclusions are presented. 

 
2.  LITERATURE REVIEW AND CONCEPTUAL APPROACH  
The phenomenon of servitization takes place in a context of general decline regarding the 
participation of the manufacturing sector in the added value of economies, mainly the most developed 
ones. In this regard, Crozet and Milet (2017) argue that this trend is also representative of a blurring 
of borders between manufacturing and services activities, which is not adequately captured by the 
conventional statistical coding of economic activities. Additionally, the increasing servitization is 
related to factors such as the increasing competition for production companies from developing 
countries, the globalization of markets, and changes in customer demands (Lay et al., 2010; 
Matthyssens & Vanderbempt 1998; Wise & Baumgartner, 1999). Consequently, decisions of firms to 
servitize can be motivated by financial, strategic, and marketing drivers (Baines et al. 2009). 
Servitization has gained increasing importance as a field of study over the past 30 years. Accordingly, 
the concept has received, and has been linked to different concepts, such as product-service systems 
(PSS), integrated solutions (integrated solutions, service infusion), or outsourcing. The original 
definition, and the most used one, is attributed to Vandermerwe and Rada (1988), who basically relate 
it to a change in the business model of manufacturing companies. Subsequently, the concept has 
evolved via contributions from other authors who have pointed out the importance of developing the 
necessary capacities to implement these strategies (Baines et al. 2011), and as a transformation 
process (Neely, 2013; Raddats et al., 2019). Also, Pentinen & Palmer (2007) as well as Kindström and 
Kowalkowski (2009) highlight that servitization fundamentally implies a change in the relationships 
between buyers or users and suppliers. 
Offering products and services on behalf of manufacturing firms offers them the possibility to obtain 
benefits that can be grouped into three categories: a) strategic: better positioning in the market, 
avoiding price competition (Gomes et al. . 2019), differentiation from rivals’ value propositions (Baines 
2009); b) financial: diversification of income sources (Neely, 2008; Baines et al., 2017; Rabetino et al., 
2018); and c) commercialization or marketing: through achieving loyalty and customer proximity 
(Müller et al., 2018; Vandermerwe & Rada, 1988; Kamp et al. 2017). At the same time, it has been 
highlighted that servitization processes can be difficult. In this regard, the so-called service paradox 
can be mentioned. It refers to the fact that companies find it difficult to turn the provision of services 
into (financial) returns (Gebauer et al. 2005; Oliva & Kallenberg 2003). A justification for the troubled 
relationship between servitization and (financial) performance that one often encounters is that 
servitization is not for all companies, nor for all sectors, and in particular, that depending on the level 
of technological intensity of the sector, the degree of servitization will be different (Crozet & Milet, 
2017).  
An issue that cuts across this relation concerns the measurement of servitization and the choice for 
indicators of financial return or performance. In the sense that scholars point at the difficulties to 
calculate the financial benefits of the services implemented. Quantitative studies tend to use as a 
measure of the degree (or intensity) of servitization the share of service provision sales in total 
company sales (Lay et al 2010; Gebauer et al. 2005; Crozet & Milet, 2017). The disadvantage of this 
indicator is that it does not allow to distinguish between different modes of service delivery as there 
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is a wide spectrum of possibilities to provide services. After all, servitization is a complex and 
heterogeneous phenomenon across companies. Among the factors that determine the outcome of 
servitization, among others, the conditions of the context in which a firm operates, the activation of 
intangible assets, and the interactions with external agents have been mentioned (Rabetino et al. 
2017; Ayala et al. 2017). Then, if a company operates in a very innovative and competitive 
environment (and its position in the supply chain is under pressure), it is natural that the company 
must adapt and respond to these challenges. Another driver behind servitization can be the 
accumulation of intangible capital stock that it materializes through its spending on research and 
development, investment in computer applications, and the patenting of its innovations (Rabetino et 
al. 2017). Consequently, the following hypothesis is proposed: 
H1: A higher level of intangible assets has a positive impact on the level of servitization of 
manufacturing companies.  
Likewise, the interaction with external agents (especially KIBS) is often considered to be a determinant 
for progress in servitization, which is reflected through indicators such as spending on external 
research and development services and spending on independent professional services (Ayala et al. 
2017). Hence, the following hypothesis is proposed: 
H2: The use of external services has a positive impact on the level of servitization of manufacturing 
companies. 
Ultimately, a relationship that is of interest to analyze is how the level of servitization among economic 
agents influences their (financial) performance, as postulated by Crozet & Milet (2017). 
Altogether, this leads us to present the below scheme as a guide for the empirical analysis to be 
developed in the subsequent sections of this paper. 

Figure 1: Relations between key concepts 

Source: Own elaboration 

3. DATA & METHODS
3.1  Data
Establishment-level data from manufacturing activities between 2008 and 2018 is used in the analysis,
which come from the Industrial Survey by IDESCAT (the Statistical Institute of Catalonia). The total
sample contains 88,738 observations that belong to the manufacturing sector (NACE of two digits 10
to 33). Also, filter criteria have been applied to remove inconsistent observations, such as:
establishments that present a value of 0 on turnover or employees, as well as cases that only present
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data for a single year. With these filters, a database of 73,353 observations is compiled forming an 
unbalanced panel (combination of cross-sectional data from different time periods) . 

3.2 Methods 
We use econometric analysis to determine, on the one hand, the incidence of determining factors (see 
Hyp. 1 and 2) in the ratio of servitization (i.e., sales for provision of services / turnover) among Catalan 
manufacturing companies between 2008 and 2018; and on the other hand, the impact of servitization 
on the performance of companies (i.e., servitization premia). As such, departing from a longitudinal 
database, panel data techniques are applied. Consequently, two estimates are made and the 
specification of the functional form for each of them is presented in the following equations. For the 
first equation, due to the distribution of the dependent variable, a specification of linear fixed effects 
modelling and a specification with a Poisson model is used. For the second estimation, panel data 
models with fixed and random effects are used. 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑒𝑒𝑒𝑒 = 𝛼𝛼 + 𝛽𝛽1𝐼𝐼𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐼𝐼𝑆𝑆𝐼𝐼𝐼𝐼𝑆𝑆𝐼𝐼𝑒𝑒𝑒𝑒 + 𝛽𝛽2𝐸𝐸𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐼𝐼 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐼𝐼𝑒𝑒𝑒𝑒+ 𝛽𝛽6𝐶𝐶𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐼𝐼𝑒𝑒𝑒𝑒 + 𝜎𝜎𝑒𝑒𝑒𝑒 + 𝜀𝜀𝑒𝑒𝑒𝑒 

𝑃𝑃𝑆𝑆𝑆𝑆𝑟𝑟𝑆𝑆𝑆𝑆𝑟𝑟𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑒𝑒𝑒𝑒 = 𝛼𝛼 + 𝛽𝛽1𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑒𝑒𝑒𝑒 + 𝐶𝐶𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐼𝐼𝑒𝑒𝑒𝑒 + 𝜎𝜎𝑒𝑒𝑒𝑒 + 𝜀𝜀𝑒𝑒𝑒𝑒  

The variables used in the analysis are presented in the following table. 

Table 1: Variables 
Type Variable Description Code 

Dependent Servitization  servvices’ sales / turnover * 100 servitizacion 
Employment growth ln(employ.t) – ln(employ.t-1) var_emp_ln 
Turnover growth ln(turnovert) – ln(turnovert-1) var_turnover_ln 
Productivity growth ln(turnover / employ.)t - Ln(turnover / 

employ.)t-1 
Var_prod_ln 

Independents Total expenditures in external services 
by employee 

external services / employmen serv_ext_emp 

Expenditures in external services (R&D) 
by employee 

external services R&D / employmen serv_extrd_emp 

Expenditures in external services 
(profesional services) by employee  

external services PKIBS / employmen serv_extpkibs_emp 

Expenditures in external services 
(advertising) by employee 

external services MKTG / employmen serv_extmktg_emp 

Total intangible assets by employee  intangible assets / employmen intang_emp 
Intangible assets (own ICT) by employee  intangible assets own ICT / 

employmen 
intang_ictown_emp 

Intangible assets (external ICT) by 
employee 

intangible assets external ICT / 
employmen 

intang_ictext_emp 

Intangible assets (patents, concesions, 
etc.) by employee 

intangible assets patents, licences, 
etc./ employmen 

intang_pat_emp 

Other intangible assets by employee activos intangibles otros / employmen intang_othr_emp 
Servitization* 1: if servitización > 0%; if not = 0 serv_dummy 

Control Size ln (employment) employment 

Source: Own elaboration. 

4. RESULTS
In Table 2, the results of the regressions for the determinants in two configurations are presented. On
the one hand, models 1 and 2 include as explanatory variables the total expenses on external services
per employee and the total activation of intangible assets per employee. Model 1 refers to the basic
model with fixed effects, and none of the variables considered has statistical significance; while in
model 2 (Poisson regression), which is apparently more appropriate due to the characteristics of the
dependent variable, the intangible assets indicator is statistically significant and has a positive impact
on servitization. On the other hand, models 3 and 4 use as explanatory variables indicators of external
services and intangible assets in a "disaggregated" way. As can be seen, none of the variables related
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to external services per employee have statistical significance; while the variable that is indicative of 
investments in intangible assets of external ICT applications has a positive and statistically significant 
impact on the two models considered. Meanwhile, also investments in intangible assets like patents, 
concessions, licenses, etc. has a positive incidence and is statistically significant in the Poisson model. 

Table 2: Servitization determinant’s results 
Vble.dep: servitization (2008-2019) 

FE (1) POISSON (2) FE(3) POISSON(4) 

serv_ext_emp -0,0003 -7E-05 

0,0003 4,9E-05 

serv_extrd_emp -0,06 -0,0108 

0,0415 0,0068 

serv_extpkibs_emp -0 -0,0002 

0,0019 0,00017 

serv_extmktg_empl -0 -0,0018 

0,0052 0,0023 

intang_emp 0,00708 0,0007 *** 

0,0043 0,00024 

intang_ictown_emp -0,01 0,0014 

0,0087 0,0018 

intang_ictext_emp 0,01 ** 0,0009 *** 

0,005 2,6E-05 

intang_pat_emp 0,016 0,0007 * 

0,0123 0,00034 

intang_othr_emp 4E-04 0,0004 

0,0144 0,001 

employment -0,0501 -0,008 -0,05 -0,0077 

0,3761 0,02179 0,3744 0,02172 
_cons 13,68 *** 13,69 *** 

0,9919 0,9868 

n 73353 43842 73353 43842 

F/Wald 12,59 *** 167,17 *** 9,4 *** 184,33 *** 

R2 0,0034 0,003 0 

Standard errors below corfficients 

*** p<0.01, ** p<0.05, * p<0.1 

Source: Own elaboration. 

Table 3 presents the results of the estimations regarding the incidence of the binary indicator for 
servitization in three performance indicators. First, regarding the incidence in the variation of 
employment, it can be observed that there is a positive incidence in the model with fixed effects, and 
employment (size) has a positive and statistically significant incidence. Second, considering the 
variation in turnover as the dependent variable, the binary indicator is positive and statistically 
significant, as is the employment (size) indicator in both specifications. Finally, related to the variation 
in productivity, in both the fixed effect and random effects model, the binary indicator has a positive 
and statistically significant incidence; while the employment (size) control variable is also statistically 
significant, but has a negative incidence in the random model. 
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Table 3: Performance results 
Vble.dep: var_emp_ln 

 
var_turnover_ln var_prod_ln 

FE RE FE RE FE RE 

serv_dummy 0,01437 ** -0,0014 0,03707 *** 0,0173 * 0,02269 * 0,02062 ** 

0,005997 0,0052 0,01344 0,0093 0,0123 0,0081 
employment 0,7897 *** 0,1333 *** 0,7585 *** 0,0925 *** -0,03118 -0,021 ***

0,0147 0,0038 0,0358 0,0053 0,02932 0,0036 
_cons -2,101 *** -0,2713 *** -2,0452 *** -0,5113 *** 0,05577 -0,2455 ***

0,1675 0,0806 0,2723 0,0293 0,2276 0,0947 

n 54657 54657 54657 54657 54657 54657 

F 0,0059 

R2 0,46 0,237 0,1497 0,0388 0,00756 0,018 

Standard errors below coefficients 

*** p<0.01, ** p<0.05, * p<0.1 

Source: Own elaboration. 

5. CONCLUSIONS
The objective of this paper was to analyze the state of servitization in the Catalan manufacturing
fabric, which factors influence its evolution, and whether servitization impacts on performance
indicators.
While we observe how companies with service business spend more on external R&D services, on KIBS 
and on intangibles, such as IP, and ICT applications, we only find significant impact on behalf of IP and
ICT investment on company growth and productivity gains. Conversely, expenditure on KIBS does not
appear to have a statistically significant impact on these servitization premia (Crozet & Milet, 2017).
These results are in line with those of Crozet and Milet (2017) in the French case, although they divert
from those of Castellón-Orozco et al. (2020) who found a negative incidence based on a sample with
927 Spanish companies. Fact is, though, that the performance variables this latter study used are
different and that it deployed a cross-sectional sample.
In addition to the above findings, our analyses show that companies with income from service business 
attain a larger size and grow more than firms that obtain no revenues from service provision. From
this finding, we infer that larger company size correlates positively with "propensity" or "capacity" for
servitization. We also find a significant difference between firms with and without income from service 
business when it comes to foreign trade: companies with service income are more internationalized,
which suggests a positive correlation between servitization and internationalization.
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ABSTRACT  
Purpose: The present study intends to extend the discussion about transition towards autonomous 
systems by outlining and reviewing the existing literatures on ecosystems, product-service-software 
business models and related product-service-software technologies. We extend the existing discussions 
on transition towards autonomous systems by conducting the review by using a configurational research 
approach, identifying gaps between the relevant literatures, and suggesting avenues for future studies. 
Design/Methodology/Approach: Systematic review 
Findings: The study maps the digital servitization literature, generates a typology of five business model 
configurations, and an integrative digital servitization path towards autonomous solutions.  
Originality/Value: We contribute to the discussion about the digital servitization by analysing the interplay 
between the ecosystem structure, business model configurations, and technological interfaces. 
KEYWORDS: Digital servitization, business model configurations, Ecosystems and networks, Product-
Service Systems (PSS), Business model innovation, Platforms and Sustainability 

“ This recommended practice provides a taxonomy for motor vehicle driving automation systems that 
perform part or all of the dynamic driving task (DDT) on a sustained basis and that range in level from 

no driving automation (level 0) to full driving automation (level 5).” 

1. Introduction
Variety of industry sectors are moving towards autonomous operation, such as the car industry, or
transportation industry providing some of the prime examples. The direct quote comes from the SAE
international’s publication, which has published the six level-criteria for motor vehicles used on-road. The
publication intends to guide manufacturers in developing autonomous vehicles, and indeed, some
governance is needed in this macro-micro interplay between the environment and firms. The transition
towards autonomous solutions can be coined as digital servitization, particularly when we mean the
product-manufacturer’s transition from pure products towards product-service-software systems. This
transition involves large number of firms, public, and non-profit actors, their effective collaboration to
enable the functionality of autonomous machines, e.g. vehicles. The transition has been recognized being
far from easy, and much more difficult most could ever anticipate. Yet, the transition is ongoing, and some
could claim, inevitable. Digital servitization covers both the institutional structures within industries, and
ecosystems, but particularly at the micro-level of firms and their business models. For firms, this transition
is critical and creates new market opportunities for business models and product-service-software
technologies that can integrate to new business ecosystems. Regarding strategy and business theory, this
transition is particularly interesting, as from the firms it requires capability to create micro-level processes
to create and meet the standards at the macro-level. At the level of offerings, the transition requires
effective integration between products, services, and software. For this integration, the present study uses
the concept of digital servitization, which combines the perspectives around strategy and business model,
service technologies, and ecosystems (Kohtamäki, Rabetino, Einola, Parida, & Patel, 2021; Thomson,
Kamalaldin, Sjödin, & Parida, 2021).

The transition towards autonomous solutions is driven by the desire to develop the productivity and 
quality of product-service systems and their operation. The transition towards autonomous solutions 

FRAMING THE DIGITAL SERVITIZATION PATH TOWARDS AUTONOMOUS SOLUTIONS 
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critically changes the role of products, services, and software, changing the industry structures, and 
company business logics from product-logics to service-logics (Kowalkowski, Gebauer, Kamp, & Parry, 
2017), eventually creating opportunities for improved sustainability of solutions, e.g. through variety of 
platform-business models, e.g. a car manufacturing company moving from production of vehicles as its 
main business towards provision of a platform that enables car-sharing services. As the transition towards 
the autonomous cars is still in its early stages, we have relatively little research nor theorizing on the 
interplay between business models, technologies and ecosystems during this transition (Thomson et al., 
2021). Thus, this transition is particularly challenging, as it does not touch only the firm-level activities, but 
requires, like many technological changes, an effective interplay between environment (ecosystem), 
strategy (business model) and structure (product-service-software technology). Thus, it is the business 
model configuration that has to be fitted with the opportunities provided by the technological 
development, and the contingencies of the business environment, the institutional macro-environment 
and structures interplay with the business model configurations and within firm micro-activities. The 
research around these topics is scattered to different topical areas, and very little integrative efforts have 
been conducted regarding the transition towards autonomous solutions. This lack of integrative efforts is 
a particularly important drawback, considering the gravity of integration needs in this field of autonomous 
solutions. For the need of integration, when transitioning towards autonomous solutions, the centre point 
of analysis is the product-service system (PSS), or in other words, product-service-software systems, as 
underline by many highlighting the increasing role of software a part of the firm’s offering (Coreynen, 
Matthyssens, & Van Bockhaven, 2017; Kohtamäki, Parida, Oghazi, Gebauer, & Baines, 2019). Product-
service-software systems are part of digital servitization, which is the transition from pure standalone 
products towards autonomous product-service-software system. The concept of digital servitization 
business model builds on the servitization literature, which originally denoted the transition from product-
logic to service-logic, a conceptualization relevant today when we consider the business models in 
autonomous solutions. While the literature has been expanding regarding the servitization and digital 
servitization literatures, very few works have been done to stretch the theorizing until autonomous 
solutions (Thomson et al., 2021; Tsvetkova, Hellström, & Ringbom, 2021). Therefore, a call exist to build 
understanding on the transition towards autonomous solutions, to integrate the perspectives from 
ecosystems, business models and technologies. 
 
The present study concentrates on scrutinizing the digital servitization literature, providing an overview 
about the journey towards autonomous solutions to answer the following research question: What are 
the characteristics of business model configurations, technologies and ecosystems in the path towards 
autonomous solutions? Building on the previous literature, we intend to outline the characteristics of 
business model configurations, technologies and ecosystems based on the existing literature on digital 
servitization, complemented by specific literature on autonomous solutions, and ecosystems. We intend 
to contribute to the discussion about the digital servitization business model, by searching and reviewing 
the digital servitization literature, to scrutinize the concept of digital servitization, and discuss the interplay 
between the two constructs. We review the business model concepts in digital servitization to define a 
typology and unfold the various business model configurations. We take a critical perspective on the 
existing knowledge base and present suggestions for future research. 
 
2. Review methodology and description of data 
For the study, we conducted a search of articles based on two search strings, servitization and 
digitalization, digitalization covering terms related to autonomous solution. We used the following two 
strings of servitization and digital, with servitization keywords including "service infusion*", 
"servitization*", "servitisation*", "service transition*", "service transformation*", and digitalization 
including "digital", "internet-of-things", "internet of things", "IOT", "remote", "industry 4.0", "smart 
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solution", "smart product", “autonomous solution*”. The search produced 221 hits, which we used for 
further analysis, as these papers put significant attention to digitalization in the context of servitization of 
manufacturing companies. We complement the discussion about the digital servitization studies by adding 
some seminal papers on servitization, as the classic servitization and Product-Service Systems can provide 
significant depth to the discussion about business models and the transformation process. 
 
3. The conceptual evolvement of the digital servitization towards autonomous solutions 
3.1. Evolvement of the digital servitization concept towards autonomous solutions 
The roots of the digital servitization concept can be seen in the servitization literature, which got initiated 
at 1988 when the concept was first used by Vandermerwe and Rada (1988). Since then, multiple related 
concepts have been created, such as the product-service systems (PSS), integrated solutions, and 
customer solutions, amongst others (Rabetino, Kohtamäki, Brax, & Sihvonen, 2021). Digital servitization, 
and PSS literatures begin from the offerings, and value creation logics, as the starting point for the 
literature was the transition from product-logic (emphasis on the product) to service-logic (emphasis on 
the value). Product-service-software adds the software element to emphasize its role as a core component 
of the offerings, in the digital era. The role of data has been part of the servitization literature since its 
infancy, but recently, scholars have begun reclaiming the emphasis on digitalization and software, to 
reflect the rapid change in manufacturing companies towards digital solutions and architectures 
(Kohtamäki, Parida, et al., 2019). Figure 1 illustrates the evolvement of the digital servitization literature 
starting from the servitization and PSS literatures, and the interplay between digitalization and 
servitization – At the upper left side, the figure depicts the digital-related concepts, while the lower right 
side illustrates the servitization concepts – these equal to digital servitization. The figure illustrates the 
emergence of digital servitization. 
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Figure 1. Evolvement of the digital servitization concept. 
3.2. Defining digital servitization and autonomous solutions 
The concept of digital servitization has been evolving in an interplay between digitalization and 
servitization. It is the interaction between digital technology and servitization that enables an increase in 
sales and profits. While digitalization provides a critical technological enabler for new types of smart 
solutions, services provide the means of capturing the value from digital technologies.  
 
As suggested in previous studies, conceptual richness is vast. There are many concepts in this conceptual 
sphere known as digital servitization, which denote product technologies, software and data, and 
servitization and services. The roots of the digital servitization discussion are in servitization research, 
where the studies have previously approached the role of software through the concepts of remote 
monitoring technology, and remote diagnostics (Brax & Jonsson, 2009; Grubic, 2018). Porter and 
Heppelmann (2015) used the concept of smart products, and some have suggested the concept of smart 
solutions, to integrate better the product-service-software system (Kohtamäki, Parida, et al., 2019). The 
figure 1 suggest autonomous solutions as a one kind of future state of solution automation – how 
autonomous some solutions may become, is another question, as discussed by SAE International (2013: 
26). As a term, autonomous refers to e.g. solutions “that have the ability and authority to make decisions 
independently and self-sufficiently. Over time, this usage was casually broadened to not only encompass 
decision making, but to represent the entire system functionality, thereby becoming synonymous with 
automated. This usage obscures the question of whether a so-called “autonomous vehicle” depends on 
communication and/or cooperation with outside entities for important functionality (such as data 
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acquisition and collection). Some driving automation systems may indeed be autonomous if they perform 
all of their functions independently and self- sufficiently, but if they depend on communication and/or 
cooperation with outside entities, they should be considered cooperative rather than autonomous.” This 
notion is important, when we consider the usage of the term autonomous, since in many occasions, the 
solution is not fully independent on the interaction with other outside systems, but is interacting with 
other systems, and systems of systems. Scrutinizing the content digital servitization business models 

3.3. Understanding the digital servitization business models 
Table 3 demonstrates business model typologies from servitization and digital servitization research, from 
which we selected a few examples. When we analyzed the already published articles on digital 
servitization, we counted 58 of those 221 studies using business model as a central concept in title, 
abstract or keyword, which provides is some quantitative ground to understand the gravity of the business 
model concept in the digital servitization literature. To understand the variety of use in the business model 
concept within the literature, we decided to map the studies for the business model dimensions they use, 
idea typical business models they suggest, and the primary findings they have. The concept of ideal typical 
we draw from Max Weber, who used the concept of ideal typical to denote a concept, in this case business 
model, to describe something that is an ideal description of a specific type in an empirical reality, to create 
a series of types, which is coined as a typology.  

Table 1. Business model typologies from servitization to digital servitization research. 

Study Business model 
dimensions 

Ideal typical business 
models 

Findings 

Gebauer, 
Edvardsson, 
Gustafsson, & 
Witell (2010) 

1) Organizational design
factors
2) Human resource
management
3) Organizational
structures

1) after sales service
provider, 2) customer
support service
provider, 3) customer
service strategy, 4)
development partner,
5) outsourcing partner

Strategy-structure 
configuration enables 
succession 

Kowalkowski, 
Windahl, 
Kindström, & 
Gebauer, 
(2015) 

1) Business growth,
customer loyalty, stable
revenues
2) Customer demand,
differentiation,
partnership potential,
customer lock-in
3) Scale economies, in-
house resources, potential
to address larger customer
base

1) availability provider,
2) performance
provider
3) industrializer

Firms need to balance growth 
and standardization 
Firms should also manage the 
co-existence of different roles 

Kohtamäki, 
Parida, et al., 
(2019) 

1) Digitalization
2) Pricing logic
3) Level of solution
customization

1) Product provider, 2)
Industrializer, 3)
Customized integrated
solution provider, 4)
Outcome provider, 5)
Platform provider

Paper depicts how digital 
servitization business models 
within ecosystems vary 
regarding strategic 
positioning, strategic identity, 
strategic capabilities, and 
transaction costs. 
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Paiola and 
Gebauer 
(2020) 

1) Services type 
2) Service orientation 
towards technology  

1) Product, 2) Process, 
3) Outcome 

Paper identifies opportunities 
and challenges of process and 
outcome-oriented business 
models in digital servitization 

Frank et al., 
(2019) 
 

1) Servitization levels 
2) Digitalization levels 

1) Customer-oriented, 
2) Process-oriented 

The paper identifies nine 
service offering types and 
provides illustrative examples 

Parida, Sjödin 
and Reim 
(2019) 

1) Value creation, 2) value 
delivery and 3) value 
capture 

1) Add on services, 2) 
optimization service, 3) 
digital platforms 4) 
outcome based services 

The paper identifies current 
knowledge and future 
research directions for 
digitalization enabled 
business model innovation 

 
Based on previous research, the ideal types identified by the previous studies exist in the empirical world 
and are hence viable. This situation suggests that the equifinality assumption holds in servitization as well 
as in digital servitization, that is various configurations can lead to optimal outcomes – there is no one path 
or trajectory to success (Fiss, 2007; Forkmann, Ramos, Henneberg, & Naudé, 2017; Sjödin, Parida, & 
Kohtamäki, 2016), or failure, suggesting that a company can succeed or fail in so many ways. Thus, when 
building a business model, a company should not only fit the customer need, strategy and structure, but 
also the business environment (Kohtamäki, Henneberg, Martinez, Kimita, & Gebauer, 2019). One of the 
challenges of the existing business model theorizing has been, that it tends to neglect the business 
environment.  
 
Based on the literature, we can identify five business model configurations, which we coin, aligned with 
Kohtamäki et al. (2019) as 1) product provider, 2) industrializer, 3) customized integrated solution 
provider, 4) outcome provider, and 5) platform provider (Table 3). Product provider references to a typical 
product business model (+ add-on services), where a company offers relatively standardized products and 
only add-on basic services. Industrializer refers to a business model, where the manufacturer has 
standardized it’s ‘too often customized offerings’, often offering also maintenance agreements. 
Customized integrated solutions provider refers to a manufacturer providing large, customized solutions 
combined with maintenance agreement and some availability offering (e.g., performance guarantees). 
Outcome provider sells performance instead of products, offering the performance or outcome produced 
by the machinery, e.g., Power-by-the-hour. Platform provider refers to an Über-type of business model, 
where a manufacturer takes a platform operator role, starting to offer a multisided exchange platform 
instead of only products and services, e.g., Alibaba in industrial goods. Figure 2 integrates the components 
of business configurations, technologies, and business ecosystems to the path towards autonomous 
solutions. To extend the maturity framework previously introduced (Thomson et al., 2021), we address 
the integrative development, where the transition is suggested to require integration between the 
components of the business model, related technologies and ecosystem – in the figure we intend to 
address the integration by the primary arrows, which close in and meet in the future (wishful thinking). As 
such, the figure intends not to be conclusive, but suggestive serving as a proposition and a method to 
frame the integrative digital service transition towards autonomous solutions. The figure X below provides 
an overly simplified depiction of the potential configurations including characteristics of the business 
model, PSSS technologies, and the ecosystems. Potential configurations are many, and they are likely to 
mix characteristics from different layers in practice. Then again, this conceptualization may provide some 
starting point for theorizing about the digital servitization towards autonomous solutions.  
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Figure 2. Integrative digital servitization path towards autonomous solutions. 

4. Research directions
Based on the review on the digital servitization literature, some shortcomings in the literature can be
identified, to suggest future research. A business model should find an optimal fit not between strategy
and strategy and structure, but also between business environment and strategy, and business
environment and structure. While the business model literature seems to neglect the business
environment in times, it should not be acknowledged by the digital servitization literature. The interplay
between the macro and micro-dimensions of business can be approached from either perspective. The
institutional theory approaches the interplay from macro –perspective, the macro environment affecting
to micro-behaviors, whereas the practice theory approaches the interplay from the micro-perspective, the
micro shaping the macro. When advancing the digital servitization literature, both angles deserve
attention. For example, what are the challenges, resistances, and how does firms, business units, and
individuals cope with these (Lenka, Parida, Sjödin and Wincent, 2018).

Research direction 1. Macro-level understanding is needed about the institutional challenges faced by the 
manufacturers when moving towards autonomous systems. 
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Future digital servitization research should tap into process research to unfold the activities and processes 
related to digital servitization. In its core, digital servitization is a transformation process for provider and 
customers (Kamalaldin et al., 2020) and it may require a radically different innovation process ensuring 
agility and customer co-creation while stimulating internal capability development (Sjödin et al., 2020). 
Research direction 2. Process research is needed to understand the evolvement of digital servitization in 
manufacturing companies.  
 
We need theories and models to understand the behavioural micro-issues regarding digital servitization 
towards autonomous solutions. The micro-approaches (See Kohtamäki, Whittington, Vaara, & Rabetino, 
2022)  to analyse the transition may involve studies and approaches from behavioural economics, e.g. 
micro-foundations movement or practice theoretical implications (Kohtamäki, Parida, et al., 2019). 
Research direction 3. Micro-level Conceptual tools are needed for the study of servitization business 
model innovations  
 
In transition towards autonomous solution, we should carefully understand the interplay between the 
micro and the macro. This understanding has meaningful implications to the progress of the digital 
servitization journey, which we do not know well enough, currently.  
Research direction 4. Micro-macro interaction in digital servitization towards autonomous solutions.  
 
5. Discussion and conclusions 
Theoretical conclusions 
This paper was set out to become an introduction to the special issue on autonomous solutions. Hence, 
the paper will continue evolve during the coming year to a full paper, intending to shed light on the 
business model configurations from servitization to digital servitization, with emphasis on digitalization of 
servitization business models. Our perspective is configurational highlighting the equifinality of various 
business models – there is more than one potential configuration that can lead to optimal outcomes. As 
argued by the configurational literature, this perspective enables researchers to appreciate the complexity 
of empirical business world. The research journey towards autonomous solutions, or automatically 
operating solutions, is on its way, but there is much work ahead. The present study suggests digital 
servitization as one of the core literature in this journey, which can combine the requires perspectives 
from business model configurations, technologies, and ecosystems to understand the systemic entities 
related to autonomous operation of on-road vehicles, off-road vehicles, ships or other types of product-
service-software systems, or smart solutions. 
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RENEWING SERVICE-CENTRIC BUSINESS MODELS DURING THE TECHNOLOGICAL 

SUBSTITUTION OF COMBUSTION WITH ELECTRIC VEHICLES  

Besma Glaa, Heiko Gebauer, & Lars Witell 

ABSTRACT  
Purpose:  
Technology innovations are intertwined with business model innovations, but this form of innovation 
has yet little profound theoretical understanding. This paper presents the transformation of the 
service-centric business model for technology innovations on electric vehicles.  
Design/Methodology/Approach:  
By relying on a longitudinal, qualitative study together with a European commercial vehicle 
manufacturer, we advance business model theory.  
Findings:  
Technology innovations on electric vehicles make business models not more or less service-centric but 
transform the service-centric business model. We highlight that technology innovations on electric 
vehicles require a directed transformation of the service-centric business model. This transformation 
progresses as a business model innovation along the phases of 1) clarifying the business logic, 2) 
revising the key components in the service-centric business model, 3) and keeping a duality in the 
business models for the product technologies. Each phase unfolds through specific activities, but 
surprisingly the mechanisms differ. Activities in phase 1 follow a distinct sequential mechanism. In 
phase 2, the activities occur iteratively, whereas in phase 3, business model innovation activities 
evolve simultaneously.  
Originality/Value: 
The findings go beyond the previous assumption that in service-centric business models and the 
corresponding product-software-service systems, product technologies remain stable - neglecting 
that (core) technology innovations can lead to a product substitution.  First, we underscore the 
importance of combining technology innovations and business model innovations. Second, we 
develop a process framework on business model innovations for technology innovations.  

KEYWORDS: Business models, business model innovation, Servitization, Digitalization, Technology 
Innovation, Electric mobility. 

1. INTRODUCTION
The need to stop climate change puts pressure on the automotive industry for technological
innovations as well as business model innovations. Technological innovations on alternative engines
are letting combustion vehicles become increasingly substituted with electric vehicles. Additionally,
automotive industry emphasizes business model innovations to shift from product-centric to service-
centric business models (e.g. Kowalkowski et al. 2017, Sjödin et al. 2020). Hereby, service-centric
business models that previously built on after-sales services (such as repair and maintenance) are
becoming associated with the concept of (digital) servitization (such as vehicle fleet management, fuel
advice, assisted driving systems). Investments into digital technologies make vehicles connected and
smart becoming an anchor for smart services (Raff et al. 2020). Digital servitization describes the
strategic shift from selling products to providing product-software-service systems, in a way that
value-in-use rather than value-in-exchange is created (Baines et al. 2017; Kohtamäki et al. 2019).

In the commercial vehicle industry, for example, the core business logic is no longer just about 
selling vehicles but also providing services throughout the vehicle lifecycle. As some anecdotal 
evidence, the four worldwide largest commercial vehicle manufacturer (Daimler, Paccar Volkswagen, 
Volvo) generate about 15 to 25% of their total revenue (120 billion USD) through service s along the 
product lifecycle and the remaining 75 to 85% of their total revenue through new vehicle sales. Since 
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most services are more profitable than product sales, the profit implication is even higher with services 
generating more than 50% of the actual profit (Annual reports, 2020). At the same time, these four 
manufacturers have been heavily investing into electric engine technologies and have started to sell 
electric vehicles for some time now. They also made their vehicles smart and connected allowing them 
to automatize safe vehicle driving. Electric engines do not demand the same level of repair and 
maintenance as diesel engines, that is why the present core business logic need to change.  

Service-centric business models (servitization) and technological innovations are both 
established research fields, but their theories are rarely combined and used together to study 
important research issues. As a consequence, there is an important research gap. Literature on 
service-centric business models rarely considers the possibility that technological innovation will 
change the core product technologies within the product-software-service system. The literature is 
occupied with technology innovations on advanced, smarter, and more connected products and can 
be used for (digital) services and software applications enabling more service -centric business models 
(e.g. Kohtamäki et al. 2019). But besides such technology innovations, there are also product 
substitutions, i.e. a new, alternative product technology replaces an existing core product technology. 
In the abovementioned commercial vehicle industry, such a product substitution would be the 
replacement of combustion with electric vehicles. The implications of a change in the core technology 
for a firm is well-known (Utterback, 1996), but there is no knowledge how it influences service -centric 
business models.  

Further, there is still little knowledge about the impact of such product substitution on the 
business model innovation process. If the product substitution is disruptive, literature highlights three 
possible processes for innovating service-centric business models: i) incremental evolution, ii) directed 
transformation, and iii) radical replacement. These processes differ in their degree of modifications in 
the value proposition, value creation, and value capture, as the key business model components, for 
achieving a better coherence of the business model with new product technologies. But existing 
research says too little about the process of business model innovations during product substitution. 
Should product substitution be accompanied by an incremental evolution to a less or more service-
centric business model, a directed transformation to different business models for the existing and 
new product technology, or by a radical replacement of service-centric business model with a new 
business model? 

Confronted with such open questions, this paper develops insights into the process of innovating 
the service-centric business model. The research context is the commercial vehicle industry. Here, a 
single, longitudinal case study was conducted together with a European commercial vehicle  
manufacturer. This vehicle manufacturer introduces a new generation of electric vehicles for 
substituting existing combustion vehicles. Data was collected through observations, interviews, and 
focus groups over a period of five years, thereby capturing the process of business model innovation. 
In particular, the present research studied (1) the process of business model innovation for the service-
centric business model during a core product technology substitution; (2) the interplay between the 
service-centric business model for the old and new core product technology.  

2. THEORETICAL BACKGROUNDS
2.1 Service-centric business models in product companies
The shift from product-centric to service-centric business models represents a crucial business model
innovation for any industrial manufacturers (Khanagha et al. 2014). Service-centric business models is
a specific form of business model innovation as product and service offerings evolve from a simple to
a more advanced service portfolio (Parida et al. 2015; Ulaga and Reinartz 2011).

They are a specific phenomenon within a much bigger trend toward more services, more tailored 
solutions, more customer-centricity, and more usage, performance or outcome-based payment 
schemes that have emerged and grown during the past decades. Product companies are already 
aware that, with the advances in technology, product technologies become cheaper, more widely 
available, and less important as a source of differentiation, and customers will be willing to pay only 
for the value and services that they actually use. 
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The transition from products to services has been described through the concept of servitization. 
Servitization describes, in general, the shift in a product firm moving away from only providing 
products to providing advanced solutions consisting of products, services, and software. It is about 
moving away from providing value-in-exchange to creating value-in-use (Sjödin et al. 2020). Instead 
of buying products, customers want to receive the value inherently offered by the product use, thus 
consuming it as a service (Tukker 2004). Servitization entails a transformation journey, which is deeply 
rooted in the product company's value-generating mechanisms and acts as a manifestation of the 
firm's business strategy (Kastalli and Van Looy 2013). 

Lately, servitization research has proposed a convergence between servitization and digitalization 
leading to the concept of digital servitization (Baines et al. 2017; Kohtamäki et al. 2019). Digital 
servitization entails product-software-service systems enabling value creation and capture, for 
example, through monitoring, control, optimization, and autonomous function increasing customer’s 
value-in-use even further (Kowalkowski et al. 2017; Sjödin et al. 2020). Taking a (digital) servitization 
perspective, service-centric business models represent a business logic in which (digital) services 
become a vital part in the overall business logic. This logic has been typically expressed through 
financial indicators about the share of service revenue. Service-centric business models facilitates 
service revenue growth, where services generate an increasing share of a company’s total revenue 
(Reinarts and Ulaga 2008). Such service business growth can succeed not only with a single service-
centric business model but through various configurations of business model components and set of 
capabilities (Forkmann et al. 2017). 

Service-centric business models sustain if the configuration of value proposition, value creation, 
and value capture is internally consistent (Forkmann et al. 2017). In a service-centric business model, 
the value proposition is steered toward companies integrating product, software and services into 
customized, tailored offerings that solve complex and strategically important customer problems and 
improves customer performance (Davies et al., 2006; Ulaga and Reinartz 2011). The perceived value 
is more than the sum of its product, software, and service components (Evanschitzky  et al. 2011). 
Service-centric business models alter value propositions by ensuring product availability, uptime, and 
performance throughout the product life cycle (Ulaga & Reinartz 2011).  

2.2 The process of innovating service-centric business models 
While servitization research is steadily advancing, few studies have gone as far as to investigate the 
business model innovation process for service-centric business model. Four noteworthy exceptions 
have contributed important knowledge that needs to be considered. These include i) a description of 
business model renewal when moving from a product-centric to a service-centric business model in 
telecommunication industry (Khanagha et al. 2014), ii) a process view on outcome -based business 
models (Sjödin et al. 2020), iii) dual business model combing product and service business logics 
(Visnjic et al. 2021), iv) framework on business model innovations for converting digital services into 
revenue enhancements in the equipment manufacturing industry (Gebauer et al., 2021).  

Considering the first contribution, the shift from product-centric to a service-centric business 
models as occurring in five phases: 1) screening and speculation, 2) embedded experimentation, 3) 
independent organization, 4) small independent organization, and 3) dissolution of the independent 
organization. Each phase starts with a specific strategic intent, contains different roles and structures, 
and lead to certain outcomes (Khanagha et al. 2014). Second, three process phases on 1) value 
proposition definition, 2) value provision design, and 3) value-in-use delivery – all three unfolding in 
collaboration with the customers – shape the process of business model innovations for outcome-
based services (Sjödin et al. 2020). Third, such processes might not necessarily lead to a complete shift 
from product-centric to service-centric business models or from product-centric to outcome-based 
business models, but could entail a dual business model maintaining both the product and service 
logics (Visnjic et al. 2021). Fourth, following three phases of business models dynamics turn digital 
offerings into revenue enhancements: 1) augmenting products through a “hardware plus” logic, 2) 
developing a portfolio of multiple business logics for creating customer value, and 3) integrating this 
portfolio through platform logic. While confidence, mixing, and collaboration barriers can limit the 
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progress, modifications of key components in the business model facilitate progress from along the 
progress from along these three phases (Gebauer et al. 2020).  

These contributions have been important in the development of service-centric business models, 
but they are all based on the assumption that the core product technology is unchanged. The present 
study challenges this underlying assumption and studies the business model innovation  processes for 
service-centric business model when technology innovations lead to a substitution of an old with a 
new core product technology. 

2.3 Product substitution as a technology innovation 
An incremental evolution of the service-centric business accompanying the product substitution 
would offer the advantage of leveraging the already existing and successful configuration of key 
business model components to the new product technology. But incremental evolution of these 
components might also have the disadvantage of not being coherent enough for the requirement for 
the new product technology. 

Directed transformation would allow to more modifications in the business model components 
leading to a better coherence with new product technologies. But more modifications have also the 
disadvantage of being quite risky when the individual modifications in the value proposition, value 
creation, and value capture might fail or that the entire modifications might lead to possible 
misalignments among the business model components.  

Radical replacement of the existing service-centric business models with a new business model 
has the advantage of fully aligning the new product technology with the new business model. But 
radical replacement makes it difficult to cope with the interrelationships between new and, already, 
installed products within the service-centric business models. Commercial vehicles have a lifetime of 
about 15 years leading to a ratio of new vehicle sales and existing vehicles of 1 to 15. These existing 
vehicles determine the size service opportunities throughout the vehicle lifecycle. When electric 
substitute electric vehicles, the substitution might occur quite rapidly in the new vehicle sales and 
rather slowly among existing vehicles. Even if companies sell only electric vehicles, the existing 
combustion vehicles let companies stick to service-centric business models for longer time. Radical 
replacement of the service-centric with a completely new business model might not work. 

In other words, existing research says too little about how the process of business model 
innovations unfold when electric vehicles substitute combustion vehicles. This leads to the research 
question that we seek to answer in this research: How do product companies modify their service-
centric business models when substituting an existing product with a new product technology?  

3. RESEARCH METHOD
This research is based on a single-case study of a major European commercial vehicle manufacturer.
We refer to the company by the pseudonym Truck Inc. In 2020, Vehicle Inc. generated about 24 billion 
USD in revenues. It operates a large number of sales subsidiaries and dealerships selling commercial 
vehicles (e.g. light to heavy-duty trucks, city to long-distance busses). The company was relying 
heavily on combustion trucks and its large installed base of combustion trucks triggered the shift 
toward service-centric business models. Truck Inc. has started to take leading position also for electric
vehicles.

The authors conducted a study based on a qualitative research methodology (Eisenhardt, 1989), 
involving an inductive study in the period from 2018 to 2021. This allowed direct observation of key 
ingredients of the corporation’s main renewing process for its service business. This setting was 
chosen on conceptual grounds rather than for its representativeness (Miles and Huberman, 1994), 
so we focused the process of business model innovations during the technology innovations leading 
to the substitution of combustion with electric vehicles. The aim was to select a setting that would 
provide a fertile ground to understand and study renewing the service business. 

Data collection and theory generation followed a cyclical process following an inductive and 
deductive approach in order to look for evidence that might illuminate existing innovation and/or 
servitization theories. While identifying constructs and creating theoretical frameworks, we attempt 
to get explanations from the data, which, in turn, helped to further develop theory (Yin 1994). 
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Overall, this study relies on primary (interviews and focus groups) and secondary data. Secondary 
data include company publications (e.g., annual reports, internal reports and documents) as well as 
industry publications (e.g., industry and market reports). Data analysis followed a three -step model 
suitable to identify patterns in a large and complex data set (Gioia et al., 2013).  

 
4. A PROCESS FRAMEWORK FOR SERVICE-CENTRIC BUSINESS MODELS 
In this section, we present a process for business model innovations when substituting combustion 
with electric vehicles. This process is similar to a business model renewal rather than a shift leading 
from the existing service-centric business model to a new business model or making the existing 
service-centric business model entirely less or more service-centric business models. The process 
consists of three phases: 1) transforming the service-centric business model, 2) process for business 
model innovations, and 3) mechanisms for letting the process on business model innovations unfold  
(See Figure 1). These phases emerged inductively based on the analysis of the single cases study.  

Based on the analysis, we propose a process framework for service -centric business models as 
the substitution of combustion with electric vehicles unfolds (see Figure 1). The framework illustrates 
how vehicle providers go through a three-phase process: i) clarifying the business logic, ii) revising 
the key components in the service-centric business model, and iii) keeping duality in the service-
centric business model. Each phase differs in the way how activities are executed.  

In the first phase, there is a linear sequence from activity to activity. In other words, there is 
progression from recognizing the key parameters differentiating between combustion and electric 
vehicles, to linking the technology substitution with changes in the business environment and to, 
finally, understanding the tipping points toward electric mobility within the changing business 
environment.  

In phase 2, there are iterative cycles of renewing business model components. Truck Inc. goes 
iteratively from reformulating the value proposition toward letting customers smoothly adopt to 
electric vehicles, redesigning the value creation activities to adapting the value capturing.  

In phase 3, there are three parallel activities on i) leveraging digital technologies across product 
technologies, ii) integrating the value proposition, values creation process, and capture iii) 
stimulating revenue mechanisms on getting paid for vehicle usage and performance successful 
alignment and progression to the next phase. By embracing these activities in parallel, Truck Inc. 
circumnavigates possible frictions among service-centric business models for combustion and 
electric vehicles.  

 
 

 
 

Figure 1. A framework on innovating service-centric business models for (core) technology 

innovations on electric cars. 

5. DISCUSSIONS 
5.1 Theoretical contributions 
Overall, our findings make two theoretical contributions. First, we contribute to business model 
literature  by developing a process model for business model innovations throughout the technology 
substitution of combustion with electric vehicles .  Prior literature has tended to view business model 
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innovation either as a key enabler and an outcome of technology substitutions. But there are still few 
studies investigating the actual processes of business model innovation (Frankenberger et al. 2013). 
Our findings demonstrate the renewal of the service-centric business model as a business model 
innovation. Specifically, we offer an in-depth perspective on business model innovations and show 
that the phases on i) clarifying the business logic, ii) revising key components in the service-centric 
business model, and iii) keeping duality in the service-centric business model play a critical role in 
renewing a service-centric business model. 

Until now, literature remains unclear how holistic business logic and a modif ication in the 
business model components emerge.  This business model innovation does not emerge inductively 
from modifying few business model components, but starts with the holistic business logic. This 
holistic logic is a result of a linear process of f irst recognizing the key parameters differentiating 
between combustion and electric vehicles understanding, second linking the technology substitution 
with changes in the business environment, and third understanding the tipping points toward electric 
mobility within the changing business environment. These three activities lead to a common 
agreement about the business logic. 

Business model innovation continues with modifications in the business model components. 
Here, there are not sequential steps on adapting the value proposition first, value creation second, 
and value capture third. Modifications in terms of proposing value toward smooth adoption to electric 
vehicles, redesigning the value creation activities, and adapting the value capturing occur in an  
iterative process. This iterative process helps to align value proposition, value creation, and value 
capture. Thus, the renewal of the service-centric business model succeeds when its elements cohere 
and are suitably aligned (Kranich and Wald 2018;). Of course, revising business model components are 
interdependent activities and through iterating between these modifications companies can ensure 
alignment throughout the business model innovations. We provide a detailed processual description 
of activities and key tasks how value proposition, value creation and value capture are (iteratively) 
aligned (Randhawa et al. 2016; Sjödin et al. 2016). 

Furthermore, this study emphasises the importance of duality in the business models. Previous 
literature has been mainly focused on balancing product-centric and service-centric business models 
or on balancing competing business models. Throughout the technology substitution of combustion 
with electric vehicles, there is also a need to balance two service-centric business models. In contrast 
to previous discussion on outcome-based or digital business models as a competing business model, 
key activities for keeping a sufficient duality in the service-centric business models for combustion and 
electric vehicles.  

Second, this study extends existing theoretical models in the servitization literature. Historically, 
servitization literature outlining the shift from product-centric to service-centric business models, or 
in other words, from products to advanced services has viewed the actual product as invariable, fixed, 
and unchangeable. Servitization literature highlights a few product attributes (e.g. product 
complexity, product wear, digital product features) supporting the shift toward advanced services, but 
neglects possible shifts in the product technology. As an important technology shift to reduce CO2 
emissions and to stop climate change, this study investigated the technology substitution of 
combustion with electric vehicles.   

Surprisingly, despite various key parameters (e.g. product complexity, product costs, customer’s 
lifetime spending, customer experiences, infrastructure complexity and dynamics) differentiating 
between combustion and electric vehicles, the business model does not become less or more service-
centric. Electric vehicles do not necessarily lead to less or more services, to increasing or decreasing 
the service business, and/or to high or lower service-centricity in the business. Instead, the 
substitution of combustion with electric vehicle leads to a renewal service-centric business models, 
service business, and advanced services. This finding could stipulate servitization research not only to 
look at the actual services, but to investigate possible shifts in the product technologies.  

Aligning value proposition, value creation, and value capture confirms recent contributions about 
the continuous evolution of the service innovations, continuous learning about the actual customer 
benefits, service delivery, or service pricing. The key tasks on leveraging digital technologies across 
product technologies substantiates recent contributions on digital servitization and on stimulating 
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more revenue mechanisms for paying for vehicle usage and performance resonates with the recent 
contributions on usage and/or outcome-based services. The importance of taking an ecosystem 
perspective across the alignment of value proposition, value creation and value capture confirms the 
recent discussion of going beyond the product company. To succeed with electric vehicles, product  
companies should actually take an ecosystem perspective. 

 
5.2 Managerial contributions 
Our findings offer insights for managers steering their product companies throughout a technology 
substitution. The process model for growing the service business highlights what to focus on at 
different phases throughout product technology shift and it helps managers prioritize resources on 
business model innovations. This hopefully gives the manger the opportunity to have more informed 
discussion and support them in their decision making with the business model innovations.  
Renewing the service-centric business model rather than making the business model less or more 
service-centric: Managers need to recognize that the substitution of combustion with electric vehicles 
does not require making the business model less or even more service centric. The substitution does 
also not lead to a complete new business models. Substitution requires a carefully executed renewal 
of the service-centric business model. 
Getting a holistic picture of the business logic rather than starting with modifications in the business 
model components: As a response to the technology substitution, managers should not attempt to 
modify directly key components in the business model. Instead, they should clarify the business logic 
first. This clarification makes managers aware that the technology substitution will not lead to less or 
more service-centric business models. Instead, the substitution will require a renewal of the service-
centric business models. Managers should be aware that a simple comparison of the product 
parameters differentiating between combustion and electric vehicles might mislead managers toward 
a less service-centric business model. Further customer and infrastructure parameters need to be 
recognized. In addition, managers should embed insights into these parameters into further changes 
in the business environment. They should identify relevant tipping point in the changing business 
environment to better estimate the actual time window for the technology substitution. Estimating 
these tipping points makes it easier for managers to get a common holistic picture on the service-
centric business model. 
Making modifications in the value proposition, value creation, and value capture iterative rather 
than linear: Make conscious iterations in the business model modifications to align value proposition, 
value creation, and value capture. Thus, it is not enough to go through a sequence of modifications of 
the proposed value, value creation activities, and value capture. Each modification contains various 
key tasks. Reformulating the value proposition toward smooth adoption of electric mobility requires 
key tasks on defining the service offerings, matching customer requirements with the service 
offerings, adding new service offerings and revising existing service offerings. For reconfiguring the 
value creation actions, managers should conduct a careful analysis of the necessary competences, 
map these competences according to the responsibility of their own company, company dealers, 
partners, and customers, establish a relational approach with partners, and deploy risk mitigation 
procedures. Adopting the value capture requires managers to define the new revenue pools and 
categories, to specific investment and revenue sharing modes with partners, and embrace revenue 
mechanisms on vehicle usage and performance. Managers should consider the execution of these 
tasks as being an iterative process switching back and forth between them when modifying value 
proposition, value creation, and value capture. Through frequent iteration managers can keep 
alignment among business model components more easily throughout the renewal of the service-
centric business model. 
Keeping a duality in the service-centric business models rather than integrating both business 
models: Managers should not fall into the trap of integrating the service-centric business models for 
electric and combustion vehicles too early. At the beginning, keeping a duality among these business 
models is more likely to let electric mobility take off. To ensure sufficient synergies between both 
models, managers should leverage digital technologies across both technologies, put efforts into 
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integrating value proposition, value creation, and value capture, and initiate revenue mechanisms on 
getting paid for vehicle usage and performance. 
 
5.3 Limitations and further research 
This study relies on a single, longitudinal, in-depth case study of business model innovation and 
servitization accompanying the technology substitution of combustion with electric vehicles. This 
study is not without its limitations. A first limitation is that our research design is based on a single 
case study. While studies based on single cases are better than multiple cases for producing extra and 
better theory (Dyer & Wilkins,1991), a common criticism of the approach is the problem of 
generalizability (Walsham, 2006). 

While our results are garnered in the specific context of the electric mobility, we posit that our 
findings are still highly relevant to further business model innovations accompanying other technology 
substitution. 

Since the empirical basis for our conclusions is a single case study about Truck Inc., we 
recommend replicating our process framework through investigating how other product companies 
(e.g. bus, car, train manufacturers) proceed with their service-centric business models when 
progressing toward electric mobility. Furthermore, through studying other types of technology 
substitutions (e.g. non-renewable to renewable energy production equipment, optical to digital 
microscopy, basic to smart, connected devices) researchers could test the boundary conditions of our 
framework, depending on product differences, industry specifics, and types of business model 
innovations. 

We believe that the current approach of studying service-centric business models and 
servitization in the context of technology substitution or more general on technology innovations 
provide a highly beneficial avenue for further research. Future research could go beyond the third 
phase on keeping a dual business model and to investigate possible further phases of busines s model 
innovations. These phases might be no longer a renewal of service-centric business models but might, 
finally, lead to more and more service-centric business models or additional outcome-based or digital 
business models. When considering our results, theoretical and managerial implications, limitations 
and further research directions, we hope these findings provide new, interesting insights to academics 
and practitioners alike. 
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IMPROVING SERVICE VALUE CREATION FOR MANUFACTURING SMEs BY OVERCOMING DATA 
SHARING HURDLES IN ECOSYSTEMS 

Jürg Meierhofer, Petra Kugler, Helen Vogt, Martin Dobler, Rodolfo Benedech, Marc Strittmatter, 
Manuel Treiterer 

ABSTRACT  
Purpose:  
Although there is an apparent potential in using data for advanced services in manufacturing 
environments, SMEs are reluctant to share data with their ecosystem partners, which prevents them 
from leveraging this potential. Therefore, the purpose of this paper is to analyse the reasons behind 
these resistances. The argumentation paves the way for elaborating countermeasures that are 
adequate for the specific situation and the typical capabilities of SMEs. 
Design/Methodology/Approach:  
The analysis is based on literature research and in-depth interviews with management representatives 
of 15 companies in manufacturing service ecosystems. Half of these are manufacturers and the other 
half technology or service providers for manufacturers. They are SMEs or partly larger companies 
operating in structures that are typical for SMEs. 
Findings:  
Data sharing hurdles are investigated in the five dimensions, 1. quantifying the value of data, 2. 
willingness to share data and trust, 3. organizational culture and mindset, 4. legal aspects, and 5. 
security and privacy. The ability to quantify the value of data is a necessary but not sufficient 
precondition for data sharing, which must be enabled by adequate measures in the other four 
dimensions. 
Originality/Value: 
The findings of this empirical study and the solution approach provide an SME-specific framework to 
analyze hurdles that must be overcome for sharing data in an ecosystem.  
Manufacturing SMEs can apply the framework to overcome the hurdles by specific insights and 
solution approaches. Furthermore, the analysis illustrates the future research direction of the project 
towards a comprehensive solution approach for data sharing in a manufacturing ecosystem. 

KEYWORDS: smart service ecosystems, data-driven value creation, data sharing, data-driven 
organization and culture, data governance. 

1. INTRODUCTION
With the concept of servitization of manufacturing, industrial value creation is shifted from the goods
perspective to the service perspective. Mutual value is created in the interactions between providers
and beneficiaries (Kowalkowski & Ulaga, 2017; Lightfoot et al., 2013; Vargo & Lusch, 2008). This leads
to the concept of product services systems (PSS) (Oliva & Kallenberg, 2003; Tukker & Tischner, 2006).
The advances of the industrial internet of things and digitalization enable and foster this
transformation from products to services, which manifests itself, for example, in the concept of
Industry 4.0 (Thoben et al., 2017; Weimer et al., 2016). Data science and related technologies are
relevant factors for the provision of advanced services (Paschou et al., 2020).

As elaborated in (Meierhofer et al., 2019), utilizing data for service value creation is a significantly 
higher hurdle for SMEs than for large enterprises. This represents a challenge in particular for SMEs in 
terms of soft factors such as knowledge, organisation, and culture. However, also hard factors such as 
legal and security concerns as well as profitability issues are a barrier to the adoption of data-driven 
services. This paper discusses the studies carried out in the project "Data Sharing Framework" (Data 
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Sharing Framework, 2021) and the solution approaches that are developed. The project aims to 
support small and medium-sized enterprises (SMEs) in the Lake Constance region (Austria, Germany, 
Switzerland) in the cross-company and cross-border exchange of data for value creation. Practical and 
SME-friendly tools are developed in the following five perspectives: 1. quantifying the value of data, 
2. willingness to share data and trust, 3. organizational culture and mindset, 4. legal aspects, and 5. 
security and privacy. The paper provides an empirical analysis of these perspectives. For the specific 
perspective of data value, it elaborates a solution to overcome the hurdle by a quantitative validation 
approach that is adequate for an application by SMEs. 

 
2.  RESEARCH METHODOLOGY 
The data sharing framework presented in this paper is elaborated based on a literature review on 
hurdles for sharing data. The topic is investigated independently in the five dimensions. Accompanying 
the literature review, a field study based on interviews with totally 15 firms was conducted. The cases 
selected for the interviews were manufacturers being providers or customers of data-driven services 
or products on the one hand or technology and service providers for such firms. The interviews were 
conducted with managers responsible for marketing or development of smart products and services. 

Given the analysis of the hurdles for data sharing, drivers and solution approaches to overcome 
these are sketched in the five dimensions. Specifically for the dimension “quantifying the value of 
data”, an initial solution proposal is additionally developed. 
 
3.  FINDINGS 
3.1  QUANTIFYING THE VALUE OF DATA 
As elaborated in (Meierhofer et al., 2022) and based on (Breuer et al., 2018; Möller et al., 2017; Moody 
& Walsh, 1999), the value of data can be approached by three perspectives: 1. the market value of the 
data, 2. the value based on the cost to create and process the data, and 3. the value that arises when 
data generates benefits in an application context, typically by means of data-driven services 
(functional value). In this paper, the third perspective is used for the further study. The interviews 
made obvious that the firms have an awareness of the value of data, but do not dispose of the 
methods, resources, or competences to determine it quantitatively (Meierhofer et al., 2022). If the 
value of the data is known quantitatively, firms can make better decisions about investing in sharing 
and utilizing data.  
 

 
Figure 1: Value creation model (adapted from (Meierhofer et al., 2022)) 

 
Data is created by customers from operating equipment and processes (Figure 1). The focus is put 

on the dyadic value exchange between two actors, keeping in mind that this concept can then be 
extended to an ecosystem perspective in future research. This data contains information on the 
physical condition of the equipment, its operations as well as quantities and time information (e.g., 
work flow time stamps, durations) of the processes. The resulting smart, connected product (Porter 
& Heppelmann, 2014) enables mutual value creation by data-driven services. Considering only the 
additional effects by the data-driven services (i.e., neglecting benefits and costs stemming from the 
base product), the value 𝑉𝐶 is created by the provider for the customer: 
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𝑉𝐶 = 𝑉𝐶,𝑝𝑒𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒  − 𝑃𝑟  −  𝐶𝐶,𝑠𝑒𝑟𝑣𝑖𝑐𝑒  

 
with 𝑉𝐶,𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 being the additional performance gained by the customer, 𝐶𝐶,𝑠𝑒𝑟𝑣𝑖𝑐𝑒  the 

additional costs incurred for the customer by the service, and 𝑃𝑟  price paid for the service by the 
customer. Please note that maximizing 𝑉𝐶,𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 does not necessarily mean getting the highest 

possible output of the equipment, but getting the most adequate performance given the operational 
requirements of the customer. The performance 𝑉𝐶,𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 incorporates both availability and 

failure rate. The additional value for the customer obtained by the service is reduced by price 𝑃𝑟  paid 
to the provider as well as the customer’s own process costs for operating the service 𝐶𝐶,𝑠𝑒𝑟𝑣𝑖𝑐𝑒 . 

In the opposite direction, the value 𝑉𝑃 is captured by the provider: 
 

𝑉𝑃 = 𝑉𝑃,𝑝𝑒𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒  +  𝑃𝑟  −  𝐶𝑃,𝑠𝑒𝑟𝑣𝑖𝑐𝑒  

 
with 𝑉𝐶,𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 the providers’ own performance gains by the data sharing and 𝐶𝑃,𝑠𝑒𝑟𝑣𝑖𝑐𝑒  the 

additional costs incurred for providing the service. 𝑉𝑃,𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 includes effects such as reduced 

service costs, e.g., by remote service or by more efficient problem identification processes, as well as 
provider internal processes such as better marketing effectiveness thanks to data-driven, targeted 
marketing or better informed new service development processes thanks to data gathered from the 
installed base. Note that the variables in these equations and thus also 𝑉𝐶 and 𝑉𝑃 are time-dependent, 
which is relevant when taking into account that value is accrued over time along the phases of the 
customer or product lifecycle. To factor in this time dependency over the lifecycle in the value 

calculation, we consider the customer lifetime value accrued, i.e., 𝑉𝑃,𝑡𝑜𝑡 =  ∫ 𝑉𝑃 ∙ 𝑑𝑡
𝑇𝐿

 and 𝑉𝐶,𝑡𝑜𝑡 =

 ∫ 𝑉𝐶 ∙ 𝑑𝑡
𝑇𝐿

 with 𝑇𝐿  the duration of the lifecycle.  

This concept for mutual value creation is implemented in an agent-based simulation model 
environment. The random nature of the system is modelled by implementing stochastic variables for 
the customer need as well as stochastic processes for the equipment health and the customers’ 
behaviour. The equipment health is modelled by a finite state machine (Cassandras & Lafortune, 2021) 
by assigning every machine multiple health states such as: working, irregularity, fatal irregularity, 
maintenance and failed, which leads to stochastic service needs.  

 

 
Figure 2:  Performance over time as a function of data usage 

 
In the simulation model, different levels of data-driven services can be activated. In the example in 

Figure 2, the average performance of the equipment in a base of 79 business customers with totally 
185 machines is shown over a typical equipment lifetime duration of 10 years. Due to degrading 
equipment health, the performance decreases over these years. The graph shows the performance 
degradation for the case with no additional data-driven services (i.e., just standard services) as 
opposed to the cases with data utilization for remote services and for condition-based maintenance 
services. These functional improvements over time can easily be translated into financial 
improvements by applying cost factors, thus revealing the functional value of the data. 
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3.2  WILLINGNESS TO SHARE DATA - TRUST 
Product-based data is created in all phases of the product life cycle and is the basis for companies to 
develop new data-based services, however, only if partners share this data (Vogt et al., 2021). One of 
the key drivers to enable data exchange in an ecosystem is the existence of trust between the partners. 
This study provides insights into how companies can increase trust especially with their customers in 
different dimensions. Trust building measures include leveraging key sales managers, engaging 
customers in a very early stage, and utilizing appropriate technical, regulatory and contractual tools. 

Product-based data can either exchanged directly between the data provider (typically the user 
and/or the customer) and the data recipient, or is funnelled through a third party, e.g., a platform 
provider. The type of data being exchanged is predominantly sensor data but can also include 
environmental, quality, production, or maintenance data. Those companies who have already started 
to share data with partners identified several factors to create a so-called trusted setting for 
exchanging data in an ecosystem. Often, the first step is to set up a legal agreement specifying the 
terms and conditions for sharing data. Since the uncertainty regarding project scope is typically high 
at the beginning, it is recommended to utilize a “starter” legal agreement which specifies the main 
conditions such as regarding type and amount of data to be shared, as well as ownership and data 
storage. As the project progresses and the value of the shared data can be specified more clearly, it is 
then recommended to establish a full legal contract to clarify the financial aspects.  
Several companies mentioned the lack of data standards as a significant barrier to sharing data in an 
ecosystem. The utilization of common formats as well as appropriate ISO standards and certificates 
by partners in the ecosystem of course facilitates data sharing. The competence to store and process 
data for example can be acquired and documented by signing up to industry certifications with regards 
to information security management such as the ISO/IEC 27001 (ISO - ISO/IEC 27001 — Information 
Security Management, n.d.).  

Studies show that companies new to data sharing often collect all kinds of data without knowing 
how or if they will be used (Janhunen, 2019) . In order to further facilitate exchanging data, all partners 
should make the purpose and specific goals of data acquisition transparent before they begin to share 
their data. Several interviewees recommended engaging directly with potential partners at an early 
stage, for example, through workshops and interviews. Last but not least the role of sales managers 
is recognized as being critical. In a B2B setting, trust in a sales manager strongly influences trust in the 
entire organization (Gansser et al., 2021). Manufacturing SMEs often cultivate long relationships with 
their customers, so it is no surprise that trust in a salesperson can often exceed trust in an 
organization. Consequently, sales managers are an essential part of a data-sharing project since they 
only recommend such solutions to their customers when they themselves recognize the value of data 
sharing. Interviewees mentioned the need to convince their own sales managers of the importance of 
data sharing as a prerequisite to persuading potential customers to start the process of data exchange. 
 
3.3  ORGANISATIONAL CULTURE AND MINDSET 
From an organizational culture perspective, making use of data fundamentally impacts how individuals 
and the organization as a collective think and act which indicates that working with data requires a 
specific data-dominant logic (Kugler, 2020). A number of steps refer to various levels of analysis and 
they refer to the individual, the organization and the ecosystem alike. The empirical data reveal, 
among others, firstly, that individuals and organizations explicitly recognize the potential value of data 
in general and especially sharing the data across the ecosystem, Secondly, individuals and 
organizations need to think and act in a holistic way that goes beyond internal and external boundaries 
of a single company. Internal and external company boundaries, for instance, become more fluid. In 
doing so, the ecosystem is recognized as an additional unit that is relevant for generating value from 
the data. In doing so, organizational structures, roles and processes need to be adapted to 
requirements for working and sharing data within the organization and with the ecosystem partners.  

A first cultural hurdle for sharing data with stakeholders in ecosystems involves recognizing internal 
and external data as a potential source of value. Manufacturers often function using goods-dominant 
logic (Vargo & Lusch, 2006). However, the nature of data as a resource differs fundamentally from a 
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tangible product. While raw data have limited direct value for many companies, data aggregation, 
data analysis, and linking these data to company-specific knowledge may add value to data that are 
rare, difficult to imitate, or difficult to substitute (Barney, 1991). Such data could be used to achieve a 
sustained competitive advantage (Gupta & George, 2016) and it should be protected by specific 
strategies for sharing the data in an ecosystem (Kugler & Plank, 2022). However, the interviews also 
indicated that the potential value inherent to data is still unrecognized by many companies, although 
this could change; data might, for example, gain value when new knowledge is available.  

While individuals who frequently deal with data (e.g., CIOs, CDOs) are aware of the inherent value, 
others (e.g., sales and marketing managers) are still data illiterate. Interviewees reported two 
activities that seem to confirm this dilemma: While businesses hesitate to share their data for fear it 
might lose any potential value (Kugler & Plank, 2022), individuals with access to useful data (e.g., sales 
managers) are unaware of how that data could be profitably used. In both cases, the data remain 
dormant.  

A second hurdle to sharing data lies in how companies view their organization and how rigidly they 
draw internal and external boundaries. While the focus for many businesses lies in the company or 
department in question, data sharing requires companies to broaden their horizons. The interviews 
revealed that (raw) data must be linked to different types of organizational knowledge that reside in 
various disciplines or departments within an organization. Technological expertise for data analysis 
also requires a business-related perspective that creates a clear business case, especially when finding 
a value proposition and domain-related knowledge (e.g., a machine or manufacturing process). Only 
by combining these perspectives can data be turned into a marketable business model. At the same 
time, the interviews revealed that because sharing data involves two or more companies, it is 
necessary for all parties to work together to benefit from data sharing. Data sharing also requires close 
cooperation or co-creation with external parties with which potential benefits or data application can 
be discussed. Both cases indicate that sharing data requires companies to think beyond their 
traditionally established boundaries. 

3.4  LEGAL ASPECTS 
Structured data governance is key to data sharing, however, few companies are really prepared to it. 
Qualitative interviews with SME representatives drew a heterogeneous picture in their dealing with 
legal aspects related to external data sharing. The few companies that showed clear ideas and 
guidelines in their external handling of data had corresponding internal policies and processes or at 
least approaches to this purpose. From this observation stem the following thesis relative to legal 
frameworks for data sharing: “efficient and targeted data sharing in business transactions requires an 
internal data governance”. Guidelines for SME to establish such data governance should address three 
focus areas: 
I. Data Asset Management:
As a basis for the internal legal assessment and handling of data, an internal data inventory should be 
carried out as a first step. In addition, the origin of any data must be identified to categorize it more 
precisely and classify its economic potential. This can be done, for example, by applying data valuation 
approaches as described in section 3.1 of this paper. 
II. Data IP Management:
In the EU, especially in Germany and Austria, as well as in Switzerland, applicable law constituting 
proprietary rights on single datasets and unstructured data collections does not yet exist (cf. Vorwachs 
& Seege, 2018; Fritzsche, 2022; Czychowski & Winzek, 2022). However, data may fall indirectly under 
intellectual property law (namely as a database within the meaning of DIRECTIVE 96/9/EC (SCOPE, 
1996, p. 9)) or may be protected as trade secret against unauthorized access (cf. Leistner, 2018; 
Schmidt & Zech, 2017; Krüger et al. 2020; Wiebe & Schur, 2019; Wiebe, 2017). Both possible legal 
positions should be assessed on a case-by-case basis. 
Hence, data inventories should be examined to determine whether and for which data and data 
collections such rights could apply and what measures may need to be taken for protection (e.g., c.f. 
section 3.5). This applies in particular to strategically relevant data, the categorization of which may 
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result from the considerations in the preceding sections 3.1 to 3.3. The resulting implications on 
contractual terms in data sharing agreements must then be taken into account within the following 
processes of “Data Contract Management”. 
III. Data Contract Management:  
For the reasons stated above, non-personal data is currently largely subject to contractual freedom. 
It is possible to legally protect shared data by means of contractual provisions. However, such 
contractual rights and obligations apply only to the respective contractual parties and therefore do 
not constitute exclusive rights effective against any third party.  

Careful consideration should be given to which rights to which data should be granted to whom. 
This makes the data inventories even more important.   

Companies should therefore establish guidelines for contracts or provisions governing the sharing 
of data. In this context, it is particularly worth considering to distinguish open data sharing policies 
(e.g., analogous to the concept of data altruism as part of the proposal for an EU Data Governance Act 
(European Commission, Proposal for a Regulation on European Data Governance (Data Governance 
Act), 2020) [c.f. Chapter IV "Data Altruism"] or to the established terms for open-source software) 
from restrictive contractual agreements on data sharing.  

However, the currently existing broad contractual freedom for data sharing could face significant 
challenges with the implementation of the European Data Strategy and, in particular, the European 
Commission's proposal for a regulation on harmonized rules for fair access to and use of data (EU Data 
Act) (European Commission, Proposal for a Regulation on Harmonised Rules on Fair Access to and Use 
of Data (Data Act), 2022) published on Feb 23rd, 2022. The multisector approach of the EU-Data Act 
Proposal could have broad implications for companies inside and outside the EU. Almost every 
company that processes user generated data (within the definitions of Article 2 EU-DA Proposal) or 
places products or services on the market in the EU or that makes data available to recipients in the 
EU would potentially be affected by the EU Data Act (c.f. Article 1 EU-Data Act Proposal). This gives 
reason to assume that the EU-Data Act could have a comparably far-reaching impact as the GDPR. 
 
3.5  SECURITY AND DATA PRIVACY CONSIDERATIONS 
(ICT) security, safety measure, and data privacy considerations must be taken into account when 
analysing and consolidating readily usable results for SMEs.    
The European Commission's digital agenda identifies security as a core issue and even dedicates a 
separate chapter to it, Strengthening Trust and Security, which states: "The European Commission's 
initiatives improve security while surfing the web and enhances trust and inclusion. It boosts the 
overall level of cybersecurity and fosters digital privacy in Europe." Embedded in the European Agenda 
on Security and the EU Cybersecurity Strategy, efforts are required from member states to increase 
trust in digital systems, as a high level of acceptance by the population is one of the basic prerequisites 
for successful implementation of the digital transformation, bridging the gap of private ICT security 
awareness and implementation of security measures within companies (Giannone & Santaniello, 
2019). 

For this reason, it is important that SMEs also have a well-founded and trustworthy IT security 
strategy for cross-company data exchange and can likewise align this with other stakeholders. Offering 
a common denominator to the possibly different strategic approaches of actors as well as raising 
awareness for the issue besides the necessary technical measures is the core challenge when 
addressing the hurdles of cross-company data sharing ecosystems (Heidt et al., 2019).  

Traditionally and depending on the point of view of actors, a classification of security measures can 
be made with respect to a set of horizontal criteria. These traditional approaches to classify ICT 
security measures include the areas of (information) technical measures, structural measures, 
organisational measures, as well as personnel measures (Wegener et al., 2016). 

When approaching classification according to areas of vertical application, distinctions are made 
between measures that are to be used organisation-wide, in parts of the organisation, or across 
company borders. Concrete vertical measures include establishment of an Information Security 
Management Strategy (ISMS) process and creation of information security policies; organisational 
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measures (e.g., control of resources, documentation, separation of roles); Checking IT security 
measures for compliance with information security policies (security compliance checking) as well as 
auditing; Response to security-relevant events (incident handling); Personnel related measures (incl. 
training and formation of security awareness); Structural security and infrastructure; Emergency 
preparedness and ICT resilience; as well as system-specific measures (Giannone & Santaniello, 2019). 

Hereby the selection of system-specific measures depends to a large extent on the type of ICT 
system to be protected. Emergency preparedness and ICT resilience is measured against basic threats 
against ICT systems (loss of confidentiality, integrity, or availability). 

For these reasons and in accordance with said classifications as well as the differentiation of 
horizontal and vertical measures, in our framework for data sharing services we include the provision 
of methods for minimising ICT security risks when sharing data across SME company borders 
(assessment, categorisation, and minimisation), determination of the suitability of norms and 
standards (e.g., ISO norms, BSI guidelines) as well as the promotion of data security by providing a set 
of readily available solutions and adequate, tailormade best-practices (certifications, further training 
measures, methodological competences, legal requirements guidebooks). 

4. CONCLUSIONS AND OUTLOOK
In this paper, we discussed the hurdles and solution approaches for data sharing among
manufacturing SMEs from five different perspectives: 1. It turned out that the firms know in principle
that the data available in their ecosystem is of value, but cannot quantify it and therefore have an
uncertain foundation for making targeted investments in data-driven services. Therefore, assessing
this value quantitatively is a necessary prerequisite for enabling data sharing. From the perspective of
service value creation, the functional benefit in business processes that can be achieved has a
predominant role. Therefore, a process-based value model was developed and described
quantitatively in a mathematical way. For the numerical evaluation, an agent-based simulation model
is an adequate means to assess different scenarios of using data. 2. In particular, trust needs to be
established among the actors of the ecosystem, whereby trusted sales managers play a key role, for
instance. 3. The organization needs to be ready to recognize data as a source of value and to shape
less rigid internal and external boundaries in organizations. 4. From a legal point of view, establishing
proper data inventories and managing data as an asset is essential, as it is expected that today’s large
contractual freedom is going to be changed substantially with the introduction of the EU Data Act. 5.
Against this background, it is also essential that SMEs establish and implement a well-founded and
trustworthy IT security strategy.

This research is limited by the fact that it investigates the five dimensions separately. Therefore, 
future research will focus on converging them to a coherent data sharing frameworks that creates a 
new theoretical and practical concept. Furthermore, this study started with an exploration of bilateral 
value exchanges, which needs to be expanded to an ecosystem perspective in the future. 
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ABSTRACT  
Purpose: The paper aims at understanding the unexplored  interlinkages between nature co-design 
(NCD) and product-service systems (PSSs), by examining how NCD may be integrated into PSSs. 
Design/Methodology/Approach: A case study methodology was adopted. The case study selected 
was Funghi Espresso, a servitized manufacturer in the agricultural industry, chosen as pioneering case 
for the adoption of the generative approach of NCD in Italy. 
Findings: Funghi Espresso initially adopts a product-oriented PSS in which NCD application is tactical. 
PSS evolves into usage-oriented typology in which NCD plays a strategic role. Funghi Espresso moves 
to a result-oriented PSS in which NCD enables a re-ontology of the traditional agriculture model. 
Originality/Value: The interplay between NCD and PSSs has not addressed yet, because literature on 
nature-based solutions is in its infancy. New NCD-based PSSs are proposed in literature and a good 
practice within CBE domain is showed to practitioners. 

 
 
KEYWORDS: nature co-design, product-service system, circular bioeconomy, case study 
 
1.  INTRODUCTION  
The development of more sustainable societies and economies is an urgent call for the policy, 
practitioner, and academic communities (Global Sustainable Development Report, 2019) since the 
climate change, resource scarcity, and biodiversity loss are seriously undermining the health of both 
humanity and planet (Halonen et al., 2021). In this context, the circular bioeconomy (CBE) – 
application of the circular economy to biological resources, products and materials – plays a crucial 
role in achieving a climate-neutral economy and sustainable growth (European Commission, 2018). In 
CBE setting, a new manufacturing paradigm, named nature co-design (NCD), is emerging. It overcomes 
the exploitative approach consisting of consuming natural resources and shapes a generative 
approach in which materials are created at the atomic level by leveraging nature’s manufacturing and 
engineering principles (BCG, 2021). NCD has the potential to lead to a new industrial era and  generate 
market opportunities in the trillion dollar range by the end of 2030, quickly impacting every industry 
in all economies (Bagnoli and Portincaso, 2021). 

To catch the huge potential of NCD, companies are pushed to rethink the value propositions within 
the incumbent business models. An interesting alternative for manufacturing firms could be the 
product-service systems (PSSs) as integrated offerings of products and services, designed and 
provided to satisfy user needs with a lifecycle focus (Matschewsky, 2019). Anyway, to the best of the 
authors' knowledge, the interplay between NCD and PSSs has not addressed yet, because literature 
on nature-based solutions is in its infancy. Thus, this paper aims at understanding the unexplored  
interlinkages between NCD and PSSs, by examining how NCD may be integrated into PSSs. Findings 
obtained by a single case study reveal the impact brought by NCD on each typologies of PSSs. Thus, 
new NCD-based PSSs are proposed in literature and a good practice within CBE domain is showed to 
practitioners. 

The paper is organized as follows. Section 2 sets the background of the study, providing a review of 
the literature in the fields of NCD and PSSs. Section 3 describes the case study methodology adopted, 
while Section 4 presents the findings of the empirical investigation. Finally, Section 5 includes a 
discussion of the results, and provides the conclusions of the study. 
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2.  THEORETICAL BACKGROUND 
2.1  Nature co-design  
Nature has significantly contributed  to the various industrial revolutions. During the first and second 
industrial revolutions, nature was an inexhaustible reservoir of resources (i.e., coal, gas, oil) that have 
be massively extracted from the earth to generate energy and transform the raw materials into more 
valuable products. The third industrial revolution, known as the information age, continued to rely on 
that extractive paradigm. In the fourth industrial revolution, nature is considered the other side of this 
revolution, less promoted than computing and robotics, and yet much more disruptive (Schwab, 
2015). In this regard, Boston Consulting Group (BCG) (2021) introduces the so-called NCD era in which 
nature finally becomes a key organizations’ partner to design and manufacture new products and 
solutions according to natural laws. In particular, NCD consists of a generative approach in which 
materials are created at the atomic level by leveraging nature’s manufacturing and engineering 
principles (BCG, 2021). Through the convergence of biology, material science, and nanotechnology, 
the organisms consuming a specific feedstock are identified in nature to precisely manufacture the 
desired products, or the properties required from a material are worked at the nanoscale to create 
them. NCD leverages and expands the design principles and manufacturing capabilities that nature 
intrinsically has, increasing their efficiency and adaptation to manufacturers’ objectives. In this logic, 
this paper considers NCD as an engineering and manufacturing platform. 

On these bases, Bagnoli and Portincaso (2021) state that NCD allows the enhancement of 
competitiveness in manufacturing, and enlarges the option space of possible and customized solutions 
by paving the way to entirely new pathways of economic growth, also addressing today’s biggest 
challenges related to the resource scarcity and climate change. In this regard, imagination is the crucial 
element in seizing and shaping NCD-based opportunities for problem-solving. The adoption of NCD 
also implies an increased scientific knowledge: in fact, a deep understanding of natural laws and 
mechanisms enables to well co-design with nature, for example by using microbes to achieve to 
manufacturing purposes or by adopting nano-scale forces to manipulate atoms with minimal energy. 
Furthermore, NCD requires to rethink from value chain to value net by transforming waste into 
resources. Last but not least, NCD entails the adoption of a non-reductionist approach to nature whose 
dynamics are characterized by non-linearity and complexity, being the whole far more complex than 
the sum of its parts. A non-reductionist approach should be integrated by an ethical efforts since the 
use of the nature entails taking into consideration potential errors, unintended misuse that could 
negatively affect future generations (Baylis, 2019). 
 
2.2 Product-service systems 
Since Goedkoop et al. (1999) introduced the PSSs, literature proposed many definitions of the concept 
(Adrodegari et al., 2021; Ciasullo and Montera, 2021). Among these, PSSs can be understood as 
“tangible products and intangible services designed and combined so that they jointly are capable of 
fulfilling specific customer needs” (Tukker, 2004). Manufacturers provide offerings along a product-
service continuum, in which the offering ranges from product-based to service-based one, with a 
spectrum of different options in which products and services are combined to varying degrees (Oliva 
& Kallenberg, 2003). According to Vasantha et al. (2015), PSS is an valuable alternative for companies 
to keep innovating when products are becoming commodities or the differentiation of products is no 
longer enough. Baines and Lightfoot (2013) state that PSSs represent a special type of servitization 
that provide value to customer through the integration between products and services. 

Based on the variations of offering, Tukker (2004) proposed the following PSS typologies namely 
product-oriented, usage-oriented, and result-oriented. This remains the most widely accepted 
classification, which is used extensively in the literature (Parida et al., 2014; Bressanelli et al., 2018) 
and thereby adopted also in this paper. PSS is product-oriented when the main focus is on the sale of 
a product and the service is seen as non-core business. However, some product-related services, such 
as maintenance and repair (basic field services and inspection), are provided to improve or restore 
product functionality. PSS is usage-oriented when the provider delivers the use or availability of a 
product, for instance through leasing, renting or sharing instead of selling products. Advanced 

96



Montera, Rapaccini, Adrodegari, Saccani & Pezzotta 
 

Proceedings of the Spring Servitization Conference (SSC2022) 

services, such as remote monitoring and diagnosis, advanced training, consultancy on product-
enabled processes, and predictive maintenance play a crucial role (Adrodegari and Saccani, 2017). 
Lastly, the PSS is result-oriented when the provider and customer mutually agree on a solution to be 
delivered. The core feature of this typology is that the customer buys the performance, not the 
product and relative services (e.g. pay-per-unit). 

By implementing PSSs, manufacturing firms are enabled to achieve new revenue streams and greater 
competitive advantage (Baines et al., 2009; Mont, 2019; Yang and Evans, 2019). Anyway, some 
challenges need to be faced, such as a detailed studies of operating costs (Tukker, 2015), deep 
knowledge of product life cycle (Beuren et al., 2017), an acceptance level of offering by consumers 
(Mont et al., 2006; Annarelli et al., 2020), and the establishment of an adequate infrastructure 
supporting PSSs (Annarelli et al., 2016).  
 
2.3  Product-service systems and nature co-design 
Literature debates the potential contributions of PSSs for circular economy. Their implementation 
leads to an improved circularity of businesses (Lieder and Rashid, 2016; Pieroni et al., 2019; D’Agostin 
et al., 2020) as PSSs are considered effective to enhance resource efficiency (Tukker, 2015), extend 
the product life cycle (Kastalli and Van Looy, 2013), and contribute to the introduction of cleaner 
solutions (Pelli et al., 2017). In the same direction, Mont (2019) stated that PSS are developed to have 
lower environmental negative impacts than other business models. Overall, PSSs represent a 
promising opportunities for the establishment of sustainable production and consumption patterns 
to deal with resource degradation and waste generation (Boucher et al., 2016; Catulli et al., 2017; 
Zeeuw van der Laan and Aurisicchio, 2020).  

Anyway, PSSs do not necessarily contribute to circular economy (Tukker, 2015; Kjaer et al., 2018). In 
fact, the highest potential for circular economy is attributed to the usage- and result-oriented PSSs in 
which manufacturer retains product ownership and thereby also responsibility for the product over 
its life cycle (Reim et al., 2015; Yang et al., 2018). Alike, D’Amato et al. (2020) suggested that a CBE 
should include aim at utilization (e.g., sharing, rental, pay-per-use) rather than ownership. In addition, 
PSSs could trigger rebound effects, such as an increased consumption due to easier product access on 
sharing or the sale of reused products at lower prices (McAloone and Pigosso, 2018). 

In the CBE domain, PSSs are still under-investigated. Especially, a knowledge gap remains about the 
understanding of the interplay between PSSs and NCD.  
 
3. METHOD 
A single case study was chosen as the most suitable methodology for the empirical investigation. In 
fact, the exploratory nature of the contribution calls for case studies answering to “how” questions 
with a relatively full understanding of the complexity and nature of a contemporary phenomenon in 
its natural setting (Yin, 2014). Moreover, qualitative case studies are needed at the initial stage of 
investigation (Jabbour et al., 2019) on topic such as NCD, PSSs and their interplay whose knowledge is 
still in its infancy. The typical phases of this method and relative actions were conducted to develop 
our case study, as Table 1 shows.  
 

Table 1: The development of case study 
Phases Main actions 

Identification of research goal  Understanding of the interlinkages between NCD and PSSs   
Selection of the case  Criteria for case selection 

- manufacturing firm whose offering embraces services  
- application of NCD principles 
- awards or best practices in circular economy domain 

Selection of data sources  
 

Interview protocol composed of 16 open questions  
Web-based data sources (corporate website, YouTube, official 
accounts on Facebook, Instagram, Twitter) 
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Corporate documents and materials 
Newspaper articles 

Analysis of data Combination of data collected from both desk analysis and 
interview 

Writing Description of the case in terms of evidences on the interlinkages 
between NCD and PSSs   

The case study selected was Funghi Espresso, an agricultural firm launched in 2014 in Tuscany Region 
(Italy) as startup specialised in the production of oyster mushrooms using coffee grounds. The 
increasing presence of specific services makes Funghi Espresso a servitized manufacturer. It mainly 
operates in business-to-consumer markets by maintaining a national geographic scope. This firm is 
chosen as pioneering case for the adoption of the generative approach of NCD in Italy. Moreover, 
Funghi Espresso was awarded by the Zero Waste Italy association as innovative startup thanks to zero 
waste good practices, and it was selected among the 100 Italian circular stories 2021 of Symbola-Enel. 

Data collection was performed in March 2022 by interviewing the founder as key informant. The 
interview lasted one hour according to a predefined guideline. Clarified the research goals, we asked 
4 questions about the general profile of the firm and 12 questions to gather specific insights related 
to the NCD, PSSs, and linkages between NCD e PSSs. Open-ended questions were used to encourage 
the interviewee to actively participate in an open dialogue with the interviewers.  

The interview was transcribed and coded. To enhance construct validity, all the gathered information 
was triangulated with secondary sources, such as the company website and other company 
documentation (Voss, 2010). The collected data were classified in homogeneous categories according 
to the topic and source in order to improve their comparability. The recognition of relevant themes 
provided the material with the narrative presented in the following section. 

4. FINDINGS
The business idea of Funghi Espresso is centred on “completely natural production of  mushrooms by
using coffee grounds and silver skin provided free of charge by local bars and roastings”. Mushrooms
grow vertically, suspended on supports connected to sensors to modify and remotely control humidity 
and temperature through a dedicated app. The vertical production allows halving the need for land
used to grow the same amount of mushrooms according to the traditional processes. Moreover, the
bottom of coffee does not need to be pasteurized, with a considerable saving of energy. After the
production, exhausted substrate returns to the soil as organic fertilizers in the form of earthworm’s
humus. Funghi Espresso’s business focuses on the sale of products integrated with some services
useful to complete the offering. In particular, the service portfolio comprises home deliveries with
electric cargo bike within the metropolitan area of Florence, tasting events, wide variety of recipes to
enhance the mushrooms’ taste, and mushrooms growing kit for a self-production at home available
on e-commerce platform including the opportunity for kit customization by reusing own coffee
grounds.

The growing interest of the local and regional market in Funghi Espresso’s offering paves the way to 
a deeper service orientation of the firm. Gradually, the role of services moves away from product 
support, by evolving the business into the sharing of NCD-based experiences. In particular, a field 
experience is provided though workshops and labs to make awareness of “what is hidden behind a 
coffee”. As reported by founder “Participants take from a local bar the coffee produced in the day. 
Once arrived in firm with our cargo bike, they see the preparation of coffee base with mushroom’s 
seed. Then, each participant receive a bag that to be filled with the prepared substrate and take it 
home for incubation to produce excellent Pleurotus mushrooms. At this point, participants collect the 
mushrooms inside the greenhouse and prepare one of our recipes”. This immersive NCD-based 
experience is shared via blog and social network (i.e., Facebook, Instagram, Twitter, YouTube) not only 
to improve the corporate image at national level but also to establish stronger relationships with 
customers. In addition, NCD-based experiences are provided independently from the product sale 
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because the value is captured by the creation of a shared knowledge basis “for growing ideas as if 
they are mushrooms” according to the logic of a creative collaboration with customers. 

Recently, the founder has decided to extend the NCD-based circularity of the coffee grounds beyond 
the production of mushrooms and earthworm’s humus because “they are not enough to state that 
there are no wastes but resources in our entrepreneurial activities”. This strategic decision implies the 
achievement of a further stage of maturity of the business by placing service at the heart of the value 
proposition. Thus, Funghi Espresso gives way to Circular Farm as agricultural service firm in which the 
mushrooms’ production from coffee grounds represents one of the preliminary steps within a wider 
process of regeneration according to the natural principles. More in depth, the additional steps are 
related to the “thermo-composting to produce hot water through the aerobic fermentation of the 
organic waste, and the aquaponic system to raise fish and at the same time to cultivate vegetable 
plants”, both systems implemented in an abandoned plant nursery. In particular, waste water from 
fish tanks is used to irrigate crops, which grow fast thanks to fertilising substances produced by fish. 
In turn, the plants return clean water to the tanks, significantly decreasing the amount of complete 
spares needed for fish health. In this way, it is possible to create a closed loop that does not involve 
the use of external inputs and that is completely self-sufficient, creating new value from those 
considered scraps. It occurs within a cascade system, where the production cycles are integrated with 
each other and the waste of one cycle becomes a resource for another cycle. Thus, Circular Farm 
proposes a NCD-based agriculture model (Fig. 1) focused on a “re-generative approach aimed to 
reutilization of organic resources at the end of their life without production of other wastes by 
replicating the natural cycles (the so-called bio-mimesis) through the productive capabilities of 
microorganisms and bacteria”.  

 
Figure 1: NCD-based agriculture model 

 
This represents an innovative and sustainable solution for farming without soil, above all in urban 
settings. By contributing to address a social concern regarding how to ensure an adequate access to 
healthy and nutritious food for all city dwellers in the future, without further depleting the scarce 
resources of the planet. In this way, healthy, good and nutritious food can be produced, while at the 
same time reducing urban waste and related emissions. Since “the real potential of the project is not 
the sale of products, but the dissemination of the idea”, the NCD-based agriculture model is widely 
spread through environmental education projects in the schools and administrations. Furthermore, 
Circular Farm is committed to the training of entrepreneurs interested in the replication of NCD-based 
agriculture model by adapting it to the specific characteristics of different territorial contexts. Anyway, 
“this model can be replicated wherever there is a city of an average size of about 15 thousand 
inhabitants”, as the fonder clarifies. Some consulting services related to the manufacturing processes, 
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environmental and health legislation are also provided. In this regard, the founder states: “In my point 
of view, I am not exacerbating my direct competition, rather I am creating an enlarged network around 
the agriculture of the future. The nature has already all the solutions, we just have to learn to see 
them”. 

5. DISCUSSION AND CONCLUSION
The disruptive power of NCD allows case firm quickly shifting across the various PSS typologies. In
particular, Funghi Espresso initially adopts a product-oriented PSS in which the NCD platform
application is mainly tactical: nature’s design principles and its manufacturing capacity are leveraged
for enabling to realize products increasingly fulfilling customer needs and expectations. Firm seeks to
delivering meaningful value to the customers by using the local resources that are available.
Thereafter, Funghi Espresso’s PSS evolves into usage-oriented typology in which NCD plays a strategic
role: the application of such revolutionary platform provides a unique and innovative experience that
deserves to be shared. Finally, Funghi Espresso moves to a result-oriented PSS in which NCD enables
a re-ontology of the traditional agriculture model by transforming it into sustainable and innovative
farming approaches.

Such fruitful interlinkages between NCD and PSSs creating a new breed of circular PSSs, herein 
named NCD PSSs. As Figure 2 shows, base NCD PSSs are product-oriented with a tactical use of NCD 
platform because the nature is a tool of product differentiation; intermediate NCD PSSs are usage-
oriented with a strategic use of NCD platform because the nature is a driver of customer engagement 
behaviour towards the firm; and, advanced NCD PSSs are result-oriented with a re-ontological use of 
NCD platform because the nature is a lever for building resilience to address environmental, economic, 
and social challenges of our time. This is corroborated by scholars that consider nature-based solutions 
as key opportunities for adapting to climate change (Frantzeskaki et al., 2019), to achieve sustainable 
development goals (Faivre et al., 2017), and to contribute to a better future for people and planet 
(Seddon et al., 2020). 

Figure 2: NCD-based PSSs 

Implications for theory are related to the start of a scientific debate on innovative approaches to the 
PSSs at the light of the emerging manufacturing paradigm of NCD, by contributing to a better 
understanding of the still under-explored interlinkage between sustainability and servitization (Pelli 
and Lähtinen, 2020; Salvador et al., 2021).  

From the practical point of view, the case study promotes the dissemination of a good practice 
regarding how to plan NCD-based PSSs and apply them in practice. This is useful to inspire and guide 
the green renewal of fossil-based industries, demonstrating to managers and policy makers that NCD 
and PSSs make an essential contribution to achieving of sustainable growth of manufacturing industry. 
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In sum, choices and actions which are inspired by, supported by or copied from nature has the 
potential to create a new economic model that is intrinsically more sustainable and competitive.  

Despite the interesting contributions, the study has some limitations that provide additional avenues 
for future research. To begin, one case study has been performed within agriculture industry, by 
complicating the generalization of findings. A point for further research is therefore to replicate the 
empirical investigation through a multi-case study across different industries. In addition, the study 
has adopted PSSs typologies focused on the features of offering without specifying how the 
organization should configure its activities (i.e., key resources, activities, customers, partners) at the 
light of NCD. Thus, a business model perspective could be embraced to investigate NCD PSSs in the 
future. 
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BACK TO THE FUTURE – INSIGHTS FROM SERVICE LITERATURE AND NON-INDUSTRIAL GOODS 
INDUSTRIES FOR SERVITIZATION OPPORTUNITIES 

Anna Norinder 

ABSTRACT  
Purpose: Building on service literature and research outside the traditional servitization focus on 
industrial equipment manufacturers, this paper revisits the phenomena of servitization. New 
perspectives with a focus on customer needs are used to identify opportunities for new services 
building on digital solutions.    
Design/Methodology/Approach: Insights are based on qualitative research for 24 months in two 
different industries (energy and maritime) originating from a product and production situation, during 
their work to offer services as complements and substitutes in expanding offer portfolios. Findings 
were analysed in relation to recent servitization literature reviews and critical meta-analyses, and 
further compared with service research.  
Findings: Our findings indicate that there is a rapid growth in the areas of information and advisory 
services which servitizing organisations can lose out on, along with profitable customers, to new 
entrants if not focussing the understanding of customer needs and gaps in catering for these. The focal 
firm perspective and aim for advanced services in servitization contrasts sharply to the customer-
centric approach in the service literature. 
Originality/Value: We make two contributions. Firstly, we complement and extend recent 
servitization literature, presenting the potential of a more explicit outside-in perspective, where a 
wider range of customer needs are met with different types of services. Secondly, a matrix for such 
different types of services is provided. 

KEYWORDS: Customer needs, outside-in, information services, advisory services, digitalization 

1. INTRODUCTION
Servitization enables more sustainable use of resources and is an opportunity for manufacturing firms
to generate additional financial value. The servitization research area is broad, cross-disciplinary and
contains several streams. However, recent literature reviews challenge established assumptions and
critical meta-level reflections, and identify both weak spots and key areas for future research. This
paper complements this scrutinization by revisiting servitization based on two servitization research
projects outside the traditional inside-out view that has emerged from the industrial equipment and
manufacturing domain. These insights are connected to perspectives from the service literature which
contrast common servitization assumptions. Limitations of staying within an inside-out, centric on
manufacturer’s perspective, are thereby identified, and the potential of studying servitization by
departing from a firmer customer and user perspective will be offered, i.e. an outside-in perspective
centred on customer needs and satisfactions including information- and advisory services.

2. THEORETICAL BACKGROUND / LITERATURE REVIEW
Servitization is rich of recent literature reviews (e.g. Raddats et al., 2019) and critical analysis of key
assumptions (e.g. Kowalkowski et al., 2015; Luoto et al., 2017). These identify a focal manufacturer
perspective (Raddats et al., 2019), where western manufacturing companies best handle challenges
from low cost antagonists through focusing on transformation of managers’ mindset (Luoto et al.,
2017), from provision of industrial goods to ultimately providing advanced services (Kowalkowski et
al., 2015).
Descriptions of such advanced services vary but can refer to ‘complex value propositions whereby the
manufacturer focuses on providing performance outcomes to customers, and can be thought of as
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substituting services’ (Baines et al., 2020, p2). Using the dimensions in the taxonomy list by Raddats 
et al. (2019) to define advanced services, these are commonly seen as output-based (Ulaga and 
Reinartz, 2011), where the supplier retain ownership of its equipment (Windahl and Lakemond, 2010), 
i.e. providing the service as a substitute (Cusumano et al., 2015) to the equipment itself.  
The manufacturer-centric view (Raddats et al., 2019), can be linked to the managerialism described 
by Luoto et al., (2017). Managers in the manufacturing firm are the ones, after their initial reluctance 
have been overcome, to convince customers, who may even be seen as antagonists (Luoto et al., 2017) 
to purchase advanced services. Vocabulary usage reduce customers to less knowledgably buyers: ‘The 
effectiveness of a firm's servitization strategy is often determined by customers' readiness and 
willingness to buy complex product–service systems’ (Khanra et al., 2021, p151 referring to Morgan 
et al., 2019);  ‘action needed to address the customers' mindset as the incompetency gives space for 
action on the part of the manufacturer's management’ (Luoto et al., 2017, p94).  
Servitization research is primarily concerned with industrial equipment, referring to contexts such as 
General Electric, Xerox, Kone, ABB, Caterpillar (Fliess and Lexutt, 2019), Bombardier, Caterpillar, 
Hitachi, and Rolls-Royce (Khanra et al., 2021), along with truck manufacturer Toyota and construction 
equipment manufacturer JCB (Raddats et al., 2019). Accordingly, frameworks and perspectives are to 
a large extent derived from a large manufacturer’s perspective. For example, concerning industrial 
equipment manufacturers, three categories of customer needs or wants are directly linked to the 
notion of base-, intermediate- and advanced services (Baines and W. Lightfoot, 2014).  
The focal firm perspective and aim for advanced services in servitization contrasts sharply the 
customer-centric approach in the service literature. Although nuances differ in the descriptions of 
what “service” is, a concept hard to define (Edvardsson et al., 2005), the common fundamentals 
revolve around ‘solutions to customer problems’ (Edvardsson et al., 2005). A service-centred view is 
‘inherently customer oriented’ where value cannot be delivered to customers but is ‘perceived and 
determined by the consumer’ (Vargo and Lusch, 2004, p7). 
In the early literature, Regan (1963, p57) discuss services as ‘activities, benefits or satisfactions which 
are offered for sale’ and link services both to intangibles and tangibles yielding satisfaction. A similar 
perspective is taken by experts who describe services as deeds (or actions), processes and 
performances (Edvardsson et al., 2005). The word effort can be added to the list (Lovelock and 
Gummesson, 2004). Lovelock (1983) use classification to approach the service concept. As the nature 
of the service act he distinguishes between tangible activities, e.g. passenger transportation and lawn 
moving, and intangible activities, e.g. education and consulting, thereby also offering association to 
Regan (1963). Information-based services (Lovelock and Yip, 1996), relevant for ‘collecting, 
manipulating, interpreting, and transmitting data to create value’ (p68) are later added as a separate 
category. Lovelock further states that ‘better insights may be obtained by using two or more 
classification schemes [dimensions] in combination…combined in matrixes’ (Lovelock, 1980, p76). 
In the definition of services by Grönroos (2001) as ‘a process consisting of a series of more or less 
intangible activities that normally, but not necessarily always, take place in interactions between the 
customer and service employees and/or physical resources or goods and/or systems of the service 
provider, which are provided as solutions to customer problems’ (p46), the three core elements are 
activities, interactions and solutions to customer problems. Grönroos (2006)  later underline the 
process feature, meaning that it is the open process nature of services and the fact that customers are 
both co-producers and consumers of services that distinguish services from products. Vargo and Lusch, 
(2008) describe services as the ‘process of using one’s resources for the benefit of another entity’ (p7). 
Further interaction as a core service element is said to have a  ‘pivotal role’ (Grönroos and Voima 2013, 
p133) and is discussed by service researchers such as Bitner, (1990) and Solomon et al., (1985) as well 
as in literature on engineering service systems (Ng et al., 2011). On the note of process and interaction 
Tuli et al., (2007) underline the importance of seeing service and solution sales as ‘relational process 
of defining, meeting, and supporting a customer’s evolving needs’ (p5) rather than making firm inside-
out efforts to compose services or solutions. Bettencourt et al. (2013) state that ‘The secret to true 
service innovation lies in shifting focus away from the service solution back to the customer’ and 
‘address the fundamental needs of their customers’ (p13). 
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3. RESEARCH METHODOLOGY 
A qualitative approach based on the engaged scholarship form ‘collaborative basic research’ was 
selected for the research to advance basic scientific knowledge (Van de Ven, 2007, p27). Two 
consecutive single case studies were conducted, one in the energy sector and one in the maritime 
industry with case sampling criteria for extreme circumstances with unusual access (Eisenhardt and 
Graebner, 2007). Both organisations were selected based as not being equipment manufacturers but 
with an origin in a product and production situation with stated ambition to add services to their 
portfolio, i.e. servitizing organisations outside the primary concern of servitization research, which 
offered opportunities for reframing of the phenomena (Sandberg and Alvesson, 2021). Sampling of 
individuals were done for high-experience level (Van de Ven, 2007) including roles such as offer 
developers, customer relations and business area managers. In the energy sector multiple sources of 
evidence were collected over a period of 17 months including observations, semi-structured 
interviews and analytical seminars. Secondary data on services in the energy sector was collected on 
30 different firms being traditional competitors, partners to the case organisation and new entrants 
to the sector. In the maritime industry case, data was collected over 7 months through observations 
and semi-structured interviews in the case organisation.  Findings were analysed in relation to recent 
servitization literature reviews and critical meta-analyses, and further compared with extant service 
research.  
 
4. FINDINGS  
4.1  Products and services in the energy sector 
Traditional energy companies in Sweden come from a product and production mindset. Their base 
offers have been based on provision of access to a local electrical network in combination with 
production and distribution of district heating and/or sales of electricity. The product mindset was 
prevailing in the case company in the sales and market offer vocabulary, with expressions such as ‘are 
you interested in our network products’, as well as in internal documents where all offers were 
conceptualized as products. The only “services” mentioned in the 2019 annual report were energy 
services, referring to maintenance and operational activities around district heating for corporations 
and a service related to information on delivery interruptions. Standard ‘product’ offerings for 
electricity sales, both in the case company and with its competition, were ‘variable price’, where the 
customer paid net trading price plus an add-on per kWh, and ‘fixed price’ where the customer paid a 
pre-defined price per kWh and the energy companies used their trading departments to both hedge 
the risk taken on and potentially make additional profit. For the variable price offer consumers were 
charged their monthly consumption at the monthly average price. 
However, with the energy industry in rapid transformation, to a large extent driven by sustainability 
challenges but also by new entrants with offers enabled through digitalization, the case company as 
well as its traditional competition had identified servitization as a path forward. 
A strong emphasis was placed on so called ‘digital services’ where both the case company and its 
competitors worked hard to develop ‘smart’ offerings to customers. Typical examples were 
information based free services such as online maps estimating house’s solar energy production 
capacity and apps for customers’ improved overview of their invoices and consumption. Also more 
advanced apps for customers’ own steering of their solar panels Common services were also various 
levels of customer support for installation of solar panels, ranging from only text on a homepage 
informing the customers how to progress, to full bundle offers with sales and physical installation of 
the panels along with financing solutions, often delivered in partnerships between the energy 
company and specialist firms. For the district heating service, offers ranged from subscription of a few 
annual inspection visits, with options for additional purchase of repairs, to rental of the equipment 
against a higher energy price per kWh. Advisory services, such as energy mapping along with energy 
reduction recommendations and design of efficient energy systems with various components (district 
heating/cooling, solar panels, energy reuse) were primarily offered to corporations. Also services 
building primarily on the competences and capacities developed over the years by the energy firms 
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were identified, both for other energy companies, e.g. offers to operate and maintain the wind parks 
of others, and for companies in other sectors, e.g. oil analyses and tooling calibration services. 
Among the more creative services found in the mapping of traditional energy companies were ‘Share 
the water’, where consumers against a monthly fee were offered to store their surplus solar energy in 
water reservoirs for later use.  
As mentioned, a base income in the traditional energy firms including our case company had been re-
sales of electricity, through the ‘products’ fixed price or variable price contracts. Through daily trading, 
where hourly electricity prices are set at the Nordpool power market, the predicted electricity supply 
and demand are aligned. With increasing volatility, on the supply side driven by less predictable 
sources such as windmills and on the consumption side driven by increased electrification and 
changing usage patterns, the balancing challenge through constant matching of energy supply and 
demand rises. As a response to this, all consumers have been given the right to demand electricity to 
be measured hourly and charged at the hourly price rather than the average monthly consumption at 
average monthly price, to encourage consumers to move consumption pattern to lower peaks. The 
case company offered this kind of measuring and charging but offered no special services to support 
customers in their electricity consumption planning. A service enabling display of hourly prices was 
under development. 
Without the burden of power production and with low overhead costs based on greenfield digital 
solutions, several new entrants challenged the traditional energy companies. Within the case 
company two such players, both marketing themselves as smart (intelligent) companies with smart 
solutions for smart ways to buy electricity, received the largest attention: Tibber and Greenely. Both 
offered only variable electricity prices, thereby avoiding the need to trade electricity terms and take 
price risks. Further both built their offer around a new business model where no margin was added 
on top of the hourly spot price set at the Nordpool market. Instead they charged a monthly fixed fee 
for their app where a range of digitally based services were made available to customers. This enabled 
strong marketing arguments such as ‘for you who fight electrical dinosaurs’ and ‘an app replacing your 
energy company’. Greenely provided their app to customers without requiring an energy contract 
along with it, while Tibber did not. Services offered were display of electricity consumption charts with 
comparison to peers, real time electricity usage information, user steering of heating and car charging, 
integration to smart home applications such as remote controlling of lamps and algorithms for smart 
car charging (automatic charging at hours with low electricity prices). With the new business model 
these companies attracted primarily customers with high electricity usage including the growing 
segment of customers with electrical cars, i.e. the most profitable customers for the traditional 
companies. This was due to the relatively high annual fixed fee in combination with the variable by 
the hour price unattractive to customers not willing or able to alter their electricity consumption 
pattern. 
 
4.2  Products and services in the maritime industry 
In the maritime organisation case, both products and services were marketed and sold. The business 
unit focussing on nautical charts recognised these as end products coming out of a four step 
production process beginning with measuring (hydrographic surveying) and ending with printing of 
charts or sales of the information in digital form. Further ‘product leaflets’ were available for activities 
sold separately such as special hydrographic surveying. A growing new customer group for the 
hydrographic department was firms establishing offshore wind farms who needed to provide detailed 
analyses of seabed conditions to obtain necessary permissions. When possible from a defence 
perspective, the department primarily sold (or leased) hydrographic data, either existing or 
purposedly collected, to consultants, who in turn analysed it to provide necessary answers and 
documents for the permission process. There was limited focus on developing more advanced services 
around the data, such as analysing it to the needs of the customers and thereby move one step up the 
value chain.  
Providing maritime pilotage, an activity delivered by another business unit in the maritime case 
organisation, was primarily promoted as a service. However, also activities sold separately in this unit 
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were internally discussed as products, e.g. providing pilot expertise for other purposes than marine 
pilotage. There was a strong pressure from ship owners to simplify and make the piloting service 
cheaper including hopes of a new service where pilots could provide advisory guidance from a distant 
location rather than climb aboard. This was seen as being a more advanced service, as it required 
redundant positioning systems and to bearing more risks as the pilot’s ability to perform actual 
steering activities in cases of emergency would be removed. 
A service development strategy, covering the whole organisation, had been developed. This 
pinpointed digital information sharing, customization of nautical charts and digital solutions for 
remote support and advisory activities, as focussed areas for new services.  
As a summary of these observations, we found that despite stated ambition to servitize, both 
organizations faced challenges to develop new services aligned with customer needs. A fundamental 
issue was limited knowledge on the actual needs of customers and how the customers created their 
value in a wider perspective than how the products were used. The organisations were neither used 
to, nor yet set-up for, an outside-in perspective where relational processes and interaction with 
customers enable continuously deepened learning of actual customer needs and customer value 
perceptions.  

5. DISCUSSION
Non-industrial equipment contexts such as maritime and energy are rarely studied in servitization
research. Prevailing in these industries was the product mindset, where a well-defined offer was made
available to customers to buy without neither extensive interaction to understand customer needs
nor an open process. However the ‘product’ was not sales of industrial equipment. When relating the
different kind of services offered and under development in these sectors to the well-established
conception of base-, intermediate- and advanced services (Baines and W. Lightfoot, 2014) the absence
of physical products made this categorisation both difficult and less relevant. Not only were base
services non-existing as there were no spare parts or physical items on which the services are based,
but it was also unclear to both customers and providers what made a service ‘advanced’. This was
interpreted as something difficult or complex to deliver or develop or to include advanced algorithms
or technology. These differences required a re-thinking of the content and key assumption of
‘advanced services’ as discussed in servitization literature including this type of offer being seen as the
ultimate goal of service development.
While the core of service literature is centred around customer needs, these are surprisingly absent
in the servitization literature. Neither ‘customer needs’ nor ‘customer’ are part of the top author or
index keywords or density diagrams in the bibliometric analysis by Khanra et al. (2021). However, the
distinction by Baines and Lightfoot (2014) between ‘customers who want to do it themselves;
customers who want us to do it with them; and customers who want us to do it for them’ (p4), is
aligned with service literature through its focus on customer needs. Thus, through staying there rather
than linking these different ‘customer needs’ to what is preferably sold by the supplier, an important
dimension when discussing service development and innovation is identified. This shift in focus to
customer needs, away from your own solution, i.e. to an ‘outside-in’ perspective rather than an
‘inside-out’ manufacturer centric perspective , is in line with the recommendation from Bettencourt
et al. (2013) for true service innovation. Placing this dimension of customer needs against the
dimension derived from Lovelock (1983) and (Lovelock and Yip, (1996) of Activities, Advice and
Information we got a matrix where unmet customer needs and emerging services in the studied
industries could be identified. Please see Figure 1 for the matrix identifying possible service offers
based on recognising different customer needs.
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Figure 1: Different types of service offers recognising different customer needs 

 
When positioning offers found in the energy sector we see that offers from the traditional energy 
companies are spread over the matrix and that several offers from the new entrants target unmet 
advisory and information needs that digital solutions can fulfil. Please see Figure 2.  
 

 
Figure 2: Range of Service offers in the energy sector 

 
Working with the services in the maritime sector we see that services wanted by the customers in the 
piloting pull downward to the left, i.e. towards customers doing more on their own. Meanwhile the 
product focussed hydrographic unit could possibly move up the value chain by providing needed 
advisory services rather than stay at information provision. Emerging services include dynamic route 
advice through new navigation technologies integrated with weather and sea level data. Please see 
Figure 3. 
 

 
Figure 3: Identified movements and services in the maritime sector 

 
Our findings from research in the energy sector and the maritime sector thus indicate that there is a 
high activity level in the areas of information and advisory services, to a large extent building on 
digitalization and customer needs. Please see Figure 4. 
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Figure 4: Digitalization enabling fulfilling customer needs through information and advisory services 

6. CONCLUSION AND CONTRIBUTION
We find that the focal-firm centricity (Raddats et al., 2019) related to the focus on managers in the
servitizing firm (Luoto et al., 2017) who should learn to sell the value of advanced services to less
understanding customers, narrows the scope  of researchers and managers into in an ‘inside-out’
perspective. (There are exceptions where for example Raddats et al. (2019) relate to both customer
needs and customer value.) Our analysis, supported by service literature, suggest that for
organisations that seeks to advance their service offerings, a fundamental challenge is to move to an
‘outside-in’ perspective; to begin service innovation with a thorough understanding of customer needs
(Bettencourt et al., 2013), rather than work with an inside-out perspective based on the own
production process. Figure 5 illustrates these differences and Table 1 provides a comparison of
assumptions on the body of literature analysed.

Figure 5: Inside-out vs. Outside-in             Table 1: Comparison of assumptions 

We hereby make two contributions. Firstly, we contrast recent servitization literature to service 
literature and present the potential of a more explicit customer centric ‘outside-in’ perspective where 
a wide range of customer needs are met with different types of services growing customer perceived 
value. Secondly, a matrix for such different types of services is provided. 
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AS YOU SOW, SO YOU REAP: 
EXPLORING DATA AFFORDANCES FOR DATA SHARING IN SERVITIZED IN SERVITIZED SETTINGS  

Tanvir Ahmed (tanvir.ahmed@liu.se) Christian Kowalkowski (christian.kowalkowski@liu.se) 

ABSTRACT 
Purpose: Data sharing among ecosystem actors is a key issue for successful servitization. Prior 
research discusses that firms do not share data for fear of losing competitive advantage but 
focuses less on means to help firms understand which data can be beneficial to share with partners. 
Against this backdrop, we propose an affordance lens to identify the action possibilities of data for 
firms. Design/Methodology/Approach: The paper presents a conceptual analysis of the 
actualisation process of data affordance.  
Findings: Affordance can conceptually help firms perceive emergent action possibilities from data. 
Originality/Value: The affordance lens has previously not been used for intangible artefacts such as 
data. Building on existing literature on affordance, this paper presents a conceptual data 
affordance framework. 

KEYWORDS: data affordance, data sharing, digital tools, actualization, datafication, disaffordance 

1. INTRODUCTION
Servitization can be thought of as a data-intensive process. Data extracted from digital tools in a
servitized setting can be used and reused by both customers and service providers for getting
actionable insights to achieve better operational performances (Opresnik and Taisch 2015). To get the
most out of extracted data, firms need expert data analytics resources (Holmlund et al. 2020; Ulaga
and Reinartz 2011). However, customer firms may lack these resources and therefore need to share
the data with their service providers for making sense of them. Service providers may understand the
data extracted from the technological tools better than the customer firms, as they manufacture or
design the equipment and know the proper way to analyse and utilise the data for a better outcome.
Although, many customer firms are reluctant to share data due to the perceived lack of accountability
from the entities with whom they are supposed to share data, especially regarding where they are
stored and how they are used (Sun et al. 2020). For example, firms have concerns about losing control
over their internal data and this data getting accessed by competing firms, which could lead to declines
in their competitive advantages (European Commission 2020). On the other hand, by not harnessing
the potential of data, many firms miss vital opportunities for improving their business performances
(Kraemer e al. 2021). Against this backdrop, we strive to challenge the core of this issue, which is the
data itself. To fill this gap in existing research, we shed light on the process of understanding what
actions can be taken by data. We believe that a better understanding of data’s action possibilities can
catalyse firms’ data-sharing activities with their partners in manners that can be mutually beneficial
and risk averting for their business operations. We adopt affordance as our conceptual lens to look at
data and conceptualize a process framework for perceiving and actualizing data in servitized settings.

The concept of affordance, originally introduced by the ecological psychologist Gibson (1977, 1979), 
explicates the action possibilities of an object or environment for certain actors. Hutchby (2001) 
introduced the term for information systems research and conceived that affordance is a useful tool 
to link social aspects with the technical aspects while studying technology. Reiterating Hutchby’s take 
on affordance, it can be said that affordances capture opportunities for action, from technology, which 
arises from the relationship between the features of the technological artefacts and actors with 
certain goals in mind to use those opportunities (Zammuto et al. 2007). Different actors can find 
different opportunities and constraints in technological artefacts which influence them to use them 
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in their own planned manners (Naik et al. 2020). For this paper, data is being considered as enterprise 
data in a servitization setting that is generated by digital tools such as weblogs, smart meters, 
manufacturing sensors, and equipment logs during service interactions and operations (Opresnik and 
Taisch 2015; Sun et al. 2020). Data itself is immaterial; however, its relationship with goal-oriented 
actors transforms it into a technological artefact, which is consistent with Lawson’s (2017) definition 
of the technological artefact. According to Lawson (2017), technological resources that serve specific 
goals and needs in personal or organizational contexts can be treated as technological artefacts. As a 
technological artefact, data can have its own sets of affordances and it is the role of social actors, in 
this case, decision-makers in firms, to perceive what purposes those data can serve for them. Once 
identified, it will be useful for firms to determine which data are important to share for better business 
performances in servitized settings and which should be securely stored to protect firms’ privacy and 
competitive edge over the competitors. However, the actual benefit from the perceived data 
affordances can only be availed after a firm uses the data for the planned actions. Hence, our first 
research question is: How can firms perceive and actualize data affordances?  
 
After the actualization of data affordances, firms need to evaluate the overall effect of the data usage 
based on the outcome of the executed action. This evaluation will help to identify whether the action 
could fully realize the perceived potential of data, or the outcome suggests that the affordances were 
incorrectly perceived prior to the actualization process. Additionally, firms need to understand if the 
outcome suggests that there are some additional or new affordances that can be further availed from 
the same dataset. Our second research question is, therefore: How can firms evaluate the perceived 
and actualized affordances for identifying emergent affordances? 
 
To answer these questions, we propose a conceptual framework for firms to identify the perceived 
and actualized affordances of data. Building on Pozzi et al.’s (2014) framework for perceived and 
actualized data affordance identification, we introduce perceived data disaffordances identification 
and data affordance evaluation processes as feedback loops that can help the already perceived and 
actualized affordances to emerge new or additional affordances from the existing data. 
 
Our article is structured as follows: first, we review the affordance concept and its evolution from 
ecological psychology to other scholarly disciplines such as information systems and marketing. Next, 
we put our spotlight on data and how the affordance lens can be used to help decision-makers identify 
their actionabilities and guide them to choose which to share with their partners for mutual benefits. 
 
2.AFFORDANCE AND ITS MULTI-DISCIPLINARY EVOLUTION  
The term affordance was first used in the ecological psychology scholarship and was coined by Gibson 
(1977, 1979). Gibson originally had defined affordance as the possibilities of actions towards a 
particular object. He claimed that every object has its own niche animal, and every animal has its own 
niche object. For instance, water affords accommodation for fish while it affords only swimming for 
most humans. Of course, fishermen find different affordances of water, but the point is water has a 
niche animal for accommodation which is fish and fish affords it niche accommodation in water. 
According to Gibson (1977), while looking at an object, humans do not pay attention to the quality of 
the object first, they rather try to identify what the object can or cannot do for them. A couple of years 
later, he elaborated on the concept saying, “…affordance is derived from these concepts of valence, 
invitation and demand but with a crucial difference. The affordance of something does not change as 
the need of the observer changes. The observer may or may not perceive or attend to the affordance, 
according to his needs, but the affordance…is always there to be perceived. An affordance is not 
bestowed upon an object by a need of an observer and his act of perceiving it. The object offers what 
it does because of what it is.“ (Gibson 1979; p. 138-139). Additionally, an object can afford many 
different things for many different humans and humans possess the capabilities to modify the 
environments to generate affordances from it to make their life easier. After Gibson’s seminal 
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introduction, the term affordance generated significant interest in the ecological psychology 
community and scholars came up with their own definitions and explanations for affordance.  
 
Table 1 summarizes the definitions of affordance that appear in the academic literature. In these 
extant definitions, the major disparity regarding affordance between views was whether affordance 
only talks about the dispositional factor of an object, or it combines the dispositional factors and the 
object’s relational aspect with the goal-oriented animal as well. Today, most ecological psychologists 
have accepted the dualist view of affordance by Gibson (1977) and consider it as an emergent concept 
that evolved based on the subjective relational properties between different animals and objects.  
 

Discipline Author Perspective Definition 

Ecological 
Psychology 

Gibson 1977 Disposition 
and Relational 

Affordances are possibilities for action provided to an 
animal by the environment— by the substances, 
surfaces, objects, and other living creatures that 
surround it. 

Turvey 1992 Disposition  Affordances are property of the environment, paired 
with and relative to actors who have the capability to 
actualize those affordances.  

Chemero 2003 
(p.189) 

Relational “Affordances are relations between the abilities of 
organisms and features of the environment.”  

Chemero and 
Turvey 2007  

Disposition 
and Relational 

Affordances are defined as emergent and relational 
properties between animal-environment systems. 

Information 
Systems 

Norman, 1988 Dispositional Affordances are embedded in an object’s design and 
the nature of an object informs how to use it. 

Hutchby 2001 
(p.444) 

Dispositional 
and Relational 

“Affordances are functional and relational aspects, 
which frame, while not determining, the possibilities 
for agentic action in relation to an object”  

Norman 1999 Dispositional 
and Relational 

Affordance refers to the perceived and actual 
properties of a thing that determine how to use it. 

Zammuto et 
al. 2007 

Dispositional, 
Relational and 
Goal-oriented 

Affordance captures technology’s action 
opportunities arising from the relation between its 
artefact's features and a goal-oriented actor. 

Strong et al. 
2014 

Dispositional, 
Relational and 
Goal-oriented 

Affordance is the potential for behaviours associated 
with achieving an immediate concrete outcome and 
arising from the relation between an artefact and a 
goal-oriented actor or actors. 

Table 1: Extant views on the concept of affordance 

Affordance found its footing in the information systems (IS) literature through the works of Norman 
(1988) in design and human-computer interaction research. He regarded affordances as intrinsic 
properties of an object or its artefacts (Norman 1999). The concept here adapts actors, users, groups, 
and organizations as the animal and technological artefacts as the object from the ecological 
psychology definition. He suggested that the design of the technological artefact reflects its action 
possibilities for its users. Hence, designers of the artefact(s) need to possess the capabilities to 
translate the affordances in its design. His initial definition timeline indicates that it was provided at 
the time of the ongoing debate about whether affordance has a dualist view or not. Norman’s 
affordance put importance on the "designed-in" properties of artefacts and that became quite 
instrumental for the IS studies. In comparison with Gibson’s definition, Norman claimed that 
affordances do not vary across different contexts of use; rather, they are always there waiting to be 
perceived. On the other hand, Hutchby (2001) provided a more integrated middle ground in 
conceptualizing affordance for the sociology of science and technology which is known as technology 

115



Ahmed & Kowalkowski 

Proceedings of the Spring Servitization Conference (SSC2022) 

affordance and is widely adopted in the IS research domains. Hutchby (2001) emphasized the 
Gibsonian dualist view and stated that technology affordances are not exclusively properties of people 
or the technological artefacts; they are formed through the relationships between individuals and the 
materiality of the artefacts with which they interact. Materiality, in this conception, is independent of 
humans, but affordances and constraints are not. He also underlined the goal orientation of the actors 
saying that people come to materialism with a variety of goals, so they view technology as providing 
a variety of options for action. The affordances of an artefact, according to Hutchby (2001), can change 
between contexts even if its materiality does not. Other IS researchers such as Zammuto et al. (2007), 
Strong et al. (2014), and Wang et al. (2018) adopted Hucthby’s (2001) integrative view of affordance. 
Evans et al. (2017), on the other hand, clarified affordance’s use for communication research stressing 
that researchers need to have clear distinction while using affordance as a concept by not confusing 
it as features and outcomes of technological artefacts. 

Marketing as a discipline has a long history of introducing concepts from other disciplines and 
affordance is not an exception. In the marketing literature, the term affordance is quite recently 
introduced and generally builds on well-established definitions provided by scholars from ecological 
psychology and IS (Gibson 1979; Hutchby 2001; Strong et al. 2014). However, DeLuca et al. (2021) 
draw on the definition by Strong et al. (2014), which refers to “the extent that the potential actions 
enabled are associated with achieving organizational-level concrete outcomes in support of 
organizational-level goals” (p. 74). Naik et al. (2020) also adopted a similar goal-oriented approach 
toward affordance as defined by IS researchers such as Zammuto et al. 2007; Strong et al. 2014 (see 
Table 1). For our paper, we adopt this all-encompassing view of affordance which includes 
dispositional, relational, and goal-oriented aspects. 

2.1 Relevance of the concept 
From its existential perspective, affordance takes into consideration what an object can perform for 
individual actors (based on their requirements), rather than its quality. For different needs or wants, 
an item can be several things to different actors. There is no theory or concept that encompasses this 
in systems, and, affordance can, therefore, bridge the gap (Gibson 1977). Specifically, affordance 
provides a powerful lens to study digital technology due to its ambivalent, emergent, and context-
dependent nature (Majchrzak et al. 2016). The affordance lens can be particularly useful when 
scholars use it for transforming the overview of looking at a range of technology-related topics rather 
than just evaluating affordance itself. However, affordance might seem less ideal for pure 
interpretivists to utilize since it would be less comfortable for them to grasp the idea of affordances 
being real and existing whether or not they are recognized (Volkoff and Strong 2017). Affordance also 
provides an imbricating link between the social and the technological aspects of technology artefacts 
(Hutchby 2001).  

In the servitization context, affordance offers a way to fill in the present research gaps by giving a 
framework for thinking about the action possibilities of technology artefacts. The application of 
affordance to the servitization setting shifts the research focus from technology artefacts and 
consequences to the actor's involvement in engaging with technological artefacts. Affordance 
provides a theoretical and analytical foundation for examining how manufacturers take use of 
technology-enabled servitization opportunities (Naik et al. 2020). 

2.2 Types Of Affordances 
Based on the extant literature, we can discern two major types of affordance; perceived affordance 
(Norman 1988, 1999) and actualized affordance (Strong et al. 2014). When Gibson discussed 
affordance, he always had perception embedded in it. In fact, affordance was meant to study 
perception in the first place (Gibson 1977), although Gibson never limited affordance based on an 
actor’s perception. However, Norman (1988; 1999) heavily focused on the idea that the affordance of 
any object or artefact is perceived by its users based on its outlook and embedded nature, suggesting 
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that affordances are the physical qualities of an artefact that allow it to operate. Perceived affordances 
are elements of an artefact’s appearance that provide information about how it should be used 
(Norman 1999), hence defining its usefulness. 

Gibson (1979) also introduced the constraining side of an artefact, arguing that “Any 
substance, any surface, any layout has some affordance for benefit or injury to someone (p. 140). 
Zammuto et al. (2007) recognized that “an affordance perspective recognizes how the materiality of 
an object favours, shapes, or invites, and at the same time constraints, a set of specific uses” (p. 752). 
Most recently, Wittkower (2016) defined disaffordance in a systematic manner, and Lin et al. (2022) 
used the term to indicate the constraints of technological artefacts in their paper studying employee 
perception of chatbots in servitized settings. According to them, disaffordance generally indicates the 
lack of affordance in design, which restricts the artefacts to provide the potential for behaviours 
associated with achieving specific outcomes. In other words, disaffordance refers to objects that do 
not help goal-oriented actors achieve their aims. We consider disaffordance as the opposite of 
perceived affordance and use it as perceived disaffordance.   
 
Additionally, actualized affordances refer to the actions taken when an actor uses one or more of an 
artefact’s affordances to achieve a specific or immediate goal. It is not essential for an actor to have 
actualized an affordance for it to exist. As a result, while technology may provide many benefits, only 
a portion of these can be realized at any particular time (Strong et al. 2014). Actualized affordance 
may depend on the presence of appropriate enabling, stimulating, and releasing conditions (Volkoff 
and Strong 2013). Conditions include configuration and features of the technological artefact, 
actualization of previous affordances, difficulty of the actualization itself, the actors’ ability and 
understanding, actors’ ultimate goal, the inability of the organization to perceive an affordance 
despite its availability, willingness to change behaviour, and the organizational level of skill or 
knowledge (Bernhard et al. 2013).  
 
3. EXPLICATING DATA AFFORDANCES 
For explicating the affordance identification process of data and thereby addressing our research 
questions, we propose a four-step conceptual framework for actualizing data affordance (Figure 1). 
For a clearer understanding, we use Rolls-Royce’s power-by-the-hour servitization to illustrate the 
different steps of our framework.  
 
In servitization, data can be extracted by sensors that analyse firms’ data streams of a service provided 
by its partner(s) (Bilgeri et al. 2019; Yoo et al. 2020). From the source and acquisition perspective, 
these data can be compared to big data as both these data are generated digitally during customers’ 
service interactions, stored in databases and collected on-demand by the users (De Luca et al. 2021). 
For power-by-the-hour, it can be the aircraft’s performance data collected from engine sensors by an 
airline. The affordance concept was not initially used for assessing intangible technological artefacts 
such as data or software. However, as per our previous argument considering Lawson’s definition of 
technology artefacts (2017), data can be considered as a technology artefact generated by sensors or 
platforms. From this point of view, we use an affordance lens for data in a similar manner as it has 
been used for technology, its features, and outcomes (e.g., Zammuto et al. 2007). 
 
3.1 STEP 1:  Data Shaping 
Raw data can be compared to the concept of ‘tabula rasa,’ as they are nothing more than binary 
numbers that do not carry any meanings; data can only be given meaning and structure through goal-
oriented actors’ intervention (Hutchby 2001). Lanier (2013) points out that data requires to be 
mastered in order to be valuable for its users. According to affordance’s definition (Gibson 1977), raw 
data reflect the concept of disposition of artefacts. To explicate the perceived data affordance 
(Norman 1988) or disaffordance (Lin et al. 2022), actors have to combine the disposition of these data 
and identify its relationship with them (firms or individuals). This relationship can be created through 
datafication, which is a process that involves the overall data management system including data 
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acquisition, unpackaging, encoding, cleaning, explaining, integrating, aggregating, and representing 
(De Luca et al. 2021). Firms can use data processing tools to mine, develop and analyse data for it to 
make sense. Through actors’ interventions, raw data can hence be analysed and structured into 
meaningful sets of data that can make sense to, and therefore potentially create value for, the actors 
(Holmlund et al. 2020). In the case of power-by-the-hour, airlines can collect fuel consumption data 
during a flight operation from the engine sensors. These raw data only carry dispositional factors until 
an expert can put in the relational aspect by analysing them and adding additional parameters such 
as altitude reading with the data. Then the data can be structured in a certain way that can represent 
fuel consumption deviation in different altitudinal positions.  

3.2 STEP 2: Identifying Action Possibilities 
Affordances can emerge through direct interaction with technologies or artefacts, that often leads to 
experimentation and adaptation processes, which shape them for the goals actors intend to use them 
for (Leonardi 2011). When data is considered to be an artefact the relational aspect of data depends 
on the goal orientation of actors (Markus and Silver 2008). Data can be perceived to be afforded only 
when the actor decides how to use the data. According to Noman (1988), perceived affordances 
depend on the design feature and the nature of the artefacts. In this case, the quality of raw data 
shaped by the data analysts can make the data affordance perception better or worse for a goal-
oriented actor. Thus, firms need to invest in appropriate data analytics resources (De Luca et al. 2021). 
From a properly analysed and structured data set, actors can identify the action possibilities of the 
data (Norman 1988). Furthermore, a lack of data analytics skills can result in improper data shaping 
which might lead to perceived disaffordances of data. Hence, perceived disaffordance can be the 
result of either faulty analysis of data, which can lead to poor data affordance, or a data set not 
understandable by the actors at all, which can lead to non-affordance of those data (Lin et al. 2022). 
For power-by-the-hour, if airline companies look at the altitude-based fuel consumption data and plan 
to reduce fuel consumption cost based on the data, the data can be perceived as cost optimization 
affordance data. If the data analyst fails to structure the data that can reflect fuel consumption 
deviation based on different altitudes, fuel cost optimising action(s) cannot be taken with that data. 
Hence, actors will perceive action disaffordance from those data. 

Figure 1: Conceptual framework for actualizing data affordance

3.3 STEP 3: Performing Planned Action(s) 
Data affordance is actualized when the actor performs (planned) actions with the help of data (Strong 
et al. 2014). As discussed in section 2.2, the actualization process is influenced by many socio-technical 
factors, including employee expertise, organizational processes and procedures, controls, boundary-
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spanning approaches, and social capabilities (Zammuto et al. 2007). The actualization process requires 
organizational goals, the organizational context, and goal-directed actions (Strong et al. 2014). If we 
consider the power-by-the-hour example here, we can say the airline’s goal is fuel cost optimization, 
employees responsible to achieve this goal are the actors and a particular flight route in focus can be 
the context. The perceived data optimization affordance can only be actualised once the employees 
plan a flight route avoiding altitudes that require more fuel based on this data. In many cases, 
customers are dependent on the providers for specific services. For instance, maintenance of 
equipment can be done better by the manufacturers of that equipment, having designed the 
equipment and knowing how to utilize data for better actuating the planned outcome(s) (Bilgeri et al. 
2019). For the service providers, on the other hand, familiarizing themselves with these equipment 
data will help their service offerings to be more efficient, effective and proactive in the future. In the 
power-by-the-hour example, the airline company might benefit more while making a revised route 
plan for fuel optimisation together with Rolls-Royce. As the engine manufacturer, Rolls Royce can 
provide expert inputs to modify engine operation in the revised route while avoiding any probable 
failure. 
 
3.4 STEP 4: Data Affordance Evaluation 
The final step is about evaluating the effect of actualizing data affordances. According to Strong et al. 
(2014), firms can evaluate whether the actualized affordances matched the perceived affordances by 
identifying the planned goal achievement. In the case of a customer firm sharing data with its service 
provider to mutually achieve a more effective result, the evaluation can help the customer firm answer 
the question: “…did we achieve the goal more effectively due to the data sharing and did the sharing 
harm our competitive advantage in any way?”. If the answer to the first part of the question is Yes and 
the second part of the question is No, then the firm might continue sharing the data with its service 
provider in the future, the data sharing might not be preferable if the answers are any different. 
Additionally, the actualization of existing data affordances opens doors for the identification of 
emergent perceived affordances from the existing data set that can achieve more goals in the future 
(Pozzi et al. 2014). For example, Naik et al. (2020) identified the preliminary perceived artefact 
affordances (i.e., Internet of Things) as first-order affordances. They found that actualizing first-order 
affordances help firms identify additional emergent affordances which they call second-order 
affordances. Actualizing second-order affordances help firms to perceive third-order affordances, 
which are externally more generalizable. For example, data through IoT can afford remote monitoring, 
which can afford remote maintenance, which in turn can afford more cost-efficient service operations. 
This emergent affordance identification process is facilitated by a feedback loop in which the utilized 
data, together with the results of their actualization, is sent back to the data shaping step (Step 1 in 
Figure 1) for further analysis, structuring and identifying emergent perceived affordances. For the 
power-by-the-hour example, if the airline succeeds in achieving fuel cost optimization together with 
Rolls-Royce, they can consider data sharing as a means to gain competitive advantage and continue 
the practice in the future. The fuel cost optimization affordance here can be acknowledged as the first-
order affordance. After fuel cost optimisation, further data analysis can emerge flight route 
optimization opportunities for the airline, which can be considered a second-order affordance. 
 
4. LIMITATIONS AND FURTHER RESEARCH 
Affordance, as a concept was originally intended to use for material objects. Data per se, however, is 
not a material artefact, although we conceptualize it as a technological artefact considering its source 
of origin and action possibilities towards certain goals. As our work is conceptual, there is a need for 
empirical research to further develop and test the framework. Furthermore, while affordance 
generally concerns the relationship between an individual actor and an object or the environment, 
the concepts of shared affordance and collective affordance go beyond such dyadic conceptualisation 
(Strong et al. 2014). These concepts should be of particular relevance to servitization research, where 
the notion of a service ecosystem, with multiple parties working together towards a shared objective, 
has gained increased importance both theoretically and empirically.  
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5. IMPLICATIONS 
From a theoretical perspective, affordance as a conceptual lens has made late inwards in marketing 
(e.g., DeLuca et al. 2021) and servitization literature (e.g., Naik et al. 2019; Lin et al. 2022). We extend 
the application of the technology affordance concept at the organizational level and to the context of 
immaterial artefacts, such as data. Our conceptual framework shows the process of identifying 
affordance along with the disaffordance (Lin et al. 2022; Wittkower 2016) of data. We believe our 
attempt will encourage more scholarships to use the affordance lens for more immaterial artefacts 
for identifying their action possibilities from both literary and practical aspects. 
 
From the managerial point of view, one of the most significant hurdles to successful data usage for 
decision support is organisational silos, which refers to organizational functions not making data 
available to other units within the organization. If there is a problem with data flow within an 
organization, the expectation of data sharing between multiple organizations will be even lower 
(Opresnik and Taisch 2015). Data affordance can hence be used as a tool to identify what kind of data 
requires certain control and governance and what data needs sharing with partners for benefits. 
  
6. CONCLUSION 
Data in a servitized setting can be a source of competitive advantage for firms if utilized properly. In 
order to capitalize on the full potential of data, firms might need to share it with partners for effective 
analysis. However, many firms fear sharing data due to concerns such as risks of opportunistic 
behaviour and security breaches. To facilitate data sharing, we seek to understand the action 
possibilities of data sets, which can help firms to identify the benefit and threats arising from the data 
and decide which data can be shared for their own betterment. Adopting affordance as our conceptual 
lens, we present a conceptual framework that delineates data affordance as a systematic process to 
help firms identify emergent data affordances. 
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GROWTH CHARACTERISTICS OF DUTCH MANUFACTURING SMEs DURING THEIR DIGITAL 
SERVITIZATION JOURNEY: A PUNCTUATED EQUILIBRIUM PERSPECTIVE 

Chris Maliepaard, Robin Reijrink, Yvonne Kirkels & Henk Akkermans 

ABSTRACT  
Purpose: The purpose of this study is to understand which factors drive innovation and growth of 
Dutch manufacturing SMEs during their digital servitization journey. 
Design/Methodology/Approach: The present study is based on a grounded theory approach and an 
exploratory multiple case study involving 6 SMEs from the Dutch manufacturing industry. 
Findings: The authors found that the interplay between incremental exogenous spike catalysts and 
endogenous main growth factors influence innovation and business growth of manufacturing SMEs 
during their digital servitization journey. 
Originality/Value: This study enhances the understanding of organisational responses to factors of a 
growth inhibitors and spike catalyst nature when pursuing a digital servitization journey. 

KEYWORDS - Smart services, Digital servitization, Digitalization, SME, Punctuated equilibrium 

1. INTRODUCTION
In the last decennium many manufacturing companies have finalized their transition from

'mechanical to electrical' by a full integration into their product lines, work processes, organizational 
design and business operations. Now, more and more of these companies are on the eve of an 
’electrical to digital’ transition as stepping stone of their ‘product to service’ transformation. This so-
called digital servitization is an important industrial trend and focuses on adding digitally enabled 
services (i.e. advances services) to the product range to create additional customer value (Adrodegari 
and Saccani 2020). A high-quality service offering based on contemporary digital technology is thereby 
seen as an attractive business opportunity, opening up stronger and richer customer engagement, and 
creating competitive advantage (Akkermans et al. 2019). 

To date, many manufacturing companies struggle to find a suitable transformation pathway to 
digitize and servitize their business. Manufacturing companies must understand and redesign their 
product- and service-innovation processes to become competitive as an advanced service provider 
rather than as a product provider. The underlying transformation processes to achieve digital 
servitization are wide-ranged and complex. They often require a multitude of organisational changes 
including business processes, working practices, new knowledge and new skill sets. 

Some large manufacturing companies like Honeywell (aerospace equipment), ABB (power plant 
equipment), Siemens (medical equipment) and GE (Jet engines) have shown to be successful in the 
digital transformation of their businesses through the adoption of digital technology and the execution 
of a digital servitization strategy. Few empirical studies describe in detail the digital servitization 
journey of these manufacturing companies (Ciminia et al. 2021; Baines et al. 2020; Akkermans et al. 
2019). Some of these studies focus on competence development as basis for a successful 
transformation process (Ciminia et al. 2021). Some studies describe the various stages of the 
organisational transformation process and the contextual, process and content factors affecting the 
transformation (Baines et al. 2020). Other studies highlight the various types of complexities a 
manufacturing company has to overcome for a successful completion of a digital servitization 
transformation process (Akkermans et al. 2019; Peillon and Dubruc 2019). 

Through time, the realms of management studies and innovation management have developed a 
joint academic body of knowledge containing theoretical insights in the relation between innovation 
and business growth (Abernathy and Utterback 1978; Vanhaverbeke 2017). These insights have helped 
many researchers when analysing the growth characteristics of large and small companies.  
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Despite this body of knowledge, it still remains unclear which factors drive innovation and growth 
during the digital servitization journey of manufacturing SMEs. Just like large companies, they have to 
develop new competences, pass various transformation stages and master various complexities during 
their digital servitization process (Vanhaverbeke,2017). Due to differences in size, knowledge and time 
constraints, the pathway for large firms cannot just be duplicated by SMEs (Vanhaverbeke et al. 2012). 
Literature is limited in detailed descriptions of the journey of these manufacturing SMEs (Dmitrijeva et 
al. 2019; Peillon and Dubruc 2019). This under-researched status is striking since worldwide SME’s play 
a crucial role in the economic growth, sustainability goals and environmental welfare of countries. 
Even though under-capitalised and under-resourced but largely present, successful changes in SMEs’ 
business operations normally lead to large macro-economic effects and contribute to the reduction of 
the backlog compared to large firms (European Commission 2018). 

By studying the journey of 6 Dutch manufacturing SMEs from a past-presence-future perspective, 
we investigate which factors drive innovation and growth during their digital servitization journey.  

 
2. THEORETICAL BACKGROUND 

Through servitization, manufacturing companies aim to add services to their product lines in order 
to create mutual value in a more effective way, for both the customer and themselves (Adrodegari and 
Saccani 2020). But the underlying transformation from product orientation towards service orientation 
comes with barriers and obstacles and is therefore seen as a challenging and complex matter (Baveja, 
Gilbert and Ledingham 2004). This change in orientation becomes even more challenging when 
contemporary digital technology is integrated in the transformation process. Digitally-enabled 
product-service offerings disrupts the fundamentals of organisations impacting product lines, service 
working processes, skills & competences, organizational design and business operations (Coreynen et 
al. 2017).  

Literature on management studies provide a number of approaches and insights how to master 
servitization transformation challenges and successfully adopt digital technology to innovate product-
service offerings. Akkermans et al. (2019) and Peillon and Dubruc (2019) position the transformation 
process as a quest for mastering four types of complexities: technical/technological complexities, 
organizational complexities, ecosystem-related complexities and customer-related complexities  Large 
firms, start-ups and SMEs seem to follow different pathways to master these complexities. For 
instance, SMEs follow a certain order: first the organisational complexities and customer-related 
complexities are handled, then the technical/technological complexities and finally the ecosystem-
related complexities (Dmitrijeva et al. 2019; Peillon and Dubruc 2019). Ciminia et al. (2020) indicate 
that a successful transformation process is a result of a coherent interplay between the four 
capabilities (technical, methodological, personal and social) and two servitization strategies (product-
centric and ecosystem-centric). The majority of the studied industrial companies seem to follow a 
pathway with a primarily focus on the enhancement of technical and methodological competences 
within a strategic product-centric orientation. Baines et al. (2020) approaches the servitization 
transformation process from a strategic organisational maturity perspective. A servitization 
progression model explains how the servitization journey of industrial companies evolves through four 
consecutive stages of organisational maturity (Exploration, Engagement, Expansion and Exploitation) 
in accordance to five sets of contextual factors (Organisational readiness, Organisational commitment, 
Technology pull, Value network positioning and Customer pull). The stage transitions are safeguarded 
by so-called tipping points representing the organisational consent to enter the next stage. Lütjen et 
al. (2017) investigated the servitization transformation process from an innovation management and 
resource-based perspective and indicate that differences in extents of servitization journeys can be 
explained by individual, company and industry contingencies.  

Literature on innovation management, in general, describe micro perspective theories that 
concentrate on factors that influence the nature and the success or failure of particular technology-
initiated innovations. The S-curve theory of Foster (1986) shows that technology developments go slow 
in the beginning, take a flight in the adolescence phase and slows down again when existing technology 
has reached maturity. Abernathy and Utterback (1978) used the distinction between incremental and 
radical innovation to show how established industries go through (long) periods of stability with 
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changes confined to incremental innovations and short periods of disruption with changes confined to 
radical innovation. This theory of punctuated equilibrium is linked to major technological advances. 
Advances that most firms try to avoid, since the adoption of new technologies involve investments in 
new skills, new knowledge, new machines and new organisational processes. Most large firms and 
SMEs therefore strive to avoid these technological discontinuities that punctuate the equilibrium and 
aim for long periods of ‘equilibrium’ in which existing knowledge can be improved (Thompson 1967). 
Furthermore the response to discontinuities differ per type of enterprise. According to Vanhaverbeke 
(2017), SMEs show a conservative attitude towards these discontinuities. Their daily business, 
unfamiliarity with technology developments and unawareness of the competitive danger inhibits them 
to take advantage of new technologies. If they are aware of the urgency to change and want to 
innovate, their lack of knowledge, financial resources and time often inhibits them to undertake action. 

Both literature on management studies and innovation management indicate that transformation 
journeys like digital servitization, are influenced by the dynamics in the surrounding as well as the 
characteristics of the organisation itself (Vanhaverbeke 2017). From a macro perspective, progression 
may be perceived to be a linear and unidirectional stepwise process, but a micro perspective even 
though shows that every step within these trajectories is of a more organic and repetitive nature 
influenced by exogenous as well as endogenous factors (Baines et al. 2020). It still remains unclear 
what these influencing factors are, especially for manufacturing SMEs. Insights into these factors will 
clarify how these SMEs can deal with their dynamic surroundings and organisation. 

 
3. METHODOLOGY 

This study’s purpose is to identify the main factors Dutch SMEs acknowledge as drivers for pursuing 
a digital servitization journey. The study is based on a grounded theory approach and an exploratory 
multiple case study involving 6 SMEs from the Dutch manufacturing industry. We studied these 
companies from a past-present-future perspective to better understand which factors contributed to 
the adoption of digital technology to innovate product-service offerings and service working processes 
of SMEs. Data collection was based on exploratory interviews with 10 executives from SMEs actively 
pursuing the development and delivery of advanced services to the market. All interviews were 
conducted by an MS-team video connection using a structured questionnaire. The interview questions 
were structured to explore the company’s use of digital technology in past and present and to capture 
the company’s expectations on future applications. Each interview lasted approximately 60–75 
minutes and was video-recorded. All recordings were afterwards transcribed for data analysis purpose. 
The respondent was requested to confirm the contents of the transcript. An overview of the companies 
that were interviewed can be found in Table 1. 

 
 Table 1: Participants and their Organisation 

 
      

4. EMPERICAL FINDINGS 
This study provides insights in which main factors have led Dutch manufacturing SMEs to adopt 

digital technology in their digital servitization journey. As displayed in Table 1 the majority of the SMEs 
operate at an intermediate service level. The empirical findings are ordered as follows: First, in 6 case 
descriptions the journey of the manufacturing SMEs is briefly described from a past-to-presence 
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perspective highlighting the factors that contributed to their growth during the digital servitization 
transformation. Second, the identified factors from the cases are categorized and interpreted.  

 
4.1 Case Descriptions 

Case 1: “In the past laws and regulations were not of significant importance. That all changed with 
the ozone issue of the 80’s”. 

The SME of case 1 is an international industrial refrigerator manufacturer whose products are 
purchased by the agricultural, floricultural, flowers, food processing and medical industry for 
controlled cooling of food, flowers & plants and medicines under specific conditions. Increasingly strict 
national and international laws and regulations (e.g. the carbon fibre reinforced plastic act) result in 
an increasing amount of obliged inspection of deployed installations. Since accurate cooling conditions 
are a crucial part of primary business processes and economic viability of asset owners, often a request 
is issued for monitoring the installation by on-site physical presence of a service engineer on a 24/7 
basis. With a current workforce of service engineers (15 FTE) the increasing amount of requested and 
obliged on-site service activities was no longer feasible. As response, the SME extended the workforce 
with freelance service engineers and invested in adding sensors and internet connectivity to the 
cooling installations. Captured sensor data is now used for monitoring purposes and for supporting 
problem solving activities, reducing the necessity of on-site presence. 

 
Case 2 “We need to standardize our installations. We sold hundreds of unique installations 

manufactured according to customer specs. We cannot service these anymore within agreed SLA 
conditions”.   

The SME of case 2 is an international potato processing manufacturer whose product lines cover all 
production steps between selecting potato’s for processing and packaging of potato products. A 
continuously ongoing process where interruptions or unplanned downtime cause severe 
consequences regarding end product quality and potato intake. The Covid-19 pandemic limits national 
and international travelling of service engineers (7 FTE). This resulted in the resignation of 3 service 
engineers due to loss of overtime payments related to corona restricted international travelling and 
new (Belgium) overtime legislation, maximizing the amount of overtime per person. Travelling 
limitations also led to the company-wide enabling of remote engineering using Google glass devices. 
The idea of applying Google glass devices in deployment and service activities was due to a severe 
delayed deployment project in Morocco where non-refundable potato-intake-contracts with farmers 
and unavailability of service engineers forced the manufacturer towards a digitally enabled remote 
support solution using a Google glass device.  
 

Case 3: “To prevent white label service engineers to perform services we came up with the idea of 
remote monitoring”. 

The SME of case 3 produces elevator and scissor lifts targeting at heavy lifting in the green house 
and railway work area. All national or international service activities are handled by Dutch service 
engineers (5 FTE). Non-successful servicing or repair attempts by white label service engineers often 
lead to a delayed official service request at the manufacturer who then faces the scenery of an 
unfinished repair job, the use of non-compliant spareparts and lubricants, rewiring and short cuts etc. 
etc. This frequently results in an increased on-site service time outbalancing and diminishing 
manufacturing time for the mechanical and service engineer. As a result this SME invested in PLC 
technology to reduce the amount of accessible mechanical parts limiting unauthorised modifications. 
Recently, the SME started investing in contemporary oil sensor technology for remote monitoring 
servicing and to strengthen the manufacturer-customer relationship. Nowadays, 1st line helpdesk 
problem solving activities are supported by video apps like FaceTime, reducing the call time 
significantly since precise handling instructions can be given to the on-site customer.    

Case 4: “A few years ago we already made some progress in digitizing our service processes, but 
during the Covid-19 pandemic we suddenly saw clear benefits of these efforts”. 

The SME of case 4 is an international market leader for egg handling, stable and slaughter 
installations for the poultry sector. Animal welfare legislation, environmental issues and the Covid-19 
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pandemic boosted by strong competition in the poultry sector, led to accelerated product and service 
innovation founded on contemporary digital technologies. Today’s product lines contain digitally 
enabled installations with remote monitoring, remote assistance and remote problem solving facilities 
minimizing national and international travelling. A year ago, the current management -sons and 
daughters of the initial founder- introduced a new business strategy aiming to develop a digital poultry 
house where a conditioned and controlled environment can be guaranteed at all time and can be 
monitored remotely on 24/7 basis. To safeguard the development of product lines and ancillary service 
offerings, the SME started to invest in digital knowledge and free up internal resources. Therefore, the 
SME extended its ecosystem through co-creation with third parties in the area of sensor solutions, 
software development, data management and dashboarding, and partnered with an international 
network of 130 dealers. 
 

Case 5: “Providing remote diagnostics is in general an advantage, but since steam is a conservative 
market we still don’t know if it is the factor that makes the decision to buy”.   

The SME of case 5 is an international manufacturer that sells and rents steam and heating boilers 
for industrial use. The service activities focus on 24/7 repair activities, regular servicing and efficiency 
improvement as well as obligated adjustment activities to meet increasingly strict laws and regulations 
on COx and NOx emissions. Modern boilers have an modem installed allowing upfront remote 
diagnose by the helpdesk reducing immediate on-site presence. National and international service 
activities that need to be executed on-site are in general performed by Dutch service engineers (10 
FTE). But when a maximum travelling distance or travelling time is exceeded, a service engineer from 
a local partner company is hired. To maintain control over steam and heating installations worldwide 
at all times with a persistent declining Dutch workforce, this SME is currently deploying a full data 
driven service process in order to transform the current headquarters into a data expertise centre for 
national and international service provisioning.    
 

Case 6: “Yeah, it’s changing the way the whole service business is working, you need to have service 
engineers who want to work with apps and computers” 

The SME of case 6 is an international food processing equipment manufacturer, active in 150 
countries. Support requests are initiated by the customer based on own observations or based on 
digital signalling from the installation itself. Knowledge sharing within the organisation is 
underexposed. Limited knowledge within the service department on the digital behaviour of recent 
launched installations therefore frequently results in a handover of 1st line service support or repair 
cases to the software development engineers. To free up software development engineers for these 
support requests by the service engineering staff, external software agencies are contracted to build 
software modules for remote access and monitoring of installations. Recently, a secure platform 
initiative called “Global View” is launched, offering customers the possibility to access their installation 
data and spare part listing without contacting the engineers of the service organisation.  

 
Table 2 presents a brief overview of factors that contributed to the adoption digital technology by 

the 6 manufacturing SMEs.  
 

4.2 Categorisation and Interpretation 
The exploratory research allowed us to identify the factors that led to service innovation during the 

digital servitization transformation. These factors can be categorized in incidental spike catalysts and 
main growth drivers. In general, most incremental spike catalysts have an exogenous origin and main 
growth drivers have an endogenous origin.  
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Table 2. Overview of Influencing Factors per Case 

SME  Factors that contributed to innovation/growth 

1   - Increasingly strict national and international emissions laws and regulations  
- Increasing amount of customer requests for 24/7 presence or remote monitoring  

2  - National and international travelling limitations due to Covid-19 
  - Recent laws and regulation in Belgium on overtime maximization 
  - Resignation of service engineers due to limitations in overtime payments and  

     international travelling 
  - A severe delayed deployment project in Morocco 
3  - Non-successful servicing or repair attempts by white label service engineers 
  - Prediction of production time and delivery is hampered by immediate response 

     service requests due to freelance engineers’ unfinished and unauthorised work. 
4  - National and international animal welfare laws and legislations 
  - National and international environment laws and regulations 
  - National and international travelling limitations due to Covid-19 
  - New management introduces a digital-centric business strategy 
5  - Increasing amount of customer requests for 24/7 service and repair activities 
  - Increasingly strict national and international emissions laws and regulations 
  - Inability to increase work force due to perceived product reputation 
6  - Increasing span of control on international service activities  
  - Knowledge and cultural gap between service engineers and development engineers 

     leading to handover of service activities to the development team 

 
4.2.1 Incidental Spike Catalysts 

During the smart service journey all SMEs face numerous challenges caused by incidental spike 
catalysts. These spike catalysts have an immediate effect on their business operations. Executives see 
in digital servitization a feasible solution to increase their resilience and to reduce the impact on their 
workforce. Executives report the following incidental spike catalysts that contributed the pursue of a 
digital servitization journey.   

Covid-19 pandemic. During the period 2020 – 2022, countries worldwide limit international 
travelling to prevent the spread of the Covid-19 virus. As a result the costs of international travelling 
increase dramatically. SMEs are unable to provide on-site service activities to foreign customers 
making it impossible to fulfil agreed SLA obligations. Furthermore, the non-travelling conditions made 
service engineers decide to resign due to loss of international travelling opportunities and/or overtime 
payments.  

Law and regulation adjustments. Worldwide, countries have made stringent changes to laws and 
legislations in the area of emissions, animal welfare and environmental preservation, leading to 
additional or more frequent obligatory service activities. Breaching these legislations may cause a 
(temporary) shutdown of the customer’s business. By demanding additional service activities on top 
of the agreed SLA, asset owners want to prevent disruption of their economic activities. SMEs have to 
assign scarce resources to meet these demands.   

Freelance service agencies. Non-successful servicing or repair attempts by non-certified white label 
service engineers often lead to a high priority official service request by the asset owner. In many cases 
the SME then faces a scenery of an unfinished and a non-complaint repair job, which results in an 
enhanced on-site service time outbalancing and diminishing manufacturing time for the attending 
engineer.  

Delayed deployment projects. Delays in deployment of installations can have huge impact on the 
profitability of asset owners. Asset owners are usually facing non-refundable intake-contracts with 
suppliers (e.g. farmers). To prevent these in-take contacts to become breached the asset owner 
expects guarantees from manufacturing SMEs regarding the commissioning of the installation.  
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4.2.2 Main Growth Inhibitors 
Next to the incidental exogenous spike catalysts, the studied manufacturing SMEs also face main 

growth inhibitors related to internal operational management. These main growth inhibitors have led 
SMEs to pursuit a digital servitization journey. Executives report the following main growth drivers. 

Own resource policy. Limited budgets and growth expectations of SMEs result in a reticent 
recruitment of new human resources limiting a fast response on opportunities and challenges.     

Labour market scarcity. The contemporary labour market conditions limits the ability of SMEs to 
recruit new technical staff as replacement for staff outflow or for extension of the work force.  

Span of control. The manufacturing nature of SMEs implies a strong product focus. Absorbing and 
managing an increasing amount of technical staff members with different profiles entails a number of 
organisational changes and can lead to a loss in span of control since it requires an in-depth 
understanding of the organisational maturity and capabilities.    

Nature of technology. Most manufacturing SMEs just entered the electronic domain after leaving 
the mechanical domain. Market demands digital enables features and services prohibit SMEs from 
going navel-gazing. Therefore, digital technology require SMEs to leapfrog towards the digital, data 
and remote domain even though in day-to-day business they still operate with a mechanic and 
electronic mindset.  

5. DISCUSSION
Our findings suggest that the digital servitization transformation of Dutch manufacturing SME is

initiated by both incidental spike catalysts and main growth inhibitors. Since the majority of the SMEs 
operate at an immediate service level, these SMEs have experienced growth when changing their 
business operations from a basic level to an intermediate service level. This higher service level is 
achieved through the introduction and use of digital technology. Our findings reveal that, conform the 
study of Vanhaverbeke (2017), manufacturing SMEs appear reluctant to incorporate new technology 
into their business. Also observed growth is not immediately initiated by the worldwide availability of 
a next level of technology. The SMEs in our study started the integration of digital technology into their 
service innovation after being confronted with unforeseen and instant events that have a major impact 
on the customers’ operations or as an alternative for internal inabilities related to own organisational 
resource policies. In accordance to reserved attitude towards both endogenous as exogenous 
disruptions, SMEs have the tendency to mitigate business risks by temporarily allocating additional 
human resources. When business risks occur incidentally and the impact of reassigning human 
resources on the ongoing business operations is limited, this mitigation policy is viable. Therefore, this 
mitigation policy will have little effect on the challenges related to the main growth inhibitors and 
preserve the status quo. Market demands like 24/7 on-site presence, app-compatible services and an 
internal business demand to preserve the managerial span of control of an increasing amount of 
national and international installations, help to address the main growth inhibitors. Fulfilment of these 
demands is normally of a medium term nature.  

Against this background, incremental spike catalysts must be seen as major disruptions, requiring 
an immediate response from SMEs and speeding up the solution-solving process to overcome the main 
growth inhibitors. The study reveals that incremental spike catalysts enable investments in digital 
knowledge and free up resources for a swift deployment of innovative digital solutions to fulfil agreed 
SLA obligations. Confronted with a persistent labour market scarcity and the limited absorption 
capacity of the own organisation, SMEs tend to mitigate for the consequences of the incremental spike 
catalysts and main growth inhibitors by seeking collaboration with the technical staff of their business 
partners: customers, dealers, IT agencies and others. 

5.1 Theoretical Implications 
Several scholarly implications can be deduced from the results. The core of these implications lies 

in providing holistic insights into the pursue of digital servitization of manufacturing SMEs when 
dealing with incremental spike catalysts and main growth inhibitors. Findings suggest that both main 
growth inhibitors as incremental spike catalysts contribute to innovation and growth during the digital 
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servitization journey. In accordance to the studies of Dmitrijeva et al. (2019) and Peillon and Dubruc 
(2019), main growth inhibitors have the effect of increasing the lead-time of the digital servitization 
journey since it is characterized by incremental innovations, primarily determined by internal human 
resources capacity and a predefined level of customer care. On the contrary, incremental exogenous 
spike catalysts significantly decrease the lead-time of the digital servitization process by investments 
in digital knowledge, through radical innovations, and by collaborating with the technical staff of their 
business partners. These growth characteristics are consistent with the research findings of Abernathy 
and Utterback (1978).    

The organisational response to incremental spike catalysts show that manufacturing SMEs 
immediately strive to reinstate stability (i.e. equilibrium) in their internal and external operations 
(Thompson 1967). To minimize the consequences of uncertainties, SMEs engage in collaborative 
partnerships. According to Bode et al. (2011) this coping mechanism can be characterized as 
“bridging”. Bridging encompasses actions taken by organisations attempting to manage uncertainties 
through engagements with exchange partners. The other coping mechanism, according to Bode et al. 
(2011), is “buffering”, so allocating extra resources in anticipation of possible future shocks. Buffering 
can include human and machine capacity, spare parts or equipment. Given their limited size,  buffering 
seems not to be a policy that these manufacturing SMEs see as viable.   
  
5.2 Managerial Implications 

This study provides practical insights for the management of manufacturing SMEs. To determine a 
suitable digital servitization journey, management should scrutinize the nature of observed exogenous 
and endogenous factors. In this study the majority of incremental spike catalysts are of an exogenous 
origin and the majority of main growth inhibitors are of an endogenous origin. Management should be 
aware that advancing their digital servitization journey requires ample understanding of the factors 
and the origin of the factors. Not all incremental spike catalysts must automatically be considered 
exogenous (e.g. a new business strategy instated by new management) and not all main growth 
inhibitors endogenous (e.g. market saturation). An important task for management is to obtain 
meaningful interpretations of these factors and their origins before making and executing digital 
servitization related decisions. 
 
5.3 Limitations and Future Research 

Two limitations of this study should be considered in the interpretations of its results. First, our 
results are obtained from a limited number of manufacturing SMEs. Future studies should generalize 
and validate the findings based on a larger research population. Second, we applied an holistic view  
on the impact of endogenous and exogenous factors on innovation and growth during the digital 
transformation journey. The results gave insights in the relationship between the factors and dealing 
with complexities (Akkermans et al. 2019). Future studies should investigate how incremental spike 
catalysts and main growth inhibitors interplay with, for instance, the organisational maturity model of 
Baines et al. (2020) and the competence development model of Ciminia et al. (2020). Finally, future 
research should investigate the effectiveness of the two coping mechanisms (buffering and bridging) 
during the consecutive stages of a digital servitization journey. It should be very interesting to examine 
how organisational responses contribute to achieving individual stage objectives.  
 
6. CONCLUSION 

Nowadays, manufacturing SMEs are aware that digital servitization can be an attractive business 
opportunity, opening up stronger and richer customer engagement, and creating competitive 
advantage. But the struggle to find the right approach for adoption of digital technology, diminishes  
valuable innovation potential and necessary business growth of manufacturing SMEs. Since worldwide 
SME’s play a crucial role in the economic growth, sustainability goals and environmental welfare of 
countries, SMEs earn our support in all possible ways, both in the field of practice and science.  
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WHEN DEMATERIALIZATION TRENDS OF SERVITIZATION FOSTER MATERIAL EFFICIENCY 
 
 

Marco Compagnoni & Erica Santini 
 

  
ABSTRACT  
Purpose: The aim of this paper is to assess the effectiveness of servitization in supporting the green 
transition and allowing material efficiency in markets strongly affected by digital technologies, i.e., 
electrical and electronic equipment (EEE). 
Design/Methodology/Approach: Applying a multilevel perspective to an original dataset, we empirical 
investigate the variety of trends showed by the different categories of PSS in the EEE market. 
Moreover, we map the related consumption of raw materials with a specific focus on the critical ones. 
Findings: First, the paper shows the role and magnitude of servitization dynamics in reducing the EEE 
market material inflow. Secondly, findings present some drawbacks of current evolution of 
technologies that are mainly related to the increasing market share for complex EEE, such as, laptop 
and mobile devices. 
Originality/Value: This paper allows to map out the variety of dematerialization trends triggered by 
the surfacing of more advanced categories of PSS over time. Results support researchers and 
practitioners in understanding and designing material efficiency strategies based on dematerialization 
trends fostered by servitization. 
 

 
KEYWORDS: servitization; PSS; dematerialization; product complexity; material efficiency. 

  
1.   INTRODUCTION 
 
Digital technologies have strongly modified the way we live and produce value (Allen, 2017). In this 
regard, digital servitization literature underlines that new ways to deliver customer solutions are 
triggering dematerialization trends (Tronvoll et al., 2020; Khanra et al., 2021). The spread of Product 
Service Systems (PSS) has indeed supported the dematerialization of physical products referring to 
“the absolute or relative reduction in the quantity of materials required to service the economic 
functions in society” (Baines and Lightfoot, 2013, 36). 
Digital servitization literature highlights that digital technologies, especially big data, analytics, and 
cloud computing are bedrocks for the development of intermediate and advanced services such as 
remote monitoring, predictive maintenance, and pay-per-use contracts (Paschou et al., 2020). Here, 
the value creation process leveraging on data allows a partial or total dematerialization of the tangible 
part of the costumer solution (Beuren et al., 2013). For this reason, PSS has been included in the set of 
tools supporting the green transition (Babbitt et al., 2021; Bressanelli et al., 2020; Mont and Lindhqvist, 
2003; Tukker, 2015). 
Despite in the electric and electronic equipment (EEE) markets dematerialization seems to take place 
at warp speed, production and consumption activities increasingly exploit natural resources, both in 
terms of absolute extractions (Mayer et al., 2017; Wiedmann et al., 2015) and number of elements/raw 
materials employed in technologies and products (Graedel et al., 2015). Moreover, PSS are an 
heterogenous set of customers solutions (Baines et al., 2017; Brax and Visintin, 2017; Neely, 2008). 
Therefore, dematerialization trends and their effects on material efficiency, i.e., the amount of 
materials used to produce one unit of economic output or to fulfil human needs (Zhang et al., 2018), 
can strongly vary (Beuren et al., 2013). 
In this paper we empirically investigate the progress of the EEE market towards material efficiency. 
We specifically focus on the impact of servitization dynamics on the raw materials consumed by this 
market. More precisely, we make use of data on the number and mass of EEE placed on market (POM) 
in Europe and on their contents in terms of raw materials, namely bill of materials (BOM). The level of 
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detail of our data allows us to check for interactions among the demands for various products and how 
this affects the composition of the market inflow in terms of quantity and type of resources. 
Specifically, we distinguish and explore the use of critical materials.  
Our paper attempts to provide a number of contributions. First, it empirically investigates the role and 
magnitude of servitization dynamics in reducing the EEE market material inflow: analysis based on 
quantitative data are still limited (Tukker 2015). Secondly, we provide evidence for some drawbacks of 
current evolution of technologies, also due to servitization dynamics, such as the increasing market 
share for complex EEE (Ljunggren Söderman and André, 2019), i.e., devices containing relatively high 
number of materials. Third, in the same vein of Kasulaitis et al., (2019), we distinguish 
dematerialization trends due to products substitution and convergence, and trends of products 
lightening, in order to better identify possible drivers of material efficiency. 
 
2. TECHNOLOGICAL TRANSFORMATION AND MATERIAL EFFICIENCY 
 
Digitalization is at the core of the European Union strategies for post-Covid recovery, i.e. NextgenEU 
(European Commission, 2021), and long-run sustainable development, i.e. European Green Deal 
(European Commission, 2019). The adopted recovery and resilience plans aim to contribute 117 billion 
Euros to the digital transformation, directed to, for example, to the development of artificial 
intelligence, the digital transformation of public services and connectivity measures (European 
Commission, 2021). Technological transitions have been since long heralded as drivers for 
sustainability both in terms of emissions and climate change impacts and to alleviate the issue of 
resources scarcity. On the one side, the development of green technologies is essential for 
decarbonization and the reduction of greenhouse gasses emission, enabling transports and energy 
transitions first of all (Allwood et al., 2019; Stern and Valero, 2021). On the other side, technological 
progress should allow for a decoupling between consumption and use of resource (Singh and 
Chudasama, 2021; Zhang et al., 2018) through a twofold mechanism: a substitution of tangible with 
intangible components to satisfy the consumer needs (Porter and Heppelmann, 2015); an increasing 
material efficiency, that is the capacity to providing material services with less material production and 
processing (Allwood et al., 2011). On this resource efficiency perspective, servitization have received 
great consideration and financing (Tukker, 2015). 
Servitization bases on the idea that high value-added services are complementary to the material 
artefacts, and they are part of the complexification of the manufacturing division of labour (Cohen and 
Zysman, 1988). Today this trend is growing. The value of material artefacts is indeed lowered by the 
propelling power of new technologies that, increasing replicability of information gearing, marginalise 
economies of scale in the physical transformation (Porter and Heppelmann, 2015) and enlarge the 
space and value of services (Cusumano et al., 2015). Material artefacts seem then to have lost their 
central role in the value creation processes of manufacturing and left room for services aiming at 
customizing usability and even at replacing the tangible product (Neely, 2008). 
Indeed, as for the different PSS components, engineering material and intangible artefacts, Porter and 
Heppelmann (2014) pointed out that physical components, defined as the mechanical or electrical 
parts of an artefact, are not able alone to create manufacturing value in a sustainable way anymore. 
Both “smart” and “connectivity” components compete to create value in the renewed value creation 
processes of manufacturing. In combination with the physical components, smart components amplify 
the functions and the value of this customer solution, allowing for example data storage, customization 
by replacing some hardware components with software, and so on. Connectivity components have the 
power to amplify the capabilities and the value of the smart components, enabling one-to-one, one-
to many and many-to many connections, but also to make the product exists outside its physical life 
(ibidem, 2014). These two components allow to deliver a rich set of services enlarging the tradeable 
intangible artefacts. 
Markets seem therefore to experience a transformation characterised by an increase of trades based 
on intangibles and a reduction of tangible components on the different markets. In this regard, the 
servitization literature underlines the potential benefits of digital servitization (Tukker, 2015; Paschou 
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et al, 2020). This change in the consumers’ demand determines a radical transformation in the number 
and typology of products placed on market (POM) and, consequently, the stock of resources required 
for their production. On a product-level, technological innovation might support product lightening 
and, in some cases, functional dematerialization (Kasulaitis et al., 2015), which drive each category of 
products towards dematerialization (à la Moore’s Law). In this realm, servitization might lead to 
product substitution, i.e. the substitution of a product with another device with same function (e.g. 
early generations game consoles and newer generations consoles with internet connection); but also 
device convergence, i.e. the function of and the demand for a certain product are absorbed by another, 
pre-existing device which plays a number of functions (e.g. MP3s and smartphones).  
However, innovation aimed to increase the number of functions of a category of products has non-
trivial consequences in terms of quantities and typologies of resources embedded in products. 
Specifically, the increasing functionality of a device often entails an increased “product complexity”. 
Multi-materials use is an indicator for the level of complexity of a product (Ljunggren Söderman and 
André, 2019). Electronic devices are a typical example of complex products (Ljunggren Söderman and 
André, 2019). Over time, technologies have used a larger and more diverse array of materials, used in 
minor proportions and in complicated compositions (Graedel et al., 2015), many of which are 
considered as scarce and “critical” (Althaf and Babbitt, 2021; Cenci et al., 2021). Critical raw materials 
(CRM) are defined as such on the basis of their importance for strategic value chains and supply risk, 
which are high in both cases (Schrijvers et al., 2020). These materials are essential for low-carbon, 
Industry 4.0 and IoT technologies (Ku, 2018). On top of the issue of the EEE sector dependency on CRM, 
product complexity brings a dispersion of resources since a growing number of materials are contained 
in a growing number of products (Kasulaitis et al., 2019). Materials dispersion creates challenges in 
terms of electronic waste collection and subsequent material recovery, hampering the purity of 
recycled materials (Reck and Graedel, 2012). 
Therefore, the literature is not univocal, indicating that PSS may drive the EEE market towards the 
exploitation of a growing number of natural resources and towards a higher dependence on critical 
materials or towards a mitigation of this dependence. 
 
3. RESEARCH METHODOLOGY 
 
In order to assess the effective material efficiency driven by servitization trajectories, we make use of 
ProSUM1 project POM and BOM to analyse the evolution of EE placed on market, both in terms of 
units, weight and material contents. The former provides POM data for 30 European countries for the 
period 1980-2015, and the latter dataset covers the period 2000-2015. 
Previous studies dealing with the investigation of dematerialization trends of EEE took advantage of 
different sources of data that provide information at the level of components only (Babbitt et al., 2020) 
or quantify the mass of a limited number of elements (Althaf et al., 2021; Zeng et al., 2016). In our 
paper, the selected datasets allow us to offer a more comprehensive picture of the trends related to 
both products place on market and the material contents. ProSUM POM data cover all of the 54 United 
Nations EE categories and they are suited to develop a comprehensive picture of the EEE ecosystem 
evolution. ProSUM BOM dataset is the most comprehensive and detailed in the literature. Indeed, the 
dataset provides information on the mass of components, materials and chemical elements. 
Moreover, in ProSUM BOM products composition varies in time, and it is not assumed as constant as 
in other datasets (e.g., Babbitt at al., 2020). As a drawback, ProSUM BOM provide information at the 
2012 Electronic Waste Directive2 products aggregation level (6 categories). 
Applying a multilevel perspective, we empirical investigate the variety of trends showed by different 
categories of PSS and we map the related consumption of raw materials with a specific focus on the 
critical ones. 
 

 
1 http://www.prosumproject.eu/ 
2 Directive 2012/19/EU https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32012L0019 
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4. FINDIGS  
Results show different dematerialization trends depending on the typologies of EEE products and how 
servitization entered the sector. In what follows, the main findings are explored at EEE market level, 
at a PSS level and at a raw material level. This multilevel, longitudinal analysis allows to map out the 
evolution of dematerialization trends and complexification, together with their impact on the use of 
raw materials.  
 
4.1 EEE Market Level 
The aggregate number of EEE placed on market, that is the EEE ecosystem inflow in terms of units, has 
been steadily increasing until the 2007-2009 economic crisis. After a phase of recovery, demand for 
electronic devices reached a plateau phase. This slowdown of EEE ecosystem inflows is coherent 
indeed with what observed by Althaf et al. (2021) for the US and Parajuly et al. (2017) for Denmark, 
relying on different sources of data. These authors ascribed these trends to demand saturation, but 
servitization could also play a role. 

  
Fig. 1 Total number and weight of EEE placed on market at EU level, 1980-2015. 

A very similar trend has been followed by the aggregate weight of the EEE ecosystem inflow. This 
variable is also affected by a technological driver, i.e., the average weight of EEE POM, which decreased 
by about 0.5% yearly. 
On a per capita basis, EEE ecosystem inflows are very close to the aggregate trends shown above, both 
in terms of units and weight of products. In the period 1990-2007, the number of per capita EEE 
increased by 0.4 units yearly, reaching a phase of stability after 2010 around the 11 units at the EU 
average. 
 
4.2 PSS Level 
Starting from 2000, each category of EEE showed an increase of its inflow both in terms of units and 
weight, at least until the 2007 economic crisis (see Fig. 1). Considering, instead, the post-recovery 
period (2010-2015), the number of POM units decreased significantly for large equipment and lamps, 
and decreased slightly for small IT and temperature exchange equipment. This means that the 
European demand for EEE is currently driven by small equipment, and screens and monitors 
categories. 
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Tab. 1 also shows a general decrease of the average weight of EEE market inflows. Small IT and, 
particularly, screens and monitors categories are the ones showing the strongest lightening trends. 
These trends may be due to both a “composition effect”, i.e., the substitution or convergence of 
heavier devices into lighter ones, and to functional dematerialization, i.e., a reduction of the materials 
necessary to perform a function.  

Tab. 1 POM units, weight and average weight annual variations  by product category, years 2000-2015. 

Product category  POM units 
variation (in 
brackets: 2010-
2015) 

POM weight 
variation      

POM average weight 
variation 

Cat 1: temperature exchange 
equipment 

0.7% (-0.61%) 1.43% 0.7% 

Cat 2: screens and monitors 5.72% (2.05%) -7.67% -13.4% 

Cat 3: lamps 2.03% (-7.49%) 1.96% -0.07% 

Cat 4: large equipment 4.04% (-6.64%) 2.61% -1.43% 

Cat 5: small equipment 1.9% (3.43%) 0.65% -1.22% 

Cat 6: small IT and 
telecommunication equipment 

4.2% (-0.6%) 1.97% -2.24% 

EEE market: cat.1-6 aggregate 2.3% (0.64%) 0.77% -1.51% 

Fig. 2 provides a clear example of device convergence. The development of mobile phones performing 
a growing number of functions and services lead to the absorption of single-functional devices. Indeed, 
smartphones are now the typical artefacts used for audio and video recording and play, with the 
possibility to share and download contents, unlike MP3 and cameras. 

 

Fig. 2 Number of units placed on market by product type, at EU level, 1990-2015. Product categories (Magalini 
et al., 2014): 0402 portable audio and video (e.g., car navigation, MP3); 0403 radio, Hi-Fi; 0406 cameras. 

4.3 Raw Materials Level 
The substitution and convergence of devices entail non-trivial effects in terms of net aggregate weight 
of products POM. Device convergence implies a substitution of EEE with a single or few functions with 
devices endowed with more functions, i.e. more complex products (Ljunggren Söderman and André, 
2019). Despite the convergence of various products into a single device may allow to save resources 
(Kasulaitis et al., 2021), the increasing complexity of EEE has drawbacks both from an environmental 
and economic sustainability side.  
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By exploiting our dataset, we are allowed to define a “scale of complexity” for EEE on the basis of the 
number of elements detected in BOM data. More precisely, this scale is defined at product category 
level, since ProSUM BOM data are not available at a UNU-key level. Small IT and telecommunication 
equipment resulted to be the most complex devices, as largely supported by the literature (Tantawi 
and Hua, 2021), followed by screens and monitors (laptops and tablets included) and small equipment. 
These products categories are also the only ones for which an increasing demand is observed, when 
considering the post-economic crisis period. Consequently, these three categories are those that are 
gaining market share in terms of POM units, with screens and small equipment ranking first and second 
respectively. Small IT and telecommunication equipment are also gaining market share in terms of 
POM mass (Tab. 1). 
These results provide evidence for a shifting of the EEE markets towards smaller, lighter, multi-
functional and more complex devices (Tab.2). This trend is a cause of resources dispersion. 
Consequently, to keep pace with this phenomenon, the collection of electronic waste products must 
increase and recycling technologies should adapt to the recovery of a growing number of resources 
from smaller devices. Moreover, a higher number of CRM were detected in more complex devices. 
This means that the EEE sector may be growingly exposed to supply and, consequently, price risks, 
given the quasi-monopolistic role of material-specific suppliers (Ebner, 2014).   

Tab. 2 Products (categories) complexity, POM units variations, number of CRM elements detected. 

Product category Elements detected Complexity rank POM units 
variation (2008-
2015) 

CRM detected 
(rank) 

Cat 1: temperature 
exchange equip. 

29 6 -1.47 % 21 (6) 

Cat 2: screens and 
monitors 

47 2 3.79 % 31 (2) 

Cat 3: lamps 40 4 -4.84 % 28 (3) 

Cat 4: large 
equipment 

39 5 -0.00 % 25 (5) 

Cat 5: small 
equipment 

41 3 3.1 % 27 (4) 

Cat 6: small IT and 
telecom. equip. 

49 1 0.42 % 32 (1) 

5. DISCUSSION AND CONCLUSIONS

Our analysis presents mixed results in terms of progresses of the EEE market towards resource 
efficiency. The total mass of EEE placed on market has been increasing, driven by an increasing 
demand, with a growing pressure on resources exploitation. Therefore, an absolute decoupling, i.e., 
an inverse trend between POM units and weight (Zhang et al., 2019), is not observed yet at the EEE 
market level. Nonetheless, the total number of EEE POM has reached a phase of stability and the 
average weight of EEE inflow has been slightly decreasing in time.  
We tried to argue on the possible contributions of dematerialization trends related to servitization to 
this “macro” evidence. Material efficiency is reached through a decrease of the number of products 
placed on market in time, and/or through a substitution of heavier products with lighter products 
belonging to a different category (e.g., desktop computers and tablets). Our findings show that a 
decrease of the number of products placed on market is achieved through device convergence.  
In this guise, we argue that servitization leading to a convergence of devices supports 
dematerialization that realizes in terms reduction of the growth of raw materials contained in EEE 
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market inflow. We may conclude that effective PSS are those that favour the convergence of device, 
with a development of multi-functional products, without a proliferation of accessory products.   
However, our results demonstrate the risk resulting from the increasing functionality of certain 
products, i.e., complexification. A possible drawback of the complexification relates to the increasing 
dependency of the EEE market from specific materials, particularly CRM. This effect might be not 
compensated by innovation processes allowing a reduction in the use of these raw materials. 
Moreover, servitization might contribute negatively to material efficiency insofar as it contributes to 
materials dispersion: for resources recovery to keep pace with this phenomenon, collection of 
electronic waste products must increase and recycling technologies should adapt to the recovery of a 
growing number of resources from smaller devices. In this regard, our results complement the ones of 
Ljunggren Söderman and André (2019), explaining that the capacity of circular economy strategies, 
such as product life-extension and recycling, in mitigating materials scarcity and criticality is currently 
limited. 
Overall, a shifting towards smaller, lighter, multi-functional, more complex devices, containing higher 
numbers of CRM, is observed at a EEE market level. This trend is also driven by servitization. This 
evidence opens a debate on both product design and consumption models. Consequently, further 
supports from servitization to the mitigation of these problems would come from: the design of less 
CRM-intensive products, particularly those elements with a high supply risk; the design of reusable and 
recycling-friendly devices to facilitate products end-of-life-management and resources recovery; the 
adoption of product take-back services and voluntary producer responsibility strategies, to enable 
product end-of-life management practices. Future research should investigate the trends of CRM mass 
in relation to the EEE market evolution.  
Consistently with Kasulaitis et al. (2019) findings, our results show that the magnitude of the demand 
for EEE has been a more relevant factor than lightening stemming from technological innovation in 
driving the EEE market material consumption, in a direction or in the other. Consequently, as suggested 
by Shigetomi et al., (2015), to reduce the EEE market material footprint some form of control on 
demand are required, in addition to technological improvements. 
By focusing on PSS related to EEE, this paper paves the way for a comprehensive understanding of PSS 
as an effective instrument for moving society towards a resource-efficient, circular economy (CE) 
(Mont and Lindhqvist, 2003; Tukker, 2015), also for the case of CRM (Babbitt et al., 2021). However, 
PSS are an heterogenous set of customers solutions (Neely, 2008; Baines et al., 2017; Brax and Visintin, 
2017). Therefore, dematerialization trends and their effects on CE and resource efficiency can strongly 
vary (Beuren et al., 2013). In this regard, we suggest further research to investigate how the different 
types of PSS affect resource efficiency and the green transition. 
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A STUDY OF THE RELATIONSHIP BETWEEN HOSPITALITY CULTURE AND PAID-FOR SERVICES 

Keiko Toya and Patrik Ström 

ABSTRACT 

The purpose of this project is to identify the cultural factors that influence the fee-for-service 

approach, which is considered to be a major obstacle to the Servitization. Japan is a high 

context and high uncertainty avoidant society, and the term "service" has a particular nuance 

similar to hospitality. The purpose of this study is to test the hypothesis that this cultural factor 

influences fee-for-service and to find measures to deal with it. 

Using existing large-scale fixed-point survey data, we examined differences in the culture 

related factors by region of operation (Japan only, Asia, global). Afterwards, a qualitative 

survey of firms that have succeeded in Servitization in ways different from monetization 

revealed that there is room for other methods of Servitization in Japan other than monetary 

compensation. This paper is academically novel in that it discusses Servitization from the 

perspective of the relationship between price and culture. Practically, it is effective in that it 

suggests business development that is not solely concerned with whether to charge for 

services. 

Keywords, 

Uncertainty avoidance, High & Low context, Fee-for-service, Co-creation value 

1. INTRODUCTON

The purpose of this study is to examine whether the reasons for the lack of progress in the shift to fee-

based services in Japan are simply excuses or whether there are cultural factors, in other words, a way 

of perceiving the concept of service unique to Japan, and to examine effective measures to deal with 

this issue. 

One of the obstacles to Servitization in the manufacturing industry is customers' reluctance to pay 

for services. From interviews with Japanese manufacturers seeking to service their products, many 

respondents indicated that unlike in the West, Japanese customers do not accept paying for services 

(Toya et al. 2016). While there are similar findings outside of Japan (Gebauer et al. 2005, Barquet et al. 

2013, Malleret 2006, Mo 2012, Bititci 2006), Japanese manufacturers' arguments are very strong. 

Japan is a high-context culture that endorses tacit understanding, and at the same time, it is a highly 

uncertainty-averse culture. This cultural background is thought to influence the attitudes and 

behaviors of manufacturing employees. 
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2. THEORETICAL BACKGROUND 

2.1 Cultural Comparative Perspective 

According to Hofstede's six-dimensional cultural scale (Hofstede 1983, Money, Gilly, and Graham 1998, 

Roth 1995), cultures with high uncertainty avoidance are more anxious about uncertain situations and 

the unknown future, more conservative and homogeneous, and more dependent on others and 

organizations. Asian countries, especially Japan, have high uncertainty avoidance (Greece and Belgium 

have the highest), Scandinavian countries and the UK have low, and North America has slightly lower. 

There is a general perception that it is high in Asia in general, but very low in Singapore and Hong Kong. 

Comparisons have also been made in terms of high context and low context cultures (Korac-

Kakabadse et al. 2001, Nguyen et al. 2007). In high context cultures, communication is subtle, inclusive, 

and reads between the lines. In low context cultures, communication is direct, simple, and often 

repeated for clarification. As shown in the matrix diagram, East Asia is high context, while North 

America and Scandinavian countries are low context. As shown in the graph, Japanese society is high 

context, high uncertainty avoidance society. 

 

2.2 Relationship between the nature of goods and cultural comparison 

On the other hand, services as intangible goods (so-called plural services), which have been provided 

by manufacturing companies as after-sales services added to their products, have inherent uncertainty 

due to their intangible, heterogeneous, indivisible, and vanishing nature. The labor of service 

employees is referred to as emotional labor, in which managing emotions is "sold in exchange for 

wages" (Hochschild, 1983). Ambiguity is inevitable as long as human beings, a resource whose quality 

is insecure, are invested in the creation of value. 

Conversely, in the case of physical goods, the elimination of uncertainty implies high quality, and 

standardization has been promoted (e.g., ISO) to establish clear quality criteria. For goods, the 

manufacturing process is clarified and documented at the design stage, with extensive use of 

numerical values and mathematical formulas. Japanese manufacturers have a successful experience 

of excelling in quality by making manufacturing low context, contrary to their culture. 

 

2.3 Japan's unique view of service 

Some believe that hospitality services in Asia, especially in Japan, have different connotations than 

those in the West (Inui et al. 2015). Hospitality in the West is directly linked to corporate profits in the 

form of higher prices for quality service, while employees receive direct benefits in the form of 

personal skill development and tips. In Japanese hospitality, on the other hand, employees are 

motivated by pride in their own sincerity, which brings indirect benefits to the company in the form of 

repeat use and brand enhancement. Therefore, in the Japanese hospitality service sector, Omotenashi, 

an expression of employees' sincerity, is usually provided free of charge (Hara 2016, Goantara 2019). 

This is because it is believed that making hospitality, which is priceless, financially measurable would 
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undermine its value. Although the term hospitality is often used in the BtoC hospitality industry, 

employees of BtoB firms receive services as individual consumers and recognize it as part of their 

culture, so it may well apply to their own work. For example, a manufacturer of industrial machinery 

is expected to rush to the customer's site in the event of a breakdown, even if it is in the middle of the 

night, on a holiday, or even when repairs cannot be made. 

The following is a cultural comparison of the above, the nature and culture of goods, and the concept 

of service unique to Japan. 

Current manufacturing Servitization is a fusion of industrial products and plural services, in which 

co-creation of value with the customer is incorporated. The question is how to provide services that 

fit Japan's high context and high uncertainty avoidance culture. 

Figure1. H-L context and UCI Culture & Services Figure2. Manufactures strategy of Servitization 

3. HYPOTHESIS

Using data from a large-scale fixed-point survey of the Servitization of the manufacturing industry, we 

classified the manufacturing industry into three categories: Japan-only (J), Asian (A: Japan + Asia), and 

Global (G: Japan + Asia + Europe and the US), and compared their attitudes to analyze in more detail 

the perceptions of Japan-only (J) developing companies. Based on the results obtained, we interviewed 

several companies and found specific examples of companies that obtained service value in ways other 

than through monetary gratification. 

H0. (J) has a lower rate of paid services than (A) and (G) 

H1. (J) does not consider services as a tool to sell products compared to (A) and (G) 

H2. (G) employees can explain the value of their services better than (J) (A) 

H3. employees in (G) believe that customers are more likely to accept paid services than employees in 

(J) (A)

4. QUANTITATIVE SURVEY AND RESULT

In this study, the hypothesis was tested through a quantitative survey of business managers (number 

of response requests: 22,300. The number of valid responses: 2,914, collection rate: 13.1%). All survey 

targets were companies doing business in Japan, and were categorized into three business 

development areas: Japan only, Japan + Asia, and Global (Japan + US/EU were excluded from the 
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analysis due to the small number of companies (about 20). Respondents were either managers or 

department heads, and responses were obtained regarding how their employees positioned the 

service, the ability of employees to explain the value of the service to customers, and how employees 

viewed the acceptability of the paid service to customers. 

 
Fig1. Do the services you provide contribute to your revenue? （Single Answer） 

 

H0. paid service: Accepted (J<A, G χ-square value p<0.01) (Fig1.) 

H1. service is not a tool for selling products: Accepted (J<A P=0.036, J<G P=0.003) (Fig2.) 

H2. employees' ability to explain service value: Rejected (no significant difference) (Fig3.) 

H3. Customers’ paid service acceptability: Rejected (G>A P=0.008, G>J P=0.086) (Fig5).  

 

The results showed that, regarding Hypothesis 0, a higher percentage of Japanese-only firms have not 

monetized their service business and have not measured it, compared to Asian and global firms (Figure 

1). 

Hypothesis 1 was accepted. Although the average score of the Japan-only deployed firms was low at 

2.7 (on a 5-point Likert scale), it was found that they do not consider services as a tool to sell products 

compared to Asia Global. 

Hypothesis 2 was rejected. Employees' ability to explain the value of service is similar for Japan, Asia, 

and Global; all three regions are not high with mean scores around 3.1~3.2 (on a 5-point Likert scale). 

As for Hypothesis 3, it was rejected. Employees of firms operating only in Japan believe that customers 

are more likely to accept paid services than in Asia, but there is no significant difference between Japan 

and the global region (Figure 4). Note that Asia is lower than global, which may be due to the fierce 

price competition in the Asian market (Figure 4). 

 

In summary, the results of the quantitative survey indicate that companies doing business only in Japan 

were less likely than their counterparts in Asia, global to charge for their services. Compared to Asian 

and global firms, many firms did not view services as a tool for selling products and did not even 

measure the profitability of services, indicating the influence of a unique high context and low 

uncertainty avoidance service (Omotenashi) culture. On the other hand, there was no difference in the 
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explanation of the value of services among the regions of deployment, and all employees felt difficulty 

in explaining the value of services, indicating that Asia, where product price competition is rather 

intense, is in a less acceptable state than Japan or global in terms of customer acceptance of paid-for 

services. 

 

  

Fig2. Q: Employees consider services as tools for 

selling the products (reverse:5point scale) 

Fig3. Q: Employees cannot adequately explain the 

value of their services to customers (reverse:5point 

scale) 

 

 

  

Fig4. Q: Products are in price competition with similar 

products （5point scale） 

Fig5. Q: Employees believe that customers are not 

paying an appropriate amount for the services 

provided (reverse:5point scale) 

 

5. QUALITATIVE SURVEY AND RESULT 

In response to these findings, we further conducted a qualitative study (one-on-one interviews with 

front-line personnel and management) of four manufacturing firms (Table 1) with different methods 

of monetizing services to examine new monetization directions. The results showed that the two 

companies have successfully adopted a business model in which they receive non-monetary 

compensation for their services. Instead of the free-of-charge model in which the company bears the 

cost of services or the common method of shifting the cost of services to the product price, the two 

companies (1) kept product prices low and split service costs and revenues with sales agents, and (2) 

used customer resources to provide services free of charge. Both companies did not explicitly stipulate 

the service fee, the former taking the form of sharing the results as a co-operator and the latter taking 

** p<0.01, ＊p<0.05, † p<0.10 
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the form of customers voluntarily providing labor to obtain emotional benefits, and both succeeded in 

converting their services by increasing non-financial co-creation value. 

 

Case 1. 

Yamaha Motor Co. / Sea-Style 

Yamaha Motor has partnered with 140 marinas nationwide to offer a membership-based pleasure 

boat rental business. Marinas, which have been struggling with a decrease in pleasure boat ownership 

in recent years, purchase boats for rental at low prices and offer the rental business to them. After 

three years of rental use, the boats can be freely sold as used boats. The company has created a system 

that allows ordinary consumers, who used to think that pleasure boating was only for the wealthy, to 

casually enjoy marine leisure by renting boats at any of the 140 marinas nationwide. With 20,000 

members, the company is contributing to the revitalization of the pleasure boat market. 

 

Case 2: Nestlé Japan K.K. / Nescafe Ambassador 

Nestlé Japan provides free coffee makers to workers who voluntarily offer coffee at their offices, and 

periodically sends coffee-related products for a fee. The company has named the ambassadors as 

"organizers" to meet the needs of workers who want to drink good coffee in the office at a low price 

(20 yen per cup), to stimulate communication in the office through coffee, and to connect with other 

people. By 2020, 500,000 people have already become Ambassadors. In addition to contributing to 

coffee product sales, the program helps to gather customer needs from ambassadors. 

 

Table 1. Non-Financial Servitization - Yamaha motor and Nestle Japan 

 

 

6. FINDINGS 

Company/
Service

Business Target customer Billing 
method

Co-creation value
(Benefit for stakeholders)

Yamaha Motor 
Co. /
‘Sea-Style’

Membership-
based pleasure 
boat rental 
business at 140 
marinas 
nationwide

Consumers who 
want to enjoy 
marine leisure
Marinas struggling 
with declining 
number of boat 
owners

Annual 
membershi
p fee and 
rental fee 
from 
consumers

・Yamaha: Boat sales and annual rental 
membership fees
・Marina: Low-cost boat purchase from 
Yamaha, each rental fee, sales of used 
boats, awareness of contribution to 
green economy
・Consumer: New lifestyle of marine 
leisure, awareness of contribution to 
green economy 

Nestlé Japan 
K.K/
Nescafe 
Ambassador

Providing 
coffee in 
offices by the 
office workers 
themselves

Office workers 
who want to 
revitalize office 
communication, or 
who want a good 
cup of coffee at 
the office

No service 
charge, 
costs are 
added to 
the price 
of the 
coffee 
products 

・Nestlé Japan: Coffee product sales
and labor cost reduction
・Customers: Awareness of contribution
to activation of office communication
・Having low-cost, good-tasting coffee 
in the office
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The results of the quantitative survey indicate that companies doing business only in Japan are less 

likely to pay for services than companies doing business in Asia or globally. This does not mean that 

Japanese-only firms do not consider services as a tool for selling products, or that they cannot fully 

explain the value of their services. In addition, the level of acceptance of paid services is not lower than 

that of firms deployed in the Asian market, where price competition is intense. Given that Japanese 

culture is high context and high uncertainty avoidance, there is dilemma for sales representatives to 

propose paid services. 

From the qualitative research, we obtained examples in the Japanese manufacturing industry where 

monetary value is not the only way to charge for services. They are cases where the emotional co-

creation value of services is created and succeeded by cooperating with the green economy creating a 

more circular approach for increased utilization, contributing to the activation of communication in 

the workplace, using the labor of agents and customers, and taking the form of sharing the results. The 

results also point towards a similar relation towards services in activities combining the perspective of 

BtoC and BtoB. 

The study shows the potential positive implications of service industry internationalization. Through 

engaging in activities abroad Japanese firms could gain experience from different markets and 

interacting with different business models. These findings are in line with earlier research on the 

domestic focus of Japanese services (e.g. Ström and Mattsson, 2006), and the challenges Japanese 

firms have seen in relation to pricing various types of service solutions often termed servitization or 

through a product service system. This finding could also be seen as an example of what has been 

called Asian varieties of Service capitalism (Jones and Ström, 2018), since the dynamics within the 

Japanese service economy and the connection to Asia might not function exactly as have been seen in 

mature western economies. This calls for further research in order to facilitate conceptualization on 

the basis of Asian empirics. In addition, the findings relate to how activity within the Japanese service 

economy can facilitate a contribution to the transition to the green economy. Long term view on 

service activity such as sharing or circular economy and using more efficient services in industrial 

processes, could be beneficial for both business development and the green economy (Ström, 2020). 

7. CONCLUSION AND FURTHER RESEARCH

One of the obstacles to manufacturing Servitization is the difficulty of making it a paid service. As a

theoretical contribution, there is novelty in that we were able to examine attitudes toward charging 

based on the relationship between the characteristics of services and goods and culture, and obtained 

a direction for Servitization in a form other than charging. 

As a practical contribution, we suggest that Japanese manufacturers should consider various pricing 

strategies rather than rushing to charge for services. This could include the long-term experience of 

creating different service solutions by Japanese companies, such as within the combination of product 
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and packaging (Bramklev and Ström, 2011). Understanding the customer need in combination with a 

long-term relationship building approach will be vital in finding the correct price model. Companies 

based on shareholder capitalism try to secure short-term sales and profits, but it is necessary to 

consider the cultural background. In the case of a culture such as Japan, where the market does not 

welcome the conversion of high context into low context in the form of billing, the finding that it is 

also effective to look for a path of Servitization aimed at improving non-financial value through co-

creation is a significant practical contribution. 

 

This study included Japanese firms in the quantitative survey and categorized groups of firms by 

area of overseas expansion. We believe that future comparisons with non-Japanese firms will be 

necessary to further clarify the impact of culture. In addition, more broad patterns extraction and 

verification of the forms of value co-creation obtained in the qualitative study will be necessary as the 

further research. 
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TOWARDS SMART PRODUCT-SERVICE SYSTEMS:  
UNDERSTANDING THE OUTCOMES OF DIGITAL SERVITIZATION 

 
 

Boris Descombes, Lucas Santos Dalenogare, Marie-Anne Le Dain & Valéry Merminod 
 

 
ABSTRACT  
Purpose: This study aims at creating a common understanding of Smart product-service systems 
(Smart PSSs), considered in some research domains as the outcome of the digital servitization process, 
since its definition variates in the literature. The convergence of the concept’s definitions aims to allow 
researchers to further explore digital servitization.  
Design/Methodology/Approach: An extensive literature review is conducted within the disciplines of 
marketing, operations management and ICT. We identified and compared the  digital servitization and 
Smart PSS definitions from different research fields, converging into a multidisciplinary and more 
complete understanding of the phenomenon. 
Findings: Some definitions are limiting the Smart PSSs concept to smart connected products, not 
considering the potential of digital services, especially coupled with traditional products. Thus, we 
propose a Smart PSS framework, identifying the product and service components in digital contexts, 
and clarifying possible Smart PSS configurations with examples. 
Originality/Value: By proposing a theoretical framework, this paper create a link between different 
research streams addressing the same concept, Smart PSS, with different approaches and lens. Thus, 
the framework can facilitate discussions between research and communities. The framework also 
widens the concept of Smart PSS by emphasizing the importance of augmented and smart services in 
the creation of Smart PSS offerings.    

 
 

KEYWORDS: Digital Servitization, Smart product-service systems (Smart PSS), Extensive literature 
review, Framework, Integrated definition 
 
1.  INTRODUCTION  
In the past years, the servitization process followed the digitalization trend (Paschou et al., 2020). Led 
by significative transformations of industrial companies, the phenomenon became an increasingly 
investigated topic in the academic field under the name of Digital Servitization (Vendrell-Herrero et 
al., 2017). The use of digital technologies shows great potential for developing product and service 
capabilities with more efficiency, supporting product companies to overcome the servitization 
paradox and enable more opportunities in new business models (Kohtamäki et al., 2020). 
 Servitization and digitalisation converged in 2015 and are still explored today at a rapidly growing 
pace (Paschou et al., 2020). Yet, the merging of servitization and digital technologies as an academic 
topic is still under-investigated and there is a need to develop an overall theory of digital servitization 
(Pirola et al., 2020). One of the difficulties faced by digital servitization scholars is the variety of 
research fields studying the phenomenon. For example, communities from Marketing, Operation 
Management or ICT are all looking to propose their own conceptualisation of what digital servitization 
is, addressing the concept with their own specific lens. Regarding this issue, Pirola et al. (2020) 
consider that digital servitization studies are “vaste, fragmented and interdisciplinary”. 
 A second difficulty faced by scholars is the diversity of the dimensions underlying digital 
servitization. Even if there is an overall consensus that servitization, and thus digital servitization, is a 
transition process (Kohtamäki et al., 2020), the implications for companies are numerous. For 
example, digital servitization implies transformation of value propositions (Coreynen, Matthyssens 
and van Bockhaven, 2017), business models (Tukker, 2004; Kohtamäki et al., 2019), and  corporate 
culture (Tronvoll et al., 2020). Technologies used (Ardolino et al., 2018) and sustainability (Parida and 
Wincent, 2019) are also recurrent topics.  
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 Despite difficulties, it is commonly accepted that digital servitization leads to develop and deliver 
smart solutions composed of products and integrated services, the so-called Smart Product-Service 
Systems (Smart PSSs) (Frank et al., 2019; Kohtamäki et al., 2020; Valencia et al., 2015; Pirola et al., 
2020; Chowdhury et al., 2018; Watanabe et al., 2020). Although different wordings are used to 
characterize the digital servitization output, the concept of Smart PSS is the most common term used 
(Pirola et al., 2020). Still, the boundaries of the Smart PSS concept are not entirely clear, as its 
definition varies between studies and academic fields. More specifically, there is no consensus on 
what are the different components a Smart PSS offering consist of, resulting in a fuzzy concept. Thus, 
this paper aims to answer the following question: What are the possible configurations of Smart PSSs 
offerings as outcomes of digital servitization? 
 To clarify the concept of Smart PSSs as the outcome of digital servitization, we explore theoretical 
background of digital servitization and Smart PSSs through an extensive literature review. Specifically, 
we show that most current definitions of Smart PSS are limited to the concept of smart connected 
product as defined by Porter & Heppelmann (2014), which excludes the development of offerings 
based mostly on digital services. To answer this issue, we propose to define the concept of Smart PSSs 
with a dedicated framework, expanding the boundaries of digital servitization for academics.  

 
2.  THEORETICAL BACKGROUND 
2.1  Digital Servitization 
Servitization and digitalisation are considered as two of the most important trends in industrial 
companies (Frank et al., 2019). Initially studied independently, these two concepts started to be 
explored conjointly mid 2010’s (Paschou et al., 2020) and most of the papers available on the topic 
have been published from 2017 onwards (Pirola et al., 2020) leading to a research field still in a 
structuration process. 

Originally, servitization was mainly studied in Management and Marketing, and digitalization in 
engineering and computer science (Paschou et al., 2020). Although digital servitization is now explored 
as one integrated concept, there are significative approach differences between scholars studying this 
topic. In Marketing, scholars consider digital servitization as “the use  of digital tools for the 
transformational processes whereby a company shifts from a product-centric to a service-centric 
business model and logic”  (Kowalkowski et al., 2017). Studies in this domain have been addressing 
digital servitization through a business model innovation lens, mostly considering solutions oriented 
to the customer needs. Thus, the outcome of digital servitization is usually focused on the provision 
of services supporting the products or the customers (Story et al., 2017). Based on digital tools, these 
services add value to the product offerings, resulting in different benefits for customers, providers, 
society and environment (Paschou et al., 2020). This research domain also explores the cultural and 
structural shifts for companies looking to leverage digital servitization (Coreynen, Matthyssens and 
van Bockhaven, 2017; Tronvoll et al., 2020). 

In Operations Management, digital servitization is approached as a “transition process from pure 
product and add-on services to smart solutions/product-service systems, which enable value creation 
and capture through smart products related capabilities (connectivity, monitoring, control, 
optimization, and autonomy)” (Chen et al., 2021). In an interface with Marketing literature, the 
outcomes of digital servitization is considered as smart solutions with: (i) solution customization (value 
creation); (ii) solution pricing (value capture); ( iii) solution digitalization (Kohtamäki et al., 2019). This 
outcome is also consider as Smart PSSs which is a concept mostly focused in the ICT research. This 
research domain, usually concerned about systems integration of products and services, defines Smart 
PSSs as “a digital-enabled business solution supplied within an ecosystem which provides economic 
and sustainable value to the customer by integrating into a unique offer intelligent products with data-
enabled services allowed by physical and digital infrastructures” (Pirola et al. 2020). Despite the 
recognition of these systems as an outcome of digital servitization, ICT research domain concentrates 
studies on the smart capabilities of products by means of digital services.  

Overall, considering their technological push innovation approach, the Operations Management 
and ICT literature focus mainly on the Smart PSS as a technological system and how digital capabilities 
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enable new forms of digital offerings. On the other hand, Marketing scholars mostly approach the 
topic from a market pull innovation perspective (Frank et al., 2019), considering opportunities in terms 
of value creation, and then what technological system is needed to deliver this value.  Despite the 
differences among the definitions, the literature converges to digital servitization resulting in Smart 
PSSs offerings, which enables the development of new value propositions and new business models 
(Kohtamäki et al., 2019; Chen et al., 2021). However, as stated by Pirola et al. (2020), scholars must 
provide Smart PSS definitions considering different research streams, ide ntifying all components and 
not only the digital ones, on a technical and socioeconomic perspectives.    
 
2.2  Smart PSS 

2.2.1 Defining Smart PSS 
Traditionally, a product-service system (PSS) is considered as a market offering constituted of products 
and services working together to fulfil a customer need (Tukker, 2004; Reim, Parida and Örtqvist, 
2015). A large number of terms have been used to characterize PSSs, such as installed base service, 
solution, integrated solution or integrated product-service (Park, Geum and Lee, 2012), but PSS is the 
most used today. Many topics have been investigated in PSS research stream: PSSs business models 
(Reim., 2015; Tukker, 2004); impact of product-related services in PSS offering design (Cusumano, Kahl 
and Suarez, 2015); and impact of PSSs in sustainability (Tukker, 2004). As for digital servitization, PSS 
shifted to Smart PSS (Pirola et al., 2020), but similarly, alternative terms are used to describe them, 
such as ‘Smart solutions’ (Kohtamäki et al., 2019), which are more focus on the market offering, and 
‘Data-driven PSS (DDPSS)’ (Zambetti et al., 2021), the PSSs that make an extensive use of data. Overall, 
Smart PSS is the most used term in the literature (Pirola et al., 2020). 

Defining the concept of Smart PSS is not easy, as it brings together a lot of different type of market 
offerings, systems and associated business models. As a result, there is a variety of definitions of Smart 
PSS in the literature (see for example Chowdhury et al., 2018; Lerch & Gotsch, 2015; Pirola et al., 2020; 
Valencia et al., 2015; Watanabe et al., 2020; Zambetti et al., 2021). The majority of these definitions 
consider that a Smart PSS is a system composed of smart connected products and additional services. 
Although largely accepted by the community (Pirola et al., 2020), this definition is narrowing the reality 
of what Smart PSSs can be, as outcomes of the digital servitization process. This is evidenced by some 
literature cases, which show that the resulting outcome of the digital servitization is not a solution 
integrating a smart connected product (Coreynen, Matthyssens and van Bockhaven, 2017). In these 
cases, ICT and smart capabilities are used in the customer process or in the user experience rather 
than in the product itself. Thus, the smartness of the solution is supported by digital services, applied 
in products without embedded connectivity or intelligence (smart connected products). This type of 
Smart PSS is largely under-investigated.  

The literature on Industry 4.0 shows some related cases of stores that use digital systems to 
customize clothes, make-ups, shoes and other personalized products, but few studies link these 
systems with Smart PSS (Frank et al. 2019; Paiola et al. 2021). In this context, as suggested by Pirola 
et al. (2020), we propose to expand the definition of Smart PSSs, and consider them as a business 
model constituted of products and services components, in which at least one of them have 
connectivity and smartness capabilities based on digital technologies, described as follow.  
 

2.2.2 Products components of Smart PSSs 
Currently, the concept of smart connected product has a central role in the definition of Smart PSS. 
Scholars reference smart connected products as a mandatory component of smart PSS based on the 
concept created by Porter & Heppelmann (2014), which argue that smart connected products are 
physical goods relying on smart and connectivity components to develop specific capabilities that 
amplifies the value of the product by itself. These capabilities are describe d in four, progressive levels: 
monitoring, control, optimization and autonomy (Porter and Heppelmann, 2014). These capabilities 
are sometimes directly cited in digital servitization definitions (Kohtamäki et al., 2019; Chen et al., 
2021).  
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Despite the growing trend of smart connected products, this type of offering is not fully 
representative of Smart PSSs as the outcomes of digital servitization, as evidenced with the 
abovementioned cases. Smart connected products can have an important role in designing and selling 
Smart PSSs in some markets, (Valencia et al., 2015; Zambetti et al., 2021), but traditional products 
(Tukker, 2004; Porter and Heppelmann, 2014) can also be part of Smart PSSs, by leveraging smartness 
and connectivity of digital services (Porter and Heppelmann, 2014).  
 

2.2.3   Services components of Smart PSSs 
We identified that most of the studies about services in the digital servitization community are 
exploring the Service-Dominant Logic (Lusch and Nambisan, 2015; Garcia Martin et al., 2019). This 
approach consider that every economic transaction, composed either by products, services or both, 
are service oriented. In this case, the product is only the mean to deliver the service. This perspective 
explores a value architecture focused on the customer role in the service delivery (Garcia Martin, 
Schroeder and Ziaee Bigdeli, 2019). It also considers that differencing “product innovation” and 
“service innovation” is no longer relevant, because in Service Dominant (S-D) logic, every innovation 
is considered as service innovation, even if they consist of product (Lusch and Nambisan, 2015). In the 
meantime, as it is not their purpose, these studies do not provide insightful answer on what services 
part of Smart PSS are made of.  

One of the non-addressed question in the literature is the services’ level of digitalization and how 
they can smooth, adapt or substitute (Cusumano, Kahl and Suarez, 2015) products in PSSs business 
models, either traditional or smart and connected. Some authors mention e-services (Pirola et al., 
2020) as applications and web portals that help to strengthen and facilitate the link between 
customers and suppliers (Valencia et al., 2015). Smart service is also a used term in the literature with 
a different and broader meaning. The emerging nature of the  smart services concept make its 
definition and scope contested in the literature and it still as to be  defined more precisely (Klein, Biehl 
and Friedli, 2018).  Despite this limitation, Klein et al. (2018) includes different type of offers under 
the term smart services: “teleservices”, “remote services”, “e -services”, “telematics” and tele-
maintenance”, referring to remote and digital services based on ICTs (Grubic, 2018). This definition 
has the advantage to cover a wide variety of digital services usable within Smart PSSs offerings.  

Overall, digital services in Smart PSSs are largely under-investigated by the community. Thus, Smart 
PSSs are usually considered as smart connected products with additional services rather than a 
configuration of products and services with digital capabilities.  
  
3.  SMART PSS FRAMEWORK 
3.1  Principles of the Smart PSS framework 
Considering the state of the literature, we propose to reinforce the concept of Smart PSSs as the 
outcome of digital servitization through a dedicated framework (Fig. 1). The framework is bi-
dimensional and built around the idea of configurations of Smart PSS. The two dimensions are 
representing the two main component parts of smart PSSs : products and services. To define the 
possible configurations, we are considering three levels of digitalisation for services and two levels for 
products.  

The first dimension is the product components of Smart PSSs, representing the most tangible 
elements of the offer. To characterize products we combined the literature of traditional servitization 
with digital servitization, more specifically, the traditional product and the smart connected product. 
As shown by Tukker (2004), the PSSs consider a traditional product, which can be used with digital 
services within Smart PSSs, according to the literature cases already described. Traditional products 
are hardware products with traditional mechanical and electrical components, with no capabilities to 
produce, transmit or process data (Porter and Heppelmann, 2014). For the smarter version of the 
product component, we use the classification of Porter & Heppelmann (2014), recognized by the 
community and used directly or indirectly in many definitions of Smart PSS (Valencia et al., 2015; 
Kohtamäki et al., 2019; Chen et al., 2021). Smart, connected product are complex tangible systems 
with hardware, sensors, processors, data storage, software and connectivity components embedded 
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(Porter and Heppelmann, 2014). In their study, Porter & Heppelmann (2014) define four stages of 
smart and connected products based on their capabilities: monitoring, control, optimisation and 
autonomy. Although these four stages are highly relevant, we decided not to distinguish them in the 
framework, as an effort of simplicity.   

The second dimension of the framework is representing the service components of Smart PSSs. The 
number of studies addressing the state of services within Smart PSSs is limited and the digitalisation 
level of services is not fully addressed. Thus, based on the literature, we consider services within three 
levels of digitalisation. The first type of services is traditional services, which considers the provision 
of services without smart resources or capabilities, depending mostly on human-based service 
delivery and tacit knowledge. Corrective, preventive maintenance and training (Tukker, 2004) are 
examples of traditional services. Augmented services, the second type of services, are traditional 
services that benefit from digital technologies to achieve higher results, like efficiency improvement 
or delivery time reduction. Thus, augmented services require the involvement of both a human being 
and digital technologies to be delivered. Examples of augmented services are remote maintenance 
with smart glasses (Cusumano, Kahl and Suarez, 2015) or the use of 3-D printing directly in the 
customer location to reduce delivery time (Coreynen, Matthyssens and van Bockhaven, 2017). Smart 
services is the third type of services observed. They are services enabled entirely by digital 
technologies, and relying heavily on them to be delivered. Examples of smart services are predictive 
analysis in predictive maintenance offerings (Frank et al., 2019; Pirola et al., 2020) or configuration 
platforms for mass customization (Coreynen, Matthyssens and van Bockhaven, 2017). 

The framework highlights six different configuration types. Only five of them can be considered as 
Smart PSS, as the configuration C1 is composed of traditional services and traditional products, solely 
representing traditional PSSs.  

 

 
 

Figure 1: Smart PSS framework 
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The Table 1 below shows the configuration types with cases from the literature. To go further than 
the first two dimensions of the framework, products and services, a third dimension of Smart PSS can 
be observed: business models (Chowdhury, Haftor and Pashkevich, 2018). There are several ways to 
consider business models in a digital servitization context. For each configuration, there is a question 
of the impact of the service on the product. According to Cusumano et al. (2015), services can either 
smooth the use of the product, adapt it to new uses or environment, or even completely substitute 
the product, meaning that the property of the product is not transferred to the customer anymore. 
These transformations have massive impacts on the business models of Smart PSS and have  to be 
further explored in the future. 

Table 1: Smart PSSs’ configurations associated to service business model 

Configurations Service business model 

C2 
Smart connected product 

+ traditional services

Smoothing: Special machines with digital monitoring capabilities integrated 
through a control panel and sold with a maintenance contract 
Adapting : customization of the machine to the needs of the customer. 

C3 
Traditional products 

+ augmented services

Smoothing: Corrective maintenance on elevators using smart glasses (remote 

support from central operations) (Dalenogare et al., 2019)  
Adapting: Use of virtual and augmented reality in prototypes for customized 
products (Tao et al., 2018) 
Substituting: Rental tools app (Sparetoolz, 2022) 

C4 
Smart connected 

products 

+ augmented services

Smoothing : Dell computers with remote maintenance by technicians taking 

remote control of the computer through the internet (Cusumano, Kahl and 
Suarez, 2015) 
Adapting: Virtual reality based personalization process for smart products (Lin et 
al., 2017) 

Substituting: Pay-per-use industrial machines (e.g. water treatment equipment) 
with remote monitoring (Gebauer et al., 2017) 

C5 

Traditional products 
+ smart services

Smoothing : Vivino app reads the labels of wines through the camera of 
smartphones, providing information of the wine (Kotonya, de Cristofaro and de 

Cristofaro, 2018) 
Adapting: Electrical switchboard with web customer platform, which guides 
customers to entirely configure the switchboard  according to their needs 
(Coreynen, Matthyssens and van Bockhaven, 2017) 

C6 
Smart connected 

products 

+ smart services

Smoothing : Predictive maintenance of smart elevators of Kone (Ardolino et al. 

2017) 
Adapting: Smart home solutions, which integrates and personalizes connected 
lights, thermostats, air conditioning, and other home devices to the user (Kim, 
Christiaans and Baek, 2019) 

Substituting: Mobility-as-a service solutions, such as electric scooters and bikes 
rented by apps  (Wong and Hensher, 2021) 

4.DISCUSSIONS
Considering alternative configurations of the product and service components, it is possible to clarify
the concept of Smart PSSs, sometimes seen as a “black box” under the name of smart connected
product. Even if these products work as an efficient base for servitized business models, by opening
the concept we show that they are not the only alternative for manufacturers to innovate their
business models through digital services.

As digital technologies evolve, we witness more business opportunities through Smart PSSs. As an 
example, the use of apps have been revolutionizing many industrial sectors, like Vivino promoting 
more information about wines, and Sparetoolz enabling customers to access tools without the need 
to purchase them. This phenomena supports the S-D logic, approaching even products as part of a 
service experience, and changing manufacturers’ business models. This is confirmed by the influence 
of service offerings in traditional product industries, such as Nike’s Adventure Club, a subscription 
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model of sneakers for kids. Furthermore, in the interface of servitization and Industry 4.0, 
manufacturers benefit of the advances of digital technologies with augmented services. By promoting 
easy and more engaging customer interaction, the development of more personalized solutions 
becomes possible, without its usually inherent costs of customized processes.   

The widened understanding of Smart PSS presented in the framework also relates to the 
sustainability research domain. Since its beginning, the concept of PSS is seen as an opportunity to 
achieve more sustainable business models, with mitigated environmental impacts (Tukker, 2004). 
Today, scholars explore new ways to design Sustainable Smart PSS (Li et al., 2021). Reinforcing the 
role of services within Smart PSS offering opens new ways to achieve positive environmental results 
for industrial companies, without urging the development smart connected products.   

Overall, by opening the Smart PSS concept with different configurations of product and services, 
enabled or not by digital capabilities, we show how digital technologies act as the means for a desired 
business model. For example, when using 3-D printers directly in the customer location to produce 
spare parts, 3-D printers are used as connected systems to shorten delivery time, but the supply of 
traditional mechanical spare parts remains the expected value for the customer. Thus, our proposed 
framework expands the concept of Smart PSS, supporting more clear understanding of the digital 
servitization process by including a multidisciplinary perspective of the phenomena. This enables new 
possibilities for practitioners and scholars, as its follows.   
 
5.  CONCLUSIONS AND IMPLICATIONS  
The study of Smart PSS still requires advancements, in which scholars of different research streams 
need to work towards a common and shared understanding of what digital servitization is and how 
industrial firms are experimenting it worldwide. Through this paper, we propose to participate to this 
knowledge pooling in an effort to set a theory of digital servitization, as called by Pirola et al. (2020). 

For scholars, our paper has implications in terms of the role of smart connected products within 
digitalisation. We highlighted the fact that smart connected products are not mandatory in a digital 
servitization process leading to the development of a Smart PSS offering. Thus, we encourage scholars 
to start exploring other opportunities of Smart PSSs through configurations C3 and C5, pairing 
augmented and smart services with traditional products. We believe that the transition process may 
not be the same as for other configurations. Value architecture and business models may also be 
different whether the Smart PSSs embed a smart connected product or not.  

For managers of industrial firms, the main implication is a widening view of digital servitization and 
Smart PSS offerings. Even if it could be valuable, the development of a smart connected product is not 
the only way to transition toward smart offerings. We show it is possible to leverage traditional 
products that the company is use to and add augmented and smart services to create new offers and 
market opportunities. 

As a limitation, we are only considering case studies from the literature without a deep 
understanding of the business models used as examples in Table 1. Thus, we suggest further case 
studies of the proposed framework to confirm our considerations and opening up the discussions on 
digital servitization towards a full comprehension of the process and its outcomes.    
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SUPPLY CHAIN INTEGRATION IN DIGITAL SERVITIZATION: INCREASED INNOVATION 

PERFORMANCE IN ENVIRONMENTAL TURBULENCE   

Lucas S. Dalenogare, Guilherme B. Benitez, Marie-Anne Le Dain, Néstor F. Ayala & Alejandro G. Frank 

ABSTRACT  
Purpose: Digital servitization is contingent on environmental factors like market and technology 

turbulence and digital infrastructure. In this context, we aim to understand how supply chain integration 
supports the increased innovation performance of product firms through developing Smart Product-
Service Systems (PSSs), considering the contingent business environment conditions. 
Methodology: We consider the mediation effect of Smart PSS for increased innovation performance in 

environmental turbulence, with moderation effects of digital infrastructure issues and supply chain 
integration (customer and supplier data integration). Our analysis is based on a survey of 102 product 
firms. 
Findings: Our regression results show Smart PSSs mediating increased innovation performance 
in technology turbulence. We confirm that network infrastructure issues negatively moderate 
Smart PSSs in technology turbulence, while cybersecurity issues negatively moderate Smart PSS 
development in market turbulence. We also confirm a complex relationship between customer 
integration and increased innovation performance. 

Originality/Value: Our study is one of the first to bring statistical evidence of the role of supply chain 

integration for more innovative outcomes with Smart PSSs, considering environmental factors.  

KEYWORDS: digital servitization; Smart PSSs; environmental turbulence; supply chain 
integration 

1. INTRODUCTION
Digital servitization has been an important strategy of product firms for increased competitive
advantage, supporting increased innovation performance of product firms (Paschou et al., 2020;
Visnjic et al., 2019). Studies propose digital servitization as contingent on environmental factors,
such as market and technology turbulence, suggesting the provision of Smart PSSs to respond
to the continuous change in customer needs and be susceptible to the change in technology
(Frank et al., 2022). In addition, there is a recognition of the complexity of developing and
delivering Smart PSSs, in which most studies indicate the need to integrate supply chains to
efficiently provide these solutions to the customers (Shah et al., 2020).
Despite specific studies on these topics, the current literature lacks an investigation of digital
servitization considering an integrative perspective, preventing a full comprehension of the
process. Thus, this article aims to answer: Does Smart PSSs support product firms to improve
innovation performance in market and technology turbulence contexts? What is the role of
supply chain integration in digital servitization?

2. THEORETICAL BACKGROUND
2.1. Digital servitization provision
Digital servitization is a process that allows product firms to offer digital services combined with
products. This process is considered a transition towards Smart Product-Service Systems (Smart
PSSs), systems that allow the product firm's increased value creation and capture through digital
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capabilities (Kohtamäki et al., 2019). The benefit of adding services to product offerings is 
twofold. On the one hand, the customer receives solutions with increased value-added, as 
services can complement the product's value proposition. On the other hand, through service 
provision, the product firms create a closer link to the customers, understanding their real needs 
and developing more customized offerings for them, which can increase revenues through sales 
increase and service provision. Beyond the improved business performance due to the revenues 
increase, the service provision supports product firms to learn about customers' usage of their 
solutions and apply improvements for new offerings (Garcia Martin et al., 2019; Visnjic et al., 
2016). Thus, the literature has considered a complementarity of product innovation and service 
business model innovation as the provision of product-related services benefits from product 
design expertise, and the customer integration through services supports new product 
development (Visnjic et al., 2016). Although many factors can lead a product firm towards a 
digital servitization journey, an explorative objective stands out as the main driver for the 
process in which companies seek increased innovation performance in new products, services, 
and business models (Coreynen et al., 2020).  

Digital servitization is seen as a business model innovation of manufacturing companies 
with a co-creation of value with the customer through service provision (Frank et al., 2019; 
Garcia Martin et al., 2019). According to Cusumano, Kahl and Suarez (2015), in PSS business 
models with a product orientation, services can complement a product’s functions or substitute 
its sale. The complementary services can be Smoothing services, basic services that only 
“smooth” the product sale or usage without changing its value, such as maintenance and 
technical support. In more advanced complementary services, the manufacturing company will 
change, expand or adapt the product’s functionalities, changing its value to the customer. These 
so-called Adapting services consist of major customizations, consulting for new product 
applications, and product adaptation for its integration with other solutions. In Substituting 
services, the manufacturing company sells the product as a service, changing its ownership 
through leasing functionalities. 

Despite the potential benefits of digital servitization, the process is challenging for 
manufacturing companies, which usually resort to inter-firm collaboration for increased support 
(Tronvoll et al., 2020). As evidenced by Shah et al. (2020), supply chain integration supports 
product firms to offer PSSs, in which the authors found that basic services provision demands 
suppliers integration, while advanced services provision requires more customer integration. 
However, these findings are not focused on digital contexts, in which the literature suggests an 
increased dependence on external support (Tronvoll et al., 2020). In Smart PSSs, suppliers 
support the development of customized solutions in shorter lead times and the development of 
improved solutions based on analyzed product usage data. Suppliers can also be required to 
provide services, such as remote maintenance and product support (Coreynen et al., 2020; Shah 
et al., 2020). Furthermore, the customer integration also supports Smart PSS development. As 
mentioned, with customer data, manufacturing companies can analyze how they use their 
solution and improve the existing offerings or use the insights for new solutions. Similarly, this 
supports the service provision within Smart PSSs, especially required for more advanced 
services, such as pay-per-result offerings, in which the manufacturer guarantees outcomes for 
the customers (Pirola et al., 2020; Tronvoll et al., 2020). Thus, studies suggest an increased 
engagement of suppliers and customers in digital servitization. Through closer collaborations to 
develop improved and new solutions, suppliers and customers can also support increased 
innovation performance of manufacturing companies, innovating their solutions and business 
models (Frank et al., 2019; Paschou et al., 2020; Shah et al., 2020).  
 
2.2. Business environment conditions 
Digital servitization is a cross-boundary process, contingent on environmental factors such as 
market and technology turbulence and digital infrastructure for Smart PSS solutions. Smart PSSs 
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support product firms to respond to the market turbulence and the continuous change in 
customer demands faced by industrial organizations. With integrated services in their product 
offering, product firms can anticipate customer needs and perform the required adaptations for 
the market changes, while customers can have a better experience with the solutions provided, 
such as increased product performance, process improvement, and more  (Frank et al., 2019; 
Visnjic et al., 2019). In addition, firms can provide the customers lower risk offerings by keeping 
the ownership of the solution and being responsible for its functioning, making the customer 
feel safer in uncertain market scenarios. These benefits increase customer loyalty to the product 
firms, supporting them to retain and increasing market share (Frank et al., 2022).   

Technology turbulence, the change of technologies applied in product industries, is also 
considered a contingent factor of digital servitization. In markets with high technological 
turbulence, the technology changes at a fast pace, bringing uncertainties for the customer 
regarding its adoption. As mentioned, with solutions with lower risks, the customer will feel 
safer investing in products with more innovative technology that might be outdated sooner than 
expected. Cusumano, Kahl and Suarez (2015) show how different types of servitized offerings 
can support product sales throughout different product lifecycle stages. In industries with new 
technology, product firms benefit with substitute services, in which the customers do not take 
the risks of the solutions, and adapting services such as customization, once new technologies 
might require modifications to adapt for specific customer needs. In matured industries, the 
product firms can benefit from services that will complement the value of the product in order 
to differentiate it from competitors. In parallel, companies within industries with high 
technological turbulence are more prone to invest in digitalization, thus also keener to develop 
Smart PSSs.  

Lastly, Smart PSSs are enabled by the integration of different digital systems and 
technologies, which can be affected by external factors related to data management (Opresnik 
and Taisch, 2015; Pirola et al., 2020). Digital servitization is a data-intensive process in which 
data are transmitted, collected, and analyzed to provide useful information about the product 
or the customer process. By means of remote connectivity, product firms can understand how 
the product is being used and its maintenance conditions and open the offering to other Smart 
PSSs or digital solutions, bringing many opportunities to increase the value offering. These data-
based activities play a key role in digital servitization (Tronvoll et al., 2020), enabled by 
technologies such as the Internet of Things (IoT) and cloud computing. In this context, Smart 
PSSs are dependent on internet connectivity and its network infrastructure to have a reliable 
system for data transfer. This reliability is represented by efficient internet access, stable 
internet velocity, mobile network access, and updated IT structure of the companies. As more 
advanced the service degree and stronger the integration of the solution with external systems, 
the more the solutions will require reliable network infrastructure for applications based on the 
internet, cloud, and big data (Frank et al., 2019; Opresnik and Taisch, 2015; Pirola et al., 2020). 
However, along with the opportunities, the connectivity with external systems also brings 
threats related to the lack of cyber security - processes and online systems that aim to identify, 
control, and protect vulnerabilities related to data transfer within connected systems (Paschou 
et al., 2020). Trust and data privacy are major concerns related to Smart PSSs, as these solutions 
are able to capture personal data from customers, which can result in a severe backlash for the 
product firm if this data is leaked (Paschou et al., 2020). Thus, to prevent data leaks without 
cybersecurity measurements, the companies restrain data to the company's internal servers, 
limit data access, and avoid external data sharing, which hamper the functioning of more 
advanced Smart PSSs. 
 
3. HYPOTHESES  
As shown in the conceptual research model in Figure 1, this article aims to analyze how digital 
servitization mediates market and technology turbulences allowing product firms to obtain 
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increased innovation performance and how the supply chain integration moderates the process. 
We also explore other environmental factors related to digital infrastructures, such as the effect 
of technology infrastructure issues and cybersecurity threats on digital servitization. 
 

 
Figure 1: Conceptual research model 

 
Researches indicate market and technology turbulence as antecedents of the digital 

servitization process. By developing and delivering Smart PSSs, product firms can anticipate 
market changes and properly address customer needs. As a result, product firms can innovate 
their offerings and access new markets in turbulent environments. Thus, considering the 
potential effect of turbulence on digital servitization and the potential of Smart PSSs to improve 
innovative outcomes of the product firms, we propose the following hypothesis:     
 
H1: The development and delivery of Smart PSSs support product firms to respond to market 
turbulence (H1a) and technology turbulence (H1b), improving innovation performance. 
 

As stated in sections 2.1 and 2.2, Smart PSSs depend on connectivity with other systems 
and cross-boundary actors. Connectivity issues regarding the network infrastructure can impede 
the good functioning of internet-based solutions of Smart PSSs. In addition, if cybersecurity 
measures are not appropriated, customers can fear the adoption and use of Smart PSSs. Thus, 
we propose the following hypothesis: 
 
H2: Network infrastructure issues (H2a) and cybersecurity threats (H2b) negatively moderate the 
development and delivery of Smart PSSs  
 

As research indicates inter-firm collaboration as a key role in servitization (Kohtamäki et 
al., 2019), this collaboration is represented through data integration in digital contexts (Opresnik 
and Taisch, 2015; Tronvoll et al., 2020). The integration of suppliers is necessary for some 
contexts to support the provision of different services, as they have knowledge that can support 
the product’s functioning or adaptation. In addition, customer integration becomes necessary 
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for more advanced services (Shah et al., 2020), especially when the manufacturing company 
remains the owner of the solution, providing just its value to the customers and assuming all the 
risks of the solutions. This is represented in the following hypothesis: 
 
H3: The digital integration with customers (H3a) and suppliers (H3b) positively moderates the 
development of Smart PSS in turbulent environments (market and technology turbulences). 
 
H4: The digital integration with customers (H4a) and suppliers (H4b) positively moderates the 
innovation performance of product firms in turbulent environments (market and technology 
turbulences). 

 
4. RESEARCH METHOD 
We performed a cross-sectional survey of the manufacturing enterprises of Brazil's machinery 
and equipment association, obtaining a sample with 102 valid answers (response rate of 
43.77%). Our study used six groups of items from our survey as follows: (i) sample 
characterization – for control variables; (ii) environmental turbulence – for independent 
variables; (iii) smart products and digital services – for dependent and independent variables; 
(iv) supply chain integration with customers (CUSTOM) and suppliers (SUPPLIER) – for 
moderating variables; (v) digital infrastructure issues – for moderating variables; and (vi) 
innovation performance – for dependent variables. Except for sample characterization, a five-
point Likert scale was used to capture each of these groups of questions. The five groups (ii to 
vi) were measured as the implementation level varying from 1 – Not interested in implementing 
or Very low to 5 – We have advanced implementation or Very High. 

To test unidimensionality, we used the exploratory factor analysis (EFA) using varimax 
rotation to extract orthogonal components from “Smart products and digital services” and 
“Digital infrastructure issues” items – network infrastructure (INFRA) and cybersecurity 
restrictions (CBS). For “Smart products and digital services”, the variable reduction process was 
composed of 11 variables reduced to three main constructs. To evaluate these constructs, we 
used three criteria to assess the adequacy of our data to the EFA technique: the Kaiser–Meyer–
Olkin (KMO) test, Bartlett’s sphericity test, and the anti-image matrix for Measures of Sampling 
Adequacy (MSA) (Hair et al., 2018). Since our main goal was to assess the innovative capacity of 
enterprises during environmental turbulence in their Smart Product-Service Systems 
development, we chose to integrate all constructs in a multi-construct named SPSS. To this end, 
we elaborated the integrative index shown in Equation 1, containing the degree to which the 
companies offer smart products (SP), digital services (DTSV), and the PSS services (SERV) defined 
by Cusumano, Kahl and Suarez (2015). We employed a series of procedures to test response bias 
and common method variance (e.g., Harman's single-factor test) and endogeneity (two-stage 
least squares regression with other instrumental variables). 
 

SPSS= √(SP)2+(DTSV)2+(SERV)²                                                      (1) 

 
We analyzed this sample through OLS regression with mediation and moderation effects to 

confirm hypotheses of the digital servitization literature. We tested Smart PSSs (SPSS) as 
mediating innovation performance (INNOV) in market (MKT) and technology turbulence (TECH) 
as hypotheses H1a and H1b, following the PROCESS analysis. All other hypotheses were tested 
in RStudio. We plotted the slopes for all the significant effects to better understand the 
moderations.  
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5. FINDINGS  
Table 1 shows our results for the mediation process of SPSS (H1), confirming H1b with a 
complete mediation of SPSS on technology turbulence and innovation performance. On the 
other hand, we did not have a mediation effect of SPSS on market turbulence (H1a).  

 
Table 1 – Results of the mediation effects by PROCESS analysis 

 

Interactions 
Bootstrap outcome 

95% confidence 
interval Total and 

direct effects 
Sig. Conclusion 

Mean SD Sig. LLCI ULCI 

MKT ->  SPSS -> 
.0251 .0552 .000 -.0865 .1338 

TOTAL EFFECT .517 No 
mediation  INNOV DIRECT EFFECT .609 

TECH -> SPSS -> 
.1141 .0591 .0001 .0074 .2422 

TOTAL EFFECT .089 Complete 
mediation  INNOV DIRECT EFFECT .346 

 
As shown in Table 2, in Part 1, we found a strong influence of TECH on SPSS (B = 0.408, 

p = 0.012), but none of MKT. As expected, we found a negative direct association of INFRA (B = 
-0.383, p = 0.014) on SPSS development but no direct effect of CBS. The moderating effect of 
INFRA was negative for TECH (B = -0.368, p = 0.033), and no effect was found for MKT. On the 
contrary, we found CBS positively moderating MKT (B = 0.409, p = 0.041), but no effect in TECH 
was found. However, by analyzing the plotted slopes (Figure 2a), we can conclude that when 
there are low cybersecurity restrictions, firms tend to develop more SPSS. Thus, we partially 
support H2, bringing evidence of the effect of INFRA in TECH and CBS in MKT. 

 
 

 
Figure 2: Plotted slopes of the moderation effects of OLS regression 
 
Regarding the supply chain integration for SPSS development, we found direct statistical 

effects of CUSTOM (B = 1.044, p < .001) and SUPPLIER (B = 0.263, p = 0.094) for the development 
of SPSS, but we found different behaviors of these variables when moderating environmental 
turbulence (H3). CUSTOM positively moderates the development of SPSS in TECH (B = 0.270, p 
= 0.079), but negatively moderates in MKT B = -0.365, p = 0.048). However, the slopes (Figure 
2b) indicate that enterprises develop more SPSS during market turbulence when high customer 
integration occurs. Thus, we can confirm H3a. For SUPPLIER, we only found a positive 
moderation in MKT (B = 0.327, p = 0.052), thus only partially supporting H3b, and consequently 
partially supporting H3. 

In Part 3, we have both a direct effect of CUSTOM on INNOV (B = 0.477, p = 0.002) and 
SPSS on INNOV (B = 0.349, p = 0.024), but a negative moderation effect of CUSTOM in SPSS (B = 
-0.256, p = 0.014). However, our slope result (Figure 2c) suggests that this relationship only 
occurs when the enterprise has a high level of data integration with its customer. When there is 
a moderate level of data integration, the benefits are also positive, suggesting a potential 
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curvilinear relationship (i.e., in short, and medium terms, it is advantageous, while in the long 
run, it is disadvantageous). Therefore, we can only partially support this hypothesis (H4a) since 
more evidence is needed. We found no evidence for H4b.  

Table 2 – Results of the regression analysis(a) 

Independent variables 

Part 1 Part 2 Part 3 

SPSS INNOV INNOV 

Model 2 Model 3 Model 2 Model 3 Model 2 Model 3 

Firm_size (control) .251 .037 -.244 -.338 -.262 -.290 

Revenue (control) .042 .180 .235 .152 .118 .158 

Market turbulence [MKT] -.083 
-.276  

(p = .083) 
.059 .067 

Technological turbulence 
[TECH] 

.247 
.408  

(p = .012) 
.237  

(p = .098) 
.134 

Supply chain customer 
integration [CUSTOM] 

.950  
(p = .000) 

1.044  
(p = .000) 

.385  
(p = .010) 

.477  
(p = .002) 

Supply chain supplier 
integration [SUPPLIER] 

.282  
(p = .078) 

.263  
(p = .094) 

-.032 -.059 

Cybersecurity restrictions 
[CBS] 

-.037 -.007 

Infrastructure issues 
[INFRA] 

-.350  
(p = .025) 

-.383  
(p = .014) 

Smart Product-Service 
Systems [SPSS] 

.577  
(p = .000) 

.409  
(p = .009) 

.349 
(p = .024) 

MKT x CBS 
.409  

(p = .041) 

MKT x INFRA .071 

TECH x CBS -.206 

TECH x INFRA 
-.368  

(p = .033) 

MKT x CUSTOM 
-.365  

(p = .048) 

MKT x SUPPLIER 
.327  

(p = .052) 

TECH x CUSTOM 
.270  

(p = .079) 

TECH x SUPPLIER .170 

SPSS x CUSTOM 
-.256  

(p = .014) 

SPSS x SUPPLIER .054 

F-value
7.552   

(p = .000) 
5.509   

(p = .000) 
1.049   

(p = .386) 
4.567   

(p = .001) 
5.899   

(p = .000) 
5.285   

(p = .000) 

R² .394 .509 .041 .192 .235 .282 
Adjusted R² .342 .417 .002 .150 .195 .229 

Change in R² 
.319  

(p = .000) 
.115  

(p = .017) 
.031  

(p = .212) 
.151  

(p = .000) 
.225  

(p = .000) 
.047  

(p = .049) 
(a) Unstandardized beta coefficients are reported since the main variables were standardized
before regression. n = 102.
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6. DISCUSSIONS 
Our findings show that product firms can obtain increased innovation performance in 
technology turbulence contexts through Smart PSSs. In industries where product technology 
changes continuously, the integration of services in product offerings supports the adaptation 
of product firms to new technologies. This indicates the two-fold relationship between 
digitalization and servitization, as the application of digital technologies in products enables the 
provision of advanced services (Frank et al., 2019), while the service orientation of PSSs supports 
the adoption of digital technologies. Thus, we bring statistical evidence for conceptual 
propositions of the literature regarding services and technology adoption (Cusumano et al., 
2015; Frank et al., 2019; Visnjic et al., 2019). However, we did not confirm the influence of 
market turbulence in Smart PSSs, as suggested by the literature. Considering the technological 
acquisition orientation of innovation activities in Brazil (Frank et al., 2016), we suppose that 
technology turbulence has a stronger influence on the development of product firms’ solutions 
than market turbulence. 
We confirmed H2a, showing that the lack of reliable network infrastructure can reduce the 
development of Smart PSSs by product firms, as mentioned in section 2.2. In addition, we also 
provided initial evidence that cybersecurity threats affect the adoption of connected solutions 
by changing the customers' preferences, a recently approached topic by the digital servitization 
literature (Paschou et al., 2020).  
Regarding supply chain integration, we could confirm the importance of customer integration 
for the development of Smart PSSs and supplier integration in market turbulence. We expected 
to find a positive relationship between suppliers' integration in technology turbulence, as 
studies suggest that knowledge sharing between suppliers and product firms supports the 
adoption of new technologies and the development of new solutions (Shah et al., 2020). 
However, we relate this issue with the findings of Oosterhuis et al. (2011), which show that 
buyer-supplier relationships can negatively affect performance when both actors have distinct 
perceptions of technological uncertainty. In addition, we found that more customer integration 
with Smart PSSs does not necessarily improve innovation performance. We corroborate the 
findings of Wang et al., (2021), which suggest that servitization can lead product firms to become 
over embedded in existing customer relationships, preventing new market opportunities. Thus, 
more studies are required to understand the nuances of supply chain integration in digital 
servitization. 
 
7. THEORETICAL AND PRACTICAL CONTRIBUTIONS 
Our article brings statistical evidence for important gaps in the digital servitization literature. 
Despite studies relating servitization with market turbulence, our findings suggest that the 
technology turbulence can strongly affect increased innovation performance through Smart 
PSSs. However, this finding can be related to the context of the analyzed sample. Even though 
we could partially confirm the positive effect of supply chain integration for digital servitization, 
our findings corroborate the literature by showing a complex relationship between customers 
and suppliers integration for innovation performance in servitized contexts. Thus, we contribute 
with theoretical advancements for understanding the digital servitization journey by identifying 
the effect of some environmental factors on the process, and its effect on innovation 
performance, also supporting managers to understand the implications of digital servitization 
and the integration with external actors for the process. Considering the contextual limitations, 
we suggest similar studies in other countries and industries to better understand the proposed 
hypotheses.  
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MANUFACTURER’S IDENTITY CHALLENGES WHEN BECOMING “SMART” 

Tuomas Huikkola & Marko Kohtamäki 

ABSTRACT  
Purpose: The present paper was set out to understand manufacturer’s identity challenges when 
moving towards provision of product-service-software solutions. 
Design/Methodology/Approach: This conceptual study uses illustrative cases to show certain aspects, 
challenges and practices regarding identity formation and building when manufacturers are becoming 
smart solution providers. The study builds on rich organization identity theory that is surprisingly 
underutilized in the extant digital servitization research.  
Findings: The study suggests that when building and forming new identity, managers should be aware 
of potential issues, namely ambiguity among personnel, frustration among middle -managers, and 
confusion among key external stakeholders. This paper suggests that successful identity building 
requires dynamic capabilities not only inside the firm but across the boundaries, hence contributing to 
the crossroads of identity, capability, and digital servitization literatures.  
Originality/value: For managers, this paper unfolds some useful practices how to mitigate identity 
inertia when managing strategic transition towards smart solutions. 

KEYWORDS: Digital servitization; organizational identity; dynamic capabilities; organizational inertia; 
smart solutions 

1. INTRODUCTION

Manufacturers have attempted to attain financial and strategic benefits (Gebauer et al., 2020) by 
becoming “smart”. This transition from selling to pure products to provision of smart solutions i.e. 
convergence of products, services, and software (Huikkola et al., 2021a; Hsuan et al., 2021) has been 
termed digital servitization in the literature (Paschou et al., 2020; Sklyar et al., 2019). However, despite 
the increased interest towards this strategic change among researchers and practitioners, surprisingly 
little is yet known from the firm’s identity perspective that addresses to the question: “Who are we as 
a firm and what kind of a firm we want to be(come)?” (Corley & Gioia, 2004). Changing identity poses 
key managerial challenge as identity can be described to be central, enduring and distinctive for a firm 
(Albert & Whetten, 1985), reflecting firm’s DNA. Hence, changing identity is far from easy as old 
capabilities, routines and mindset may need to be dispelled (Huikkola, Kohtamäki & Ylimäki, 2022). At 
the same time, firm’s key stakeholders such as personnel, investors, suppliers and clients  typically view 
firm through the old identity lenses. To change firm’s grand identity i.e. who we are as a company, firm 
must overcome several identity barriers such as mindset rigidity (Kowalkowski & Ulaga, 2017), identity 
ambiguity (Corley & Gioia, 2004) and capability mismatch (Töytäri et al., 2018). Furthermore, firms 
must shift their mindset (Huikkola et al., 2022) and obtain and develop new capabilities, processes and 
routines to overcome this organizational inertia (Lenka et al., 2018). 

Purpose of this article is to understand challenges related to identity change  when manufacturers 
pursue digital servitization strategies. To address this ongoing managerial challenge, we formulate a 
following research question: What challenges manufacturer faces in its identity building and formation 
when it starts to provide product-service-software systems? How manufacturers overcome these 
challenges through development of dynamic capabilities?  This study contributes to the crossroads of 
organization identity theory, capability theory, and digital servitization literature by a) illustrating key 
challenges regarding identity change, and b) developing a framework of capabilities  and practices 
required to master this change successfully.  
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2.  THEORETICAL BACKGROUND 
 
2.1 Digital Servitization 
 
Manufacturers are transitioning from selling products to selling bundle of products, services, and 
software (Hsuan et al., 2021). This strategic transition has been termed digital servitization (Kohtamäki 
et al., 2019; Paschou et al., 2020), defined as a firm’s logic change from products to solutions through 
the utilization of digital tools (Sklyar et al., 2019) that enable connectivity between the systems (Porter 
& Heppelmann, 2015). Incentives to pursue digital servitization strategies are related to achieving 
financial benefits and strategic advantages (Gebauer et al., 2020) but also avoiding falling into 
commoditization trap (Huikkola, Kohtamäki & Ylimäki, 2022) , reminiscent of a “rat race” with declining 
sales and profits, typically associated with the nature of product business where differentiation 
becomes more difficult. 
 
This strategic transition towards services and solutions, however, typically fails (Nebuloni et al., 2019; 
Reinartz & Ulaga, 2008; Ulaga & Reinartz, 2011; Visnjic et al., 2021) because of cognitive (Tripsas & 
Gavetti, 2000) and behavioral inertia (Lenka et al., 2018) related to managing this dual business model 
complexity (Visnjic et al., 2021). Moreover, manufacturers typically lack capabilities needed in smart 
solution business (Töytäri et al., 2018; Ulaga & Reinartz, 2011) as selling solutions differ from selling 
products (Kowalkowski & Ulaga, 2017; Schaarschmidt et al., 2021), development of smart solutions is 
different from new product development (Huikkola et al., 2022b), and orchestration of different 
development and delivery activities requires different processes and routines in smart solutions where 
systems are connected to each other (Porter & Heppelmann, 2015).  In other words, firms need to 
change their mindset and overall business logic in order to pursue such a strate gic change successfully 
(Kowalkowski & Ulaga, 2017). Thereafter, digital servitization affects manufacturer’s identity i.e. who 
are we as a company. 

 
2.2 Firm’s identity challenges 
 
Organizational identity accords with employees’ self-reflective questions regarding the core of the 
firm’s existence, such as “Who are we as a firm?” or “Who do we want to be(come) as a firm?” (Albert 
& Whetten, 1985; Corley & Gioia, 2004). Firm’s identity thus refers to organization members’ collective 
answers to the questions “What kind of firm is this?” and “How our firm differs from others?” These 
aspects of a firm’s identity are based on the firm’s history and are typically considered relatively 
enduring and rigid. Even though extant studies have considered identity to be a relatively stable 
cognitive structure (Narayanan et al., 2011), an increasing number of studies consider that identity is 
a dynamic process that can be altered (Gioia & Patvardhan, 2012; Vaara & Tienari, 2011). Furthermore, 
identity building and forming is considered socially constructed process where members of the firm 
make sense of the firm’s (future) identity and give explanations what firm should be(come) (Huikkola 
et al., 2021b). Identity addresses also a firm’s boundaries, i.e., how different stakeholders such as 
customers, investors, and suppliers think about what is firm’s core and DNA. In general, identity 
ambiguity refers to confusion, uncertainty and misinterpretation of a firm’s future image among 
members of the firm (Corley & Gioia, 2004). In the existing servitization literature (see e.g., Huikkola 
et al., 2020), identity change requires not only actions such as development and acquisition of novel 
capabilities but also top-management narratives that facilitate this identity change (e.g., in media or 
in different stakeholder events). 

 
2.3 Firm’s dynamic capabilities to build new identity 
 
The dynamic capability theory explains how firms are morphing themselves (Danneels, 2011; Rindova 
& Kotha, 2001) by sensing (Eggers & Kaplan, 2013) and seizing (Ott & Eisenhardt, 2020) new underlying 
business opportunities, and modifying their assets to meet the expectations of an ever-changing 
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business environment (Sirmon, Hitt & Ireland, 2007; Teece, 2007). Hence, dynamic capabilities accord 
with managers cognitive ability to reframe firm’s future position by analyzing its external environment 
and develop internal capabilities in a way that firm is competitive in both short and long-term. This 
duality, defined as sequential ambidexterity in the literature, indicates that managers need to be able 
to simultaneously balance between short-term profit pressures and long-term renewal requirements. 
In addition to modification of assets, firms need to change their modus operandi and routines to 
become different types of companies (Danneels, 2011) . Hence, change must take place also in 
operational level and change how firm develops new solutions (Huikkola et al., 2021), operates in 
dyadic relationships (Töytäri et al., 2018), and positions within the ecosystem (Kohtamäki et al., 2019)  
through different mechanisms and activities (Huikkola et al., 2020). 
 
3.  RESEARCH METHODOLOGY 
3.1 Research design 
This study is largely a conceptual paper but utilizes illustrative case examples to showcase the 
challenges regarding identity change and capability development in the digital servitization context. 
The illustrative case examples are drawn based on our +10 year experience of studying how 
manufacturers pursue digital servitization strategies in practice. The study is qualitative in its nature, 
which is good when studying phenomenon that is novel and applying quantitative methods would not 
be appropriate. Studying challenges regarding identity formation in the digital servitization can be 
described to be such a novel and complex phenomenon that benefits from the utilization of qualitative 
research method. 
 
3.2 Data collection & analysis 
The data have been collected from different  relatively large manufacturing companies since 2010 
about digital servitization. We have engaged in project and consultancy work with them but also 
collected data for pure research purposes. The collected data include primary interviews but also 
extensive secondary data, including histories, annual reports, and other public documents such as 
investor meetings etc. Data have been structured into discourses regarding a) identity change, b) 
challenges regarding identity change, and c) practices applied to overcome these aforementioned 
challenges. 

 
4. FINDINGS 
4.1 Personnel ambiguity 
 
Identity ambiguity is typical among personnel when firm is undergoing a strategic change (Corley & 
Gioia, 2004). Identity ambiguity refers to confusion, uncertainty and misinterpretation of a firm’s 
future image and identity (Corley & Gioia, 2004). In our interviews, we have observed ambiguity among 
personnel especially when top managers have made bold statements such as “we are becoming a 
software house”. First, personnel have stated that there is no sense for them to become software 
houses as they are product companies by their DNAs. They have expressed that software house 
position would not be optimal for them but they should be companies that are able to bundle products, 
services, and software successfully. Second, interviewees have expressed their concerns that their 
capabilities are far away from the capabilities possessed by pure software companies. Moreover, their 
management practices and organizational routines are not designed to run software business 
successfully. Typically, software companies are much more agile than manufacturing companies 
because changes are easier to implement and there are no rigidities related to product manufacturing. 
 
Even though some executives may find these statements from personnel discouraging, we say that 
these are rather encouraging and provide opportunities for framing the future positioning adequately. 
Hence, even though typical statement “we are becoming a software house” may seem to be a valid 
statement for an executive (see Huikkola et al., 2022), that sort of statement should not be said 
carelessly because personnel are aware of capabilities and routines needed for being and operating as 
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a (pure) software house. Instead, we suggest that executives include also the relevance of products 
and services under these statements (unless they are really about to become pure software houses). 
For instance by communicating following: “We make great products. However, this is not sufficient 
anymore. We also service them and software makes our products even smarter. This integration of 
products, services, and software is our killer combo”. Executives should thus pay attention to how 
narratives are framed. Otherwise these types of statements are considered jargon or pure marke ting 
speech among key internal and external stakeholders. 

4.2 Frustration among middle-managers 

The role of middle-managers has become increasingly important to manage strategic change 
successfully in large corporations. Middle-managers have been described being whether bottlenecks 
or facilitators when pursuing this type of a strategic change. When business models and earning logics 
are changed, executives should pay attention to cognitive inertia among middle-managers: How well 
they know and accept this new earning logic? Infamous example of this cognitive inertia is Kodak’s 
inability to change its earning logic that was largely based on well-established razor-and-blade model. 
Even though Kodak possessed not only forward-looking executive group, they also invented digital 
camera in-house. Despite these efforts, the company failed because of market disruption. One 
explanation is that middle-managers were too comfortable with the old (and working) razor-and-blade 
pricing model and tried to fit digital camera into that model also. Typically, middle-managers have 
tendency to fall into “success trap” as was the case with the mobile phone manufacturer Nokia. Nokia 
focused on doing “right things” for too long (Doz & Kosonen, 2008). Breaking this path-dependency is 
difficult but many times mandatory. Middle-managers may be frustrated with the new business model 
as they do not understand how to earn with it or they may be too focused on old business logic, which 
has been proven to be successful. One way to overcome this is through establishment of separate 
organization structures that are independent and have profit-and-loss responsibilities. It must be 
remembered that incentives may be built based on old logic which may hinder this change. Putting old 
and new logics into “racing” can be a useful practice as long as this rivalry is not damaging the focal 
company. One way to take advantage of this racing is through specific strategic agility practice: 
measuring top executive team with the same KPIs for every executive (executive board being 
considered as a team). Hence, service business executive is interested in product sales and profitability 
and product business executive is interested in service sales and profitability. The aim of this 
management practice is to make organization less siloed but simultaneously take advantage of 
effectiveness of separate businesses. Hence, organization would be integrated from the top and 
separated from the bottom, following “dress organization structure”. 

4.3 Confusion among key external stakeholders 

In addition to internal stakeholders, digital servitization affects external stakeholders’  perception of 
the firm. In particular, investors are interested in new openings and growth opportunities that 
digitalization provides for the manufacturers. Thus, executives are typically interested in advancing 
such opportunities. The downside of this interest is that some investors are impatient and not ready 
to wait results of such initiatives. Some investors, on the other hand, may be conservative and value 
dividents over growth. For them, digitalization may seem too risky and investments in technology 
development potentially harm firm’s current and established profitability level. Another key external 
stakeholder group is customers. Typically customers view focal companies through their products, 
services, and solutions. As an example, even though Nokia wanted to be a software and service 
company (this can be depicted from former Nokia CEO Olli-Pekka Kallasvuo’s presentations), their 
customers (e.g., teleoperators) and end-users considered Nokia as a hardware manufacturer rather 
than as a software or service house. In addition, being service company also meant that Nokia started 
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to compete with their teleoperator customers. Hence, successful identity change should resonate with 
clients but also with suppliers and other contributors in the ecosystem (e.g., software developers). This 
requires active and ongoing communication which is truthful and open. Moreover, different 
management practices and routines may be needed to mitigate confusion and manage expectations 
among the external stakeholders. 
 
4.4 Overcoming identity inertia 
 
In order to overcome identity inertia, managers need to pay attention to few managerial issues. First, 
they need to obtain, acquire and develop new capabilities needed in digital servitization such as value-
sales capability, new solution development capability, and orchestration capability (see Huikkola et al., 
2022). Capability building requires changes also in firm’s processes , routines, and activities. Second, 
managers need to focus on changing firm’s mindset from product-oriented mindset towards customer-
oriented mindset (Töytäri et al., 2018). To change this mindset, communication of the firm’s direction 
and future position becomes vital. This communication needs to be active, truthful, and consistent 
with real actions i.e. firms must “walk-the-talk”. Third, it is possible that firm will have sub-identities 
within the firm. Therefore, managers need to be aware of these sub-identities and consider how 
different organization structures facilitate identity building. For instance, R&D department may have 
strong product mindset and culture. Managers need to consider whether to separate solution and 
service development into separate unit (Kowalkowski & Ulaga, 2017) or integrate this development 
within the existing R&D department. In sum, dynamic capabilities consist of modification of 
capabilities, routines, processes, structures, and mindsets. Active communication enables firm to 
change its identity through these modifications and decrease potential identity barriers within the 
focal company. Figure 1 outlines the key challenges manufacturers face when building and forming 
new identity associated with smart solution provider and associated modifications to pursue this 
change. 
 
 

 
 

 
                                                    Figure 1: Identity challenges 
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5. DISCUSSION 

 
5.1. Theoretical contribution 
This study contributes theoretically to the crossroads of identity, capability, and digital servitization 
literatures by shedding light on key challenges regarding new identity building and formation. This 
paper extends the discussion of identity alteration among manufacturers when they servitize (see 
Huikkola et al., 2020; 2021b; Salonen & Jaakkola, 2015) by identifying key sources of identity inertia, 
namely personnel, middle-managers, and key external stakeholders. This paper acknowledges that 
identity formation is socially constructed process (Gioia et al., 2000) and thus, requires resources, 
processes, and practices to convince different stakeholders. The present study provides number of 
practices to mitigate possible inertia and ways to overcome these rigidities stemming from different 
stakeholders’ distinct experiences and expectations. 

 
5.2 Managerial contributions 
For managers, our paper presents number of management practices to manage expectations related 
to new identity building and formation. Managers need to develop dynamic capabilities in order to 
alter their grand identity and overcome certain challenges regarding that identity alteration through 
exercising their dynamic capabilities. This dynamic capability includes modification of resources, 
processes, routines, mindset, and structures. These modifications need to be synchronized with 
communication initiatives (“walk the talk”) to justify and legitimize the strategic-level identity change. 
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ABSTRACT  
Purpose: Understand how knowledge is strategically used within knowledge-intensive business 
services and what manufacturers might learn from the software industry. 
Design/Methodology/Approach: An iterative taxonomy design approach is used. 
Findings: Taxonomy on knowledge-intensive offerings within the meta-dimensions of business models 
and five overarching strategic knowledge utilization patterns (i.e. knowledge protection, knowledge 
sale, knowledge baiting, knowledge amplifying, knowledge spreading). 
Originality/Value: A resource-based view on servitization and knowledge utilization, with guidance 
for practitioners on how to leverage their knowledge to achieve competitive advantages.  
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1. INTRODUCTION 
Companies today are facing unprecedented challenges. Digitalization demands a transformation of 
existing business practices. It not only leads to the adaptation and increased efficiency of internal 
processes, but also enables entirely new offerings (Suppatvech et al. 2019). Existing business logics 
are being called into question (Kohtamäki et al. 2019). This is reflected in an increasingly widespread 
trend toward becoming a provider of integrated, today often smart solutions (Huikkola et al. 2021b). 
This transformation, described by scholars already in the 1990s, is also referred to as servitization, 
which has gained traction through digitization (Coreynen et al. 2017; Weking et al. 2020). Within this 
transformation knowledge intensive services and software components are bundled with product 
features into solutions (Valtakoski 2017). 

The transformation to solutions poses challenges for the traditional machinery and plant 
manufacturers who often became successful through product engineering and sales. One example 
might be the necessity to explore new markets and develop and sell customized solutions, while 
exploiting existent resources (Kohtamäki et al. 2020). To overcome these challenges, new capabilities 
must be build (Münch et al. 2022) or sourced through a partner network (Sklyar et al. 2019). The 
associated financial efforts (Gebauer et al. 2020), but also the cultural change (Kohtamäki et al. 2020; 
Töytäri et al. 2018), should not be underestimated. Here it is to answer whether an organisation is 
capable of such transformation. To develop and exploit named solutions organisations strongly 
depend on knowledge of their individual employees (Larsen 2001). Building on a resource-based view 
(Barney 1991), companies should ask themselves which skills, competencies and resources can 
contribute to a competitive advantage within such transformation. According to Valtakoski (2017), the 
consideration and bundling of knowledge, as a fundamental human resource in organizations, will play 
an important role in creating and offering integrated solutions. Further the importance of knowledge 
exchange, as well as the capability of learning from other industries in the context of servitization is 
stressed by a phenomenon discussed as territorial servitization (Lafuente et al. 2017). There seems to 
be positive effect regarding servitization of manufacturers when they have geographic proximity to, 
and collaborate with knowledge-intensive business service (KIBS) providers. 

Knowledge within the context of servitization no longer seen solely as a value-creating resource 
and for instance as the basis for service delivery but rather carries the potential of a dedicated offering. 
Although manufacturing is already seen as a knowledge-intensive industry (Larsen 2001), it can be 
assumed that new business logics will change the perspective on how to use and integrate knowledge 
within integrated solutions. Such a fundamental shift is particularly important in terms of market 
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differentiation, as it is becoming more difficult to differentiate on the basis of pure product features. 
Besides differentiation opportunities this transformation might lead to a shift away from resource-
intensive offerings. Servitization can here be understood as a step towards a “post-industrial” 
economy when manufacturers integrate more KIBS into their portfolios (Ditillo 2004) and put “a 
greater reliance on intellectual capabilities than on physical inputs or natural resources” (Powell and 
Snellman 2004). Such transformation is becoming more and more relevant within the discussion of a 
sustainable, i.e. circular economy (Kirchherr et al. 2018). 

In order to support companies in this transformation, we examine the question how knowledge is 
today strategically used or integrated in knowledge intensive offerings to generate competitive 
advantages. As a first attempt to shed light on this, our aim is to create a taxonomy for knowledge-
intensive service offerings and pathways how companies can leverage their knowledge. With the 
resulting taxonomy as well as derived patterns companies find guiding to strategically decide on 
knowledge utilization for competitive advantage. 
 
2. THEORETICAL BACKGROUND 
2.1 Knowledge as a Valuable Resource and its Management in Organizations 
Knowledge is seen as a central resource and organizations are “conceptualized as an institution for 
integrating knowledge” (Grant 1996). The related resource-based view (Barney 1991) also provides an 
essential lens. Knowledge can be classified as a valuable, rare resource that is difficult to imitate and 
that ultimately has the potential to create sustained competitive advantages, if the organization is 
capable to utilize and exploit on their available knowledge (Barney and Mackey 2016).  

Knowledge consists of aggregated information that enables one to perform actions (Turban et al. 
2006). Knowledge can be differentiated into explicit and implicit knowledge (Alavi and Leidner 2001; 
Turban et al. 2006). Both knowledge types are closely interrelated and build the basis for 
organizational knowledge creation (Nonaka and Takeuchi 1995). This process can be understood as a 
cycle in which tacit knowledge elements are exchanged between individuals (socialization), made 
explicit, e.g. in form of written instructions, and usable for a group (externalization). Such externalized 
explicit knowledge can be transferred into organizational knowledge through the integration and 
combination of different knowledge elements (combination). Such knowledge can then be applicated 
by individuals, e.g. with learning by doing (internalization) (Nonaka and Takeuchi 1995). Grant (1996) 
states that the transfer of knowledge between companies or even within a company depends to a 
large extent on the type of knowledge. While the transfer of implicit knowledge is usually very lengthy 
and costly, explicit knowledge is much more suitable for knowledge exchange.  

Early research was concerned with knowledge transfer inside one organization (Nonaka and 
Takeuchi 1995; Alavi and Leidner 2001). Today, knowledge is transferred also beyond the borders of 
organizations and in service ecosystems (Ayala et al. 2017). This applies to explicit as well as to implicit 
knowledge and is positively influenced by digitization. Digital Technologies, such as data mining, 
groupware, communities, etc. (Obeidat 2019) support, and in some cases enable, storing, creating, 
transferring and sharing of knowledge, within and beyond organizational boundaries (Alavi et al. 2005; 
Ayala et al. 2017). For instance, knowledge stored implicitly in the head of an expert can be now 
captured explicitly in the organizational knowledge base and, thus, used by others (Barrett et al. 2015; 
Choi et al. 2010). Technologies such as augmented reality, e.g. in case of remote-support, enable 
implicit knowledge to be transferred and used almost in real time without having to be made explicit. 
Sharing and applying knowledge remote comes along with economic and ecological benefits (Sousa 
Jabbour et al. 2018). The current pandemic has led to a boost in usage and exploitation of such 
technologies (Rapaccini et al. 2020). 

  
2.2 Knowledge-intensive Solutions 
Offering solutions, also coined product-service systems, with revenues less dependent on resource 
consumption are a promising path within the global challenge of reducing our footprint on earth 
(Bocken et al. 2014) by creating more value from fewer resources (Stahel 2019). Knowledge-intensive 
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service like maintenance and repair, but also new ideas to reuse and share product resources will 
become of utmost importance (Kirchherr et al. 2018). For the manufacturing industry in particular, 
the aim will be to extend the useful life of machines, to optimize their operation, and to increase their 
capacity utilization (Kirchherr et al. 2018). Hereby, to innovate business models and to improve service 
operations the accumulation of knowledge is of great importance (Ranta et al. 2021).  

Previous industrial logic in manufacturing reflected a product-centric view (Kohtamäki et al. 2020) 
in which embodied knowledge was marketed in the form of manufactured goods. Increasingly a 
service-centric view is taken, with advanced services as integrated solutions (Rönnberg Sjödin et al. 
2016) to gain competitive advantage. Such integrated solutions (Valtakoski 2017) can be considered 
knowledge-intensive (Muller and Doloreux 2007) and as bundles of different knowledge components 
[as shown in Figure 1]. These bundles include “different types of knowledge, including knowledge 
embodied in physical products, intangible yet codified knowledge, such as software in information 
systems, and tacit knowledge, such as the know-how of service experts” (Valtakoski 2017, p.6).  

 
Figure 1: Integrated solution (Valtakowski 2017) 

To provide integrated solutions, manufacturers can benefit from the collaboration with KIBS providers 
(Lafuente et al. 2017). Building on evidence that companies striving for a so-called hybrid value 
creation are more successful (Ulaga and Reinartz 2011) researchers are talking about an "both and" 
rather than "either or” paradigm (Kohtamäki et al. 2020) when it comes to the strategic involvement 
of different domains. Besides product and service thinking, today software thinking needs to be 
further taken into account (Huikkola et al. 2021b). Arguing from the “both and” (Kohtamäki et al. 
2020) paradigm it seems promising to bundle the best of three worlds in today’s context of smart 
solutions, also described as product-service-software systems (Kohtamäki et al. 2019). New 
technologies and with them the ability to gain visibility into equipment usage, to minimize transaction 
costs, or virtually execute actions that were previously performed in person and on site are opening 
up unprecedented opportunities for innovative solutions (Suppatvech et al. 2019). 

The transformation of a manufacturer to a solution provider can hereby be described as a shift 
towards a KIBS firm. KIBS firms primarily accumulate, create, or disseminate knowledge “for the 
purpose of developing a customized [...] solution to satisfy the client's needs” (Bettencourt et al. 
2002). As shown in Figure 1 these solutions depend on knowledge components of different actors 
(Anke et al. 2020; Sklyar et al. 2019; Marcon et al. 2022). External knowledge sharing is seen as 
beneficial for innovation (Ritala et al. 2015). Nonetheless, the management of knowledge leakage is 
crucial (Tan et al. 2016). Also close collaboration and partnership relations are important for a 
successful transformation (Kamalaldin et al. 2020). The former described resource-based view might 
help to make decisions on knowledge components to be shared or protected from leakage. Questions 
regarding valuable knowledge within manufacturing industries and how to use such for competitive 
advantage, especially in the context of servitization have not been answered so far. 
 
3. RESEARCH METHODOLOGY 
The objective of this research is to better understand how knowledge is used within knowledge-
intensive offerings. Therefore, we build a taxonomy and elaborate patterns of knowledge utilization 
in industrial contexts. For the taxonomy development, the procedures according to Nickerson et al. 
(2013) and Kundisch et al. (2021) are used.  

Solution 
provider

Value 
co-creationPartner

Customer
Integrated solution

Explicit knowledge 
components

Tacit knowledge 
components
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First, we defined the meta-characteristics for the taxonomy. The meta-characteristic “specifies the 
taxonomy’s angle on the phenomenon under consideration” (Kundisch et al. 2021 p. 10). Our 
taxonomy represents a provider perspective on the different possibilities of knowledge utilization 
within knowledge-intensive offerings. It should help manufacturing companies to elaborate on 
different strategies to use knowledge within their transformation to an integrated solution provider.  
As integrated solutions transform existing business logics (Kohtamäki et al. 2019), we have adopted 
the holistic view on business models as meta-characteristics. Thereof, we used the four established 
business model dimensions target customer, value proposition, value creation and value capture 
(Gassmann et al. 2014) as meta-dimensions (MD). These MD acted as a conceptual lens while building 
the taxonomy (Möller et al. 2021). Based on the MD we developed the taxonomy in three iteration 
cycles one conceptual-to-empirical and two following empirical-to-conceptual (Nickerson et al. 2013). 
For the empirical analysis we have examined in total 22 cases of software and manufacturing 
companies [as shown in Table 1]. Offerings within both industries can be considered knowledge-
intensive (Miles 2005; Larsen 2001). 

 
Table 1: sample of analysed companies and knowledge-intensive offerings  

 

No. Category Company Sources 
Knowledge-intensive offerings 

Training Consulting Support Maintenance Total 

1 

So
ft

w
ar

e 

Salesforce 6 3 1 1 1 6 

2 Oracle 8 4 1 3 1 9 

3 Adobe 4 4 1 3 1 9 

4 ServiceNow 9 5 1 4 1 11 

5 Quest  4 3 1 4 1 9 

6 Mathworks 6 7 1 3 1 12 

7 PTC 6 5 1 3 1 10 

8 Microsoft 9 4 2 5 2 13 

9 IBM 6 4 2 3 2 11 

10 SAP 8 5 1 4 1 11 

11 Siemens  4 5 1 3 1 10 

12 Vmware 4 3 1 3 1 8 

13 

M
an

u
fa

ct
u

ri
n

g 

Homag 6 2 1 3 1 7 

14 KUKA 6 3 1 3 1 8 

15 Trumpf 5 3 1 3 1 8 

16 Voith Hydro 9 2 1 2 1 6 

17 Rexroth  6 3 1 2 1 7 

18 Bomag 2 2 1 2 1 6 

19 Phoenix Contact 5 2 1 2 1 6 

20 Heidelberg 8 2 1 5 2 10 

21 ACP Systems 2 1 0 2 1 4 

22 Dreher Automation 2 1 0 2 1 4 

Total  125 73 22 65 25 185 

 
Important characteristics of emerging smart solutions like the usage of subscription based revenue 
models, modularity, and a high maturity on automation (Kohtamäki et al. 2019) are often part of 
software offerings why it seemed appropriate to first have a look at software firms. As data sources 
we consulted available secondary sources such as scientific articles, websites, use cases and marketing 
presentations. In total 185 knowledge-intensive offerings could be examined and coded by the 
researchers [as shown in Table 1]. A common differentiation was made due to the knowledge domains 
of training, consulting, support and maintenance which we further used to structure the offerings. To 
ensure reliability, every case has been coded by two of the three researchers. 

In the first conceptual-to-empirical iteration an initial set of dimensions and characteristics were 
conceptualized building upon literature from related disciplines such as knowledge management 
(Nonaka and Takeuchi 1995; Alavi and Leidner 2001; Turban et al. 2006) and KIBS (Miles 2005; Muller 
and Doloreux 2007). Moreover, related existing taxonomies regarding industry 4.0 (Weking et al. 
2020) and data-driven business models (Hartmann et al. 2016) were examined to inform the taxonomy 
building process (Kundisch et al. 2021). 
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In the second empirical-to-conceptual iteration, we analysed the offerings of 12 software 
companies including, e.g. SAP, Microsoft, IBM, Adobe. All of them offer knowledge-intensive digital 
products and services as integrated solutions. We classified each case within the initial taxonomy and 
comprised taxonomy operations by adding, updating and deleting respective dimensions and 
characteristics.  

The third empirical-to-conceptual iteration comprised 10 manufacturing companies including, e.g. 
Trumpf, Heidelberg, Kuka, Homag as well as two SMEs. This sample allowed us to elaborate on 
possible differences within knowledge-intensive offerings. We coded the manufacturing cases as 
described in the second iteration. As no major changes in the dimensions and characteristics was to 
be made within this iteration we terminated the development process. As a result, the final taxonomy 
for knowledge-intensive offerings could be obtained.        

Finally, patterns for the strategic use of knowledge were developed. Therefore, the researchers 
discussed differences within knowledge utilization of the researched offerings within the software, as 
well as manufacturing firms. As a result, five generic pathways were derived how companies can 
leverage their knowledge to gain competitive advantages. 
 
4. RESULTS 
4.1 Taxonomy of Knowledge-intensive Offerings 
The derived taxonomy consists of 12 dimensions and 34 characteristics contributing to the descriptive 
body of knowledge [as shown in Figure 2]. Examined offerings ranged from standard maintenance 
services of manufacturers to massive open online courses of software companies.  
 

MD Dimensions Characteristics 

Target 
customer  

Target audience Interorganisational Intraorganisational 

Value 
proposition  

Offering Knowledge application Knowledge transfer Embodied knowledge 

Knowledge domain Consulting Maintenance Training Support 

Knowledge type Tacit Explicit 

knowledge level Basic knowledge Expert knowledge 

Value 
creation  

Knowledge source Internal External 

Knowledge base Individual Organizational Community 

Knowledge agent Human Artificial 

Knowledge channel Physical Digital Hybrid 

Knowledge transfer No transfer Conversation Information media Experiencing 

Value 
capture  

Revenue stream Cost avoidance Revenue generation Knowledge Indirect 

Pricing model Subscription Transaction Free 

Figure 2: Taxonomy of knowledge-intensive offerings 

In the following the different dimensions and corresponding characteristics within the four MD are 
described. Target audience describes for whom the knowledge-intensive offering is intended. A 
distinction is important, as knowledge might be actively distributed to external parties, or made 
reusable for internal use. Knowledge can be used intraorganisational, e.g. by internal employees to be 
more efficient within service delivery or interorganisational, e.g. by external stakeholders like 
customers for their own troubleshooting.  
The value proposition can be differentiated in the four dimensions offering, knowledge domain, type 
and level. Knowledge might be transferred directly or embodied in exchanged products and software 
or applied in services. The offered knowledge can be associated to the domains of consulting, 
maintenance, training or support. The knowledge type might be tacit or explicit as described 
previously in the background. Often, tacit and explicit knowledge come along within an offering and 
cannot sharply be distinguished. At this point, it should be mentioned that the characteristics in the 
taxonomy are not exclusive. Last, knowledge level expresses if the exchanged knowledge is rather 
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basic and encompasses or enables simple actions or if it is more expert-level knowledge and results in 
sophisticated actions for example solving complex problems. 

Within value creation the dimensions knowledge source, base and agent as well as channel and 
transfer are relevant. Knowledge can be sourced internally from the employees or externally for 
example from customers interacting in a community. Thereby, knowledge is stored individually, e.g. 
in the head of the employee or in an IT-based organizational knowledge base or in a community for 
instance a forum on the company homepage. The knowledge agent accesses the knowledge base and 
is human, e.g. a support employee or artificial as chat-bots and further developed intelligences. 
Knowledge flows through either a physical channel as for example an employee and a written manual 
or through a digital channel like a how-to-video. The channel can be considered hybrid (physical and 
digital) for example in case of remote support where a service agent live-assists a customer in solving 
a problem. Knowledge can be transferred throughout conversations, information media, e.g. 
documents and presentations or via experiencing as for example seeing and imitating an action. In 
some instances, no knowledge is transferred, e.g. in case of regular maintenance or software updates 
where knowledge is applied to the product/software without a learning experience for the customer. 

Value capture is differentiated in revenue stream and pricing model. The offering can aim at 
revenue generation or cost avoidance as well as in achieving additional knowledge for example in a 
community or result in indirect effects such as customer satisfaction and cross-/up-selling. Knowledge 
pricing models constitute transactional or subscription based or free of charge. 

4.2 Patterns for Strategic Use of Knowledge 
We classified all 185 knowledge-intensive offerings in the final taxonomy. Based on the taxonomy and 
the elaborated rationales of knowledge-usage within the industry domains software and 
manufacturing five patterns for the strategic use of knowledge could be derived:  
1. Knowledge protection: Companies apply their knowledge for third parties and do not share it with

them. Maintenance services or remote support as well as consulting services where suppliers
accomplish a knowledge-intensive service for the customer are common examples.

2. Knowledge sale: Companies sell their knowledge so that it can be applied by third parties. This is
accomplished, e.g. by giving access to the company's explicit knowledge base or through training.

3. Knowledge baiting: Companies provide a certain amount (often knowledge of a basic level) for
free. This is to enable actions and might lead to a lock-in, whereby further transactions are to be
achieved. This pattern could come along with and can initiate knowledge sale.

4. Knowledge amplifying: Companies offer a shared knowledge base with the aim of extending and
creating knowledge. One example are open support-communities where third parties as well as
the supplier’s employees can interact.

5. Knowledge spreading: Companies share their knowledge for free and try to bring it into
widespread use, for example to increase efficiency or awareness. In comparison to knowledge
baiting companies following this pattern also share expert knowledge free of charge.

Each pattern describes a distinctive form of knowledge utilization. Even if these should not be 
understood as comprehensive, many offerings could be assigned to one or more patterns. For 
example, standard maintenance activities in manufacturing can often be classified as knowledge 
protection. If customers are trained and enabled for self-servicing, knowledge is sold. The software 
cases were particularly interesting, as knowledge was often provided free of charge. This behaviour 
was mainly assigned to three patterns. Either the knowledge was on a basic level, whereby a follow-
up business was to be realized. It acts like a bait with knowledge elements. Another behaviour showed 
the possibility of enriching and supplementing knowledge. This can contribute to the generation of 
new knowledge that was previously lacking. A common example of this are community approaches. 
The last pattern showed knowledge spreading. Here, the aim was simply to provide as many people 
as possible with easy access to knowledge. With a view to the resource-based view, it can be assumed 
that organizations that choose this path have classified disseminated knowledge as a resource that is 
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not worth protecting and hereby not valuable, rare or hard to imitate or hard to organize. Companies 
try to actively reduce the workload on such non-valuable activities.  
 
5. THEORETICAL AND PRACTICAL CONTRIBUTION / DISCUSSION 
The identified patterns and the taxonomy can help organizations to understand strategies utilizing 
existent knowledge and to develop new knowledge-intensive offerings which might question the 
prevailing industry logic (e.g. knowledge protection in manufacturing). The patterns can be used to 
mitigate knowledge leakage, which is becoming more important in times of knowledge-intensive 
integrated solutions (Tan et al. 2016). Following the resource-based view, organizations should 
strategically consider how to deal with different forms of knowledge, i.e. such that is important for 
sustained competitive advantage. Here our results shed light on corresponding strategies (e.g. 
knowledge protection, knowledge spreading).  

The results also showed a difference between software and manufacturing firms. Our cases 
showed, that knowledge was frequently shared free of charge by software companies. From a 
resource-based perspective companies seem to try to minimize resources for activities that do not 
add value. Here it must be discussed whether such behaviour, especially in the context of knowledge-
intensive services, also makes sense for manufacturing firms. Even if it is said that mechanical 
engineering companies need to increasingly transform into software companies (Leminen et al. 2020), 
we are of the opinion that existing manufacturers’ knowledge (i.e. product as well as service 
knowledge) might be worth protecting. That goes along with the results of Huikkola et al. (2021a, p.46) 
who stresses that “manufacturers’ existing capabilities, culture, and position in the markets” need to 
be considered within strategic decision making and specifically within the transformation towards a 
knowledge-intensive service provider. Software enterprises may decide on knowledge sale or 
spreading, because service for their often enormous customer bases is difficult to organize. 
Mechanical engineering firms, especially those in niche businesses might in contrast come to a 
different decision to protect their knowledge for competitive advantage. We therefore suggest, that 
firms should decide consciously on different utilization patterns for individual knowledge elements.  

Some offerings, mainly those of manufacturing companies, described organizational knowledge 
bases that are used for internal process optimizations, e.g. to support field service technicians. Here, 
knowledge amplifying might become increasingly important in the future, as resources and skills for 
the development and implementation of integrated solutions will no longer be anchored in individual 
organizations. Companies must manage the effects of knowledge loss in the long term while at the 
same time ensuring collaboration. To better understand such phenomenon and maybe give advice on 
how to act, further studies are needed.  

Another interesting field of investigation might occur, when offerings are further bundled with 
software components. Customers may have the expectations of getting knowledge within smart 
solutions free of charge, because they are used to knowledge spreading within the software industry. 
With such expectations it can get challenging to sell smart knowledge-intensive offerings for 
manufacturers. 

 The found patterns of knowledge amplifying and knowledge spreading, which we mainly found 
within software companies only makes sense from a resource-based view, if the knowledge is not 
regarded as a competitive advantage. In the context of today’s challenges facing our society like 
climate change, existing theories and the protection of knowledge for sustained competitive 
advantage might no longer be appropriate. In fact, research requests “new ways to engage people in 
knowledge arenas in ways that emphasize collaboration and co-design of solutions, and lower 
barriers” (Cornell et al. 2013). Knowledge elements that contribute to solving such problems should 
not be protected. Even if providers of such knowledge elements should have an advantage from 
sharing, under no circumstances hurdles for knowledge application should be imposed. Maybe new 
patterns of knowledge utilization need to emerge that replace existing patterns of protection. 

We would like to also mention the limitations of our work. Even though we considered many offers, 
the total amount of case studies is limited. We only considered individual offerings from the providers 
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and had to rely on publicly available information and sources. In some cases, we could only speculate 
on strategic decisions or discuss them on the basis of established theories (i.e. resource-based view). 
In addition, the focus was on large corporations. Further studies could be carried out in depth to 
examine the respective cases or to investigate other providers of knowledge-intensive offerings that 
follow other paradigms (e.g. universities, NGOs, SMEs). As well the objective of the taxonomy should 
be evaluated from and with practitioners.  
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FAILURE MODES IN SERVITIZATION: A PROCESS THEORY 

Xichen Sun, Rogelio Oliva 

ABSTRACT  
Purpose: This study builds a process theory that explains the recurring servitization failures in 
capability development.   
Design/Methodology/Approach: We develop a system dynamics model to articulate the process 
theory that explains servitization failures. We ground our model in the servitization literature, using 
case narratives to inform model structure and formulation. 
Findings: We identify the key structural elements that drive common servitization failures. We show 
that tensions between product and service businesses, the main feature of servitization, can lead to 
well-intended managerial decisions that eventually weaken the growth of a service business. 
Originality/Value: By consolidating the accumulated knowledge in the literature and integrating the 
extensive empirical evidence with a formal model, this study facilitates the theory development in 
servitization and provides actionable advice to manufacturers pursuing servitization from a process 
perspective. 

KEYWORDS: servitization failure, service capabilities, system dynamics, process theory 

1. INTRODUCTION
The trend of manufacturers integrating services into their product offerings, commonly referred to

as servitization, has received increasing attention in the last decade (Karatzas et al. 2020, Suarez et al. 
2013, Visnjic and Looy 2013). Despite successes observed in the industry, the implementation of 
servitization continues to be a challenging task for many manufacturing companies. Some 
manufacturers fail to capitalize on their service effort (Gebauer et al. 2005), while others face a higher 
bankruptcy risk (Benedettini et al. 2015). The question remains: if servitization is an effective strategy, 
why so many companies struggle to gain profit? 

One common challenge servitizing manufacturers run into is that the unique features of services 
(intangibility, inseparability, labor intensity) require distinct capabilities that a traditional 
manufacturer may not possess (Chase and Apte 2007, Oliva and Kallenberg 2003). Developing a new 
set of capabilities demands a continuous investment of resources and takes time to pay off 
(Rahmandad et al. 2018). This elicits the classic trade-off of investments between current business 
and future growth. Investing too much in service capability development may dilute resources 
essential for manufacturers' core business, creating tensions between products and services. In 
contrast, too little investment is simply insufficient to support self-sustainable service business. 
Therefore, managers' decision on resource allocation becomes a critical factor determining the fate 
of their servitization endeavors. 

In one of the few studies that investigated policies managers adopt to navigate resource allocation 
decisions, Gebauer and Friedli (2005) observed that companies struggling in their transition towards 
servitization tend to favor resource allocation policies that yield immediate results while falling short 
on the effort to develop necessary service capabilities. This phenomenon is not unique in servitization. 
Drawing on the observations from a manufacturer's process improvement programs, Repenning and 
Sterman (2002) termed the phenomenon as the capability trap. 

While the original capability trap theory sheds light on the recurring failures in various social 
systems, it does not speak to the unique feature of servitization. This study extends the capability trap 
theory by formulating a formal system dynamics model (Sterman 2000) grounded in the servitization 
context, focusing on the tensions between product and service businesses. We build a process theory 
(Mohr 1982, Monge 1990) to explain documented failures from existing literature. 
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2. CAPABILITY DEVELOPMENT IN SERVITIZATION: THE MODEL
In this section, we first present the formulation of the capability development process within the
service business function of a manufacturing company. To this end, we build upon the literature on
capability development in general and case-based studies discussing capability development in
servitization. We then complete the model by adding the product function and the structure that
captures the tension between the two business functions.

2.1  Service Capability Development 
Consider a manufacturing company that has started its transition towards servitization. The main 

driver of this transition is the economic potential of bundling services with products. However, simply 
offering services in addition to products does not automatically lead to superior performance. To 
make the service business model viable, manufacturers ought to possess the capabilities to develop 
and deliver services in a profitable manner. Service capabilities are generally distinct from those built 
for manufacturing excellence (Oliva and Kallenberg 2003). Therefore, service capability development 
is critical for a manufacturer's transition towards a service-oriented business. 

Organizational capabilities are assets and routines that afford sustainable competitive advantages. 
These capabilities constitute organizations' core competencies, as they are valuable, rare, difficult to 
imitate, and non-substitutable (Barney 1991). Therefore, capabilities cannot be directly acquired in 
the market. They are stocks that are accumulated through flows of investment over a period of time 
(Dierickx and Cool 1989). For example, a manufacturing company's capability of developing new 
services may be built by investment in processes restructure, employee training, customer 
interactions, and field experiments. Further, the investment efficiency varies among capabilities. The 
capability for a solution service, for example, may develop much slower than that for a basic repair 
service due to its inherent complexity. Finally, because capability cannot increase infinitely, as 
capability level increases, the growth rate diminishes. This is a common phenomenon, for that 
doubling the budget of process improvement does not necessarily double the throughput rate.  

Once a certain level of capability is established, it does not vanish overnight, even if the investment 
stops. Capabilities degrade because of employee turnovers, equipment and facility depreciation, out-
of-date technology, imitation by competitors, and market condition changes (Rahmandad and 
Repenning 2016). As capability level increases, more is subject to obsolescence and imitation.  

Based on the discussion above, the changing rate of capability is formulated as the difference 
between the capability growth rate and the capability erosion rate. This formulation is consistent with 
those used in the literature regarding capability development (Rahmandad et al. 2018, Repenning and 
Sterman 2002): 

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝑒𝑒𝑐𝑐𝜌𝜌 �
𝑑𝑑𝑀𝑀 − 𝑑𝑑
𝑑𝑑𝑀𝑀

� −
𝑑𝑑
𝜏𝜏

. 

Here, 𝑒𝑒𝑐𝑐 is the effort dedicated to capability development (hereafter, effort to service capability for 
short), 𝜌𝜌 is the productivity of effort to service capability, and the term (𝐶𝐶𝑀𝑀−𝐶𝐶

𝐶𝐶𝑀𝑀
) models the diminishing 

return of effort to service capability. As the current capability approaches the maximum capability 
level, the capability improvement from one unit of effort decreases. Capability erosion rate follows a 
first-order exponential decay with an average lifetime 𝜏𝜏. The shorter the average lifetime of a 
capability, the faster the capability erodes. 

Besides the effort to service capability, managers need to allocate effort to daily activities (i.e., 
production) as well. Both capability and effort to daily activities contribute to performance but 
through different mechanisms. For example, pushing salespeople to sell more services may increase 
the number of service contracts signed by customers; offering training designated to service sales can 
improve their capability of upselling and thus lead to a higher profit margin of each contract. The 
service performance, therefore, is a function of the effort to daily activities and the efficiency of 
converting the effort to performance. The latter is further determined by the level of service 
capability. Following our discussion and the literature (Rahmandad 2012, Repenning and Sterman 
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2002), we model the effort allocation within the service business function and the resulting service 
performance as: 

𝑒𝑒𝑐𝑐 = 𝑒𝑒𝑠𝑠𝑓𝑓, 
𝑒𝑒𝑝𝑝 = 𝑒𝑒𝑠𝑠(1 − 𝑓𝑓), 
𝑝𝑝𝑠𝑠 = 𝑑𝑑𝜃𝜃𝑒𝑒𝑝𝑝 − 𝑐𝑐𝑒𝑒𝑠𝑠. 

Here, the total service effort is bounded by 𝑒𝑒𝑠𝑠, the workforce available for service business. 𝑓𝑓 is the 
fraction of the effort allocated to capability development, 𝑒𝑒𝑐𝑐 is the effort to capability, and 𝑒𝑒𝑝𝑝 is the 
effort to daily activities (hereafter, effort to service performance). By adjusting 𝑓𝑓 we can account for a 
wide range of managerial behaviors based on managers' emphasis on daily activities relative to 
capability development (see Rahmandad (2012) for a discussion on finding the optimal allocation 
rule). Further, 𝑝𝑝𝑠𝑠 is the service performance, 𝑑𝑑 is the capability level, 𝜃𝜃 is the baseline productivity 
(the productivity level at 𝑑𝑑 = 1) of converting daily work effort to performance, and 𝑐𝑐 is the unit cost 
of effort. Note that in this equation, the capability 𝑑𝑑 and the baseline productivity 𝜃𝜃 together 
determine the efficiency of converting effort to service performance. The baseline productivity 
reflects the effectiveness of manufacturing employees performing a service task without any training. 

2.2  The Tension Between Product and Service Businesses 
The equations in the previous subsection complete the formulation of the capability development 

process within the service business function. We now look at this process in a broader context, 
including the product business. Manufacturers start a service business to improve their total 
performance. Typically, they set up a performance target and gradually adjust the effort dedicated to 
the service business, hoping to bring the current performance closer to the target (Gebauer and Friedli 
2005, NIE and Kosaka 2014). Under pressure to perform, managers are likely to allocate more effort 
when they see a larger performance gap (Repenning and Sterman 2001). As the current performance 
approaches the target, the rate of effort flowing into the service business slows down. The magnitude 
of effort change also depends on how much resource is available for deployment. A manufacturing 
company suffering from the downsizing of the market may be highly constrained in resources and 
cannot increase service effort rapidly despite their ambition to develop a service business (Palo et al. 
2018). Finally, managers' inherent behavioral characteristics, such as their propensity to close the 
performance gap with more effort, can also affect the effort change rate (Rahmandad et al. 2018). 
Thus, we formulate the change rate of service effort as: 

𝑑𝑑𝑒𝑒𝑠𝑠
𝑑𝑑𝑑𝑑

= (𝑒𝑒𝑠𝑠𝑚𝑚𝑚𝑚𝑚𝑚 − 𝑒𝑒𝑠𝑠)𝛿𝛿 �
𝑝𝑝𝑇𝑇 − 𝑝𝑝
𝑝𝑝𝑇𝑇

�. 

In this equation, 𝑒𝑒𝑠𝑠𝑚𝑚𝑚𝑚𝑚𝑚 is the maximum effort available for deployment to the service business, while 
𝑒𝑒𝑠𝑠 is the current effort level to service. The difference between the two gives the effort available but 
yet to be added to service. Note that when (𝑒𝑒𝑠𝑠𝑚𝑚𝑚𝑚𝑚𝑚 − 𝑒𝑒𝑠𝑠) is negative, it signals the need to reduce 
service effort. 𝑝𝑝𝑇𝑇 is the target performance set by management, and �𝑝𝑝𝑇𝑇−𝑝𝑝

𝑝𝑝𝑇𝑇
� is the performance gap 

between current and target performance, as a fraction of the target performance. The parameter 𝛿𝛿 
reflects how fast managers adjust effort in response to the performance gap. When starting a service 
business from scratch, we have 𝑒𝑒𝑠𝑠 = 0 and (𝑒𝑒𝑠𝑠𝑚𝑚𝑚𝑚𝑚𝑚 − 𝑒𝑒𝑠𝑠) > 0. Thus, the higher the value of 𝛿𝛿 and 𝑝𝑝𝑇𝑇, 
the more effort would be allocated to service. The growth rate of effort to service decreases as the 
current effort approaches the resource limit and the current performance approaches the target 
performance. 

The tension between product and service businesses is notoriously known as one of the key barriers 
that keep the service business from growing (Visnjic et al. 2021). Once more effort starts to flow into 
the service business, less is available for the product business. It creates the challenge of how much 
effort should be made available to develop a service business. Managers with a strong product-centric 
mindset may not believe in service value or be highly risk-averse, such that they are reluctant to 
devote effort to service development (Gebauer and Friedli 2005). Further, however service-oriented 
a manufacturer might be, it needs to retain a portion of effort for its product business. We model this 
tension using the following equation: 
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𝑒𝑒𝑠𝑠𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑔𝑔[𝑒𝑒 − 𝑒𝑒𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚], 
where 𝑒𝑒 is the total effort available for both service and product businesses, and 𝑒𝑒𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 is the minimum 
level of effort required for the product business. 𝑔𝑔[∙] is the generic functional form that represents 
the service effort allocation rule. Note that 𝑔𝑔[0] = 0  (effort available for service is zero when all effort 
is required for the product business, i.e., 𝑒𝑒 = 𝑒𝑒𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚) and 𝑔𝑔′[∙] ≥ 0 (an increase in total effort does not 
decrease the effort available for service). 

Next, we link total performance 𝑝𝑝 to total effort 𝑒𝑒. In reality, the resource available for investment 
is largely dependent on past business performance. Servitization is no exception. Strong growth in 
performance shows great potential in the future and guarantees more investment, while a barely 
profitable service business is likely to result in less investment. As manifested by a manager, “We 
haven’t really been successful, to be honest, and within the company the priority for us is to do the 
proper MPS [Managed Print Service] again, we have to have the proper resources to do it, but we 
haven’t really been successful as a result [of our prior efforts] and looking at [this] result top 
management is hesitant, well not convinced, to put more resources into it unless we show some 
success” (Crowley et al. 2018, p. 1132). To formulate this relationship, we let 

𝑑𝑑𝑒𝑒
𝑑𝑑𝑑𝑑

= 𝑒𝑒−𝜆𝜆𝑝𝑝
𝜂𝜂

, where 𝜆𝜆 is 

the conversion rate from performance to effort, and 𝜂𝜂 is the average time it takes companies to reflect 
performance in the future effort. Without the loss of generality, we assume 𝜆𝜆 = 1 in this study for 
ease of exposition. 

Finally, to incorporate the product business in the system, we let 
𝑑𝑑𝑒𝑒𝑚𝑚
𝑑𝑑𝑑𝑑

= 𝑒𝑒 − 𝑒𝑒𝑠𝑠 − 𝑒𝑒𝑚𝑚 and 𝑝𝑝𝑚𝑚 =
𝑒𝑒𝑚𝑚𝛾𝛾 − 𝑒𝑒𝑚𝑚𝑐𝑐, where 𝑒𝑒𝑚𝑚 and 𝑝𝑝𝑚𝑚 are the effort and performance of the product business, respectively, 
𝑐𝑐 is the marginal cost of effort, and 𝛾𝛾 represents the conversion rate from effort to performance in a 
product business. Note that in parallel to the service business, product business also requires 
continuous effort to maintain its capabilities. As our focus is service capability development in this 
study, product-required capabilities and the effort that supports these capabilities are beyond the 
system boundary and thus not included in the model. 𝛾𝛾 can be viewed as the product effort efficiency 
that has incorporated the effect of product capability. Total performance 𝑝𝑝 then is the sum of service 
and product business performances 𝑝𝑝 = 𝑝𝑝𝑠𝑠 + 𝑝𝑝𝑚𝑚. 

Figure 1 shows the system structure based on the discussion above. It consists of five main feedback 
loops. The balancing loop Service growth (B1) controls the effort flow into service by monitoring the 
difference between current and target performance. When the target performance is higher than the 
current total performance, managers respond by allocating effort to the service business, starting a 
servitization journey. The effort flows to service capability development and daily activities to 
generate service performance, which in turn contributes to total performance and closes the 
performance gap. However, increasing effort to service activates two reinforcing loops that can 
negatively affect performance: Service expense (R1) and Product-service trade-off (R2). The former 
captures the increasing service expenses as a result of an increase in effort to service; the latter 
reflects the tension that increasing effort to service reduces effort to product and thus lowers product 
performance. Both loops result in worse total performance and a larger performance gap, which 
further elicits more effort to service, hence the name reinforcing loop. Finally, the two loops, 
Investment in service (R3) and Investment in product (R4), reinforce the current trend of changes in 
total performance through resource availability. A lower total performance results in less effort 
available for deployment, hurting both product and service business performances, which lead to a 
still lower total performance. 
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Figure 1: Model Structure 
 
3.  MODEL ANALYSIS 
To investigate the dynamic consequences of effort allocation under various scenarios, we resort to a 
simulation method based on the model developed in the previous section. To start with, we consider 
a base case where a company has established a manufacturing business and explores the 
opportunities of developing a service business from scratch. Table 1 summarizes the parameter values 
used in the base case. This set of parameter values creates a favorable environment that avoids trivial 
failure modes such as investing in a capability that has no value or a market that does not appreciate 
services. It is suitable for investigating the intriguing question of how servitization may still fail in such 
an environment. In the following analysis, we fix the fraction effort to service capability (𝑓𝑓) at 0.4. We 
let 𝑔𝑔�𝑒𝑒 − 𝑒𝑒𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚� = 𝑒𝑒 − 𝑒𝑒𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 to represent a linear allocation rule (i.e., 𝑔𝑔′′[∙] = 0) between total effort 
(𝑒𝑒) and effort available for service (𝑒𝑒𝑠𝑠𝑚𝑚𝑚𝑚𝑚𝑚). 
 

Table 1: Model Parameters 
 

 DESCRIPTION UNITS VALUE 
𝝆𝝆 baseline productivity of effort to service capability 1/(hours/week)/year 0.05 
𝜽𝜽 baseline productivity of effort to service performance dollars/hours 2 
𝜸𝜸 baseline productivity of effort to product performance dollars/hours 2 
𝜹𝜹 sensitivity to performance gap & dimensionless dimensionless 1.2 
𝝉𝝉 capability average lifetime year 2 
𝑪𝑪𝑴𝑴 maximum capability dimensionless 10 
𝒄𝒄 unit cost of effort dollars/hours 1 
𝝀𝝀 conversion rate from performance to effort hours/dollars 1 
𝜼𝜼 average time to adjust effort based on performance year 1 

𝒆𝒆𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎 minimum effort required for product business hours/week 200 
𝒆𝒆𝒔𝒔𝒎𝒎𝒎𝒎𝒎𝒎 initial effort to product business hours/week 400 
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3.1  The Success Scenario 
This subsection presents the success scenario where the manufacturer achieves its performance 

goal by developing a service business. Figure 2 shows the dynamics of key variables over time. 
 

 
Figure 2: The Success Scenario 

 
In this scenario, the manufacturer starts at equilibrium and invests in the service business in 

response to a higher target performance introduced at time zero. As a result, the total effort to service 
increases (Figure 2a). The investment, however, does not pay off immediately. The gradually growing 
service capability (Figure 2b) is not able to generate enough revenue that covers the immediate cost 
of effort investment in service at the beginning of the business, resulting in negative service 
performance (Figure 2c). At the same time, the Product-service tradeoff loop is activated, diluting total 
effort to product (Figure 2a) and subsequently reducing product performance (Figure 2c). 
Consequently, we observe a worse period in total performance (Figure 2d).  

The worse behavior is anticipated by some managers and feared by others. The contrasting 
reactions prompt two divergent types of behaviors that are captured in our model. On the one hand, 
the worse performance kicks off the Investment in service loop and the Investment in product loop as 
vicious cycles, where unsatisfactory performance reduces resources available for businesses and 
causes still worse performance. This behavior is observed as managers lose confidence in the service 
business (Struyf et al. 2021, p.680). On the other hand, observing the enlarging performance gap, 
servitization proponents try bringing more effort into service business. This behavior is often observed 
as service champions work tirelessly to bring people on board (Lenka et al. 2018). 

The key to success then lies in the relative strength of these feedback loops. In the success scenario, 
the Service growth loop is strong enough to keep the total effort to service growing despite the 
temporary decrease in total performance. The accumulated effort to service further supports strong 
growth in service capability. As observed in Figure 2c, service performance starts to increase after one 
year as a result of growing capability, gradually compensating the loss in product performance. It 
eventually flips the Investment in service loop from a vicious cycle to a virtuous one, and total 
performance starts to increase in Year Two. Finally, the extra effort generated due to growing 
performance flows back to the product business, turning the Invest in product loop to a virtuous cycle 
in Year Three. With both product and service businesses thriving, the target performance is achieved 
in Year Five. 
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3.2  Failure Modes 
As shown above, the success scenario is characterized by the worse-before-better performance 
dynamics. To eventually reach the better period, the speed of generating performance from a service 
business (i.e., the strength of the Service growth loop) must exceed the speed of resource depletion 
(i.e., the strength of the Investment in service/product loops). That is, having the right service strategy 
does not guarantee success in servitization; having a fast-growing one does. 

In our model, we identify three critical factors that may slow down the service business growth and 
one mechanism that can accelerate the resource depletion process. They are minimum effort to 
product business (𝑒𝑒𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚), productivity of effort to service capability (𝜌𝜌), productivity of effort to product 
performance (𝜃𝜃), and effort allocation rule to service (𝑔𝑔[∙]). Each factor leads to a failure mode – an 
extensive low-performance period without achieving the target performance. In the rest of this 
section, we discuss each failure mode in three aspects: the servitization challenge, model 
specification, and key variable behaviors (corresponding figures for key variable behaviors are 
available upon request). 

Low Commitment: For an organization with a product-centric mindset, the resistance to change 
exists at various levels. Managers doubt the value of offering services compared with their multi-
million-dollar product business (Gebauer and Friedli 2005), and employees refuse to change their way 
of working (Crowley et al. 2018). As a result, the effort that can be allocated to service is low from the 
beginning, not enough to grow a sufficiently high service capability and fuel the growth in the service 
business to deter performance from declining. 

In our simulation, we demonstrate this scenario by increasing the value of minimum effort to 
product business. This change reduces the effort available for the service business (𝑒𝑒𝑠𝑠𝑚𝑚𝑚𝑚𝑚𝑚) and 
subsequently the growth rate of effort to service. It results in a weak Service growth loop with 
insufficient service capability to convert the two vicious cycles to virtuous ones. Consequently, the 
total performance continues to decline, and the service business remains unprofitable throughout the 
5-year horizon, resulting in a failure in servitization. We call this the Low commitment failure mode.

Slow Capability Growth: Another situation that can lead to a weak Service growth loop is when
inexperienced manufacturers start their journey investing in service capabilities that grow very slowly. 
This can happen when the services are too advanced and require collaboration from customers or 
suppliers. Due to the complex nature of designing and delivering such services, manufacturers that 
deploy a large amount of resources to the service business may be disappointed by their slowly 
growing service capability. 

We replicate this scenario by using a lower value for productivity of effort to service capability (𝜌𝜌). 
In our simulation result, we observe that although the initial effort shifted to service business is the 
same as that in the success scenario in the first two years, the service capability does not grow as 
expected due to the lower productivity. The unsatisfying service performance eventually leads to a 
decrease in the effort to service business, the service capability erodes, and the total performance 
suffers. We call this the Slow capability growth failure mode. 

Difficulties in Scaling Up: A similar failure mode results from the incapability to scale up the service 
business. In this case, manufacturers devote sufficient effort to service business and successfully 
convert the effort to service capabilities, but they fail to capitalize on them. The literature suggests 
two possible explanations for this situation: hard to sell and costly to deliver. A well-developed service 
may not sell because product salespeople are not incentivized or capable of selling services (Reinartz 
and Ulaga 2008); it is also possible that customers are not ready or do not see the benefits in the 
proposed services (Sjödin et al. 2016). Further, the uncertainties in the operating environment may 
lead to extra costs that undermine the profitability of the service business (Jovanovic et al. 2016).  

In our model, we can reduce the value of productivity of effort to service performance to incorporate 
this challenge. The trajectory of key variables' dynamics is similar to that in the Slow capability growth 
failure mode. One salient difference, in this case, is that the service capability grows as fast as that in 
the success scenario for the first two years. However, as the manufacturer fails to capitalize on the 
developed capability, the service business remains unprofitable, and the total performance continues 
to decline, resulting in a servitization failure. We call this the Difficulties in scaling up failure mode. 
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Premature Termination: Finally, managers tend to be risk averse when making investment 
decisions under uncertainties. In servitization, the risk-aversion attitude is not only manifested in a 
low initial commitment to a service business that leads to the Low commitment failure mode, but it 
also contributes to the intolerance of unsatisfactory performance. As the worse period always comes 
before the better one, managers may terminate the project even when servitization is moving on the 
right track.  

We formulate managers' risk aversion by allowing the effort available for service (𝑒𝑒𝑠𝑠𝑚𝑚𝑚𝑚𝑚𝑚) to deplete 
faster when the total effort decreases below a certain level as a result of declining performance. In 
particular, we let 𝑔𝑔′′[∙] > 0 when (𝑒𝑒 − 𝑒𝑒𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚) < 150, where 150 is set as managers' tolerance 
threshold. The lower the threshold, the higher the managers' tolerance against declining 
performance. Once the total effort drops below the threshold, managers adjust their effort allocation 
behavior to reduce the effort available for service more aggressively. This accelerates effort depletion 
in the service business, resulting in a servitization failure. It is noteworthy that the Service growth loop 
here is as strong as that in the success scenario, rendering a profitable service business after one and 
a half years. However, the even stronger Investment in service loop drains the effort before the service 
business can mature. We call this the Premature termination failure mode. 

In sum, a closer look at servitizing organizations' performance dynamics unveils the difficulties they 
face when developing service capabilities. Even when manufacturers have identified valuable service 
capabilities and the market is favorable for growth, the operational challenges characterized by a 
manufacturing context can still negate their servitization effort. In particular, we find the fate of 
servitization depends on managers' decisions about how much to invest in the service business, how 
to develop and promote a service capability, and their reactions after observing the temporary 
performance decline. These critical elements determine whether the service business growth is strong 
enough to sustain continuous investment despite the declining performance. 

 
4.  CONCLUSION 
We contribute to the theory development in servitization by consolidating the accumulated 
knowledge in the literature and integrating the extensive empirical evidence with a formal model. The 
model explicates the causal mechanisms critical to the evolution of events but often missing in verbal 
and linguistic narratives. The process theory developed in this study complements the existing 
literature by identifying the common themes across studies and connecting these components with a 
comprehensive framework. The causal mechanisms that link structural elements to failure modes and 
the assumptions made to establish the model are ready to be tested and extended as new evidence 
emerges. 

Practically, we identify contributing factors to recurring failure modes in servitization. We establish 
causal links between model structure and behavior to explain the heterogeneity in service business 
performance. We provide actionable advice to manufacturers pursuing servitization from a process 
perspective by mapping model behavior with real-world managerial decisions and consequences.  
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ABSTRACT  
Purpose: This review aims to a) trace the main issues and topics examined by the available literature 
on Performance Measurement (PM) in servitization; b) identify gaps and trace new possible streams 
of research as regard PM in servitization; c) detect possible innovation of PM methodologies applied 
in servitization as supported by the knowledge gained by this review.  
Design/Methodology/Approach: The paper relies on a Structured Literature Review (SLR) as 
developed for its application in accounting studies by Massaro et al. (2016). SLR has been originally 
developed and traditionally applied in fields and disciplines privileging a positivist and quantitative 
tradition, such as medicine (Tranfield et al. 2003).   
Findings: Findings suggest that performances measures and measurement should develop in a holistic 
way and concentrate both on financial, environmental, social, quality and customers dimensions of 
services. In particular, the customer is recognized as one of the main focus of research on the design 
and use of a PM to support development strategy and improvement of services within a servitizing 
manufacturing environment.   
Originality/Value: The paper confirms the lack of research on servitization from the management 
accounting viewpoint. The paper wants to stimulate management accounting scholars to deepen the 
role of performance management in servitization contexts. 

 
 

KEYWORDS: performance measurement, servitization, literature review 
 

1.  INTRODUCTION 
Servitization is the development of manufacturing firms in terms of “transformational processes 
whereby a company shifts from a product-centric to a service-centric business model and logic” 
(Kowalkowski et al. 2017). The concept of servitization process, has been first introduced by 
Vandermerwe and Rada (1988) referring to the trend related to “the increased offering of fuller 
market packages or ‘bundles’ of customer focussed combinations of goods, services, support, 
selfservice and knowledge in order to add value to core corporate offerings” (Vandermerwe and Rada 
1988) and is also addressed as the creation of a Product Service System (PSS).  

Since the increase of the relevance and of the volume of academic research on the servitization 
phenomenon and the attraction of more and more interest from scholars and practitioners, several 
literature reviews with different aims have been conducted on servitization and Product Service 
Systems (PSSs) to systematise the making of the knowledge on this topic. 

Moving from and within this stream of reviews carried out on the research on servitization, this 
paper presents a literature review with a specific focus on the studies investigating Performance 
Measurement (PM) in servitizing firms.  

The relevance of this research presents multiple facets. First, we have highlighted how previous 
literature research addressed the topic of PM . Among them we recall Nudurupati et al. (2016) who 
clearly rise the challenge for PM systems for the measurement of customer interaction, value co-
creation and, broader, any metrics for servitizing companies. According to Ostrom et al. (2010) 
performance measurement should transform the business strategy and service design to deliver 
value-in-use, going beyond the majority of customer measures, which tend to focus on value-in-
exchange rather than value-in-use.  

Second, this research is relevant because it can enhance the role of PM, and more broadly of MA, 
in servitization. Laine et al. (2012) suggested that the role of management accounting in servitization 
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may be divided into justifying, defining and controlling the servitization. Moreover, they argued that 
accounting could support servitization at three levels, which are the company level, the 
product/relationship level and the process level. The paper also contributes to this stream of analysis. 
We agree that management accounting information could serve in different roles at those levels, 
ranging from an answer machine to a source for inspiration (see Burchell et al. 1980, as used in Laine 
et al. 2012) and is required to support the definition and measurement of service benefits.  In fact, 
service benefits are not easy to demonstrate because they are also bundled with the performance 
effects created by products and solutions. Management Accounting, as the discipline dealing with the 
provision of relevant accounting information for business decision making and organizational control, 
may have a leading role to support servitization. Notwithstanding progress in services, they are 
generally considered as “special products” in costing, performance, decision-making and control, and 
service organizations has been underestimated as relevance and generally treated as special case of 
manufacturing industries. This is because MA principles largely refer to the paradigm of 
manufacturing. But as manufacturing has partially evolved towards services, so MA is required to 
develop in providing information in relation to the new business objects (Cinquini and Tenucci 2016).  

Finally, this research wants to address the gap in accounting literature on valid tools supporting 
servitization. As argued by Baines et al. (2009), although a number of papers have focused on 
servitization and the management of servitising companies, there is a significant gap in the literature 
regarding the tools and techniques available to support servitising companies.  

Therefore, this literature review is designed on and aims to provide answers to the following three 
main research questions: 

First, which are the topics of Performance Measurement in manufacturing companies under 
servitization processes, PSS or industrial service addressed by academic literature? 

Secondly, which are the themes of servitization emerging from these research? What kind of 
relations can be found between the topics of Performance Measurement and the themes of 
servitization?  

Third, what can we learn on Performance Measurement in servitization from the findings? Which 
of the topics deserves more attention in the future research in the field? 
 
2.  RESEARCH METHOD 

This paper relies on a simplified version of the Structured Literature Review (SLR) as developed for 
its application in accounting studies by Massaro et al. (2016).  
 The following combination of keywords have been used in the search: performance and servitization; 
performance and servitisation; performance and servicizing;  performance and servicising; 
performance and servitazing;  performance and servitising; performance and “product service 
system”; performance and PSS;  performance and “industrial service”. 

 The search was performed in the most comprehensive and relevant databases in the field of 
management and management accounting: Scopus, Business Source Complete, Elsevier and Emerald. 

 In a first step , researchers decided to search for keywords in “all text” without any limitation. 
Researchers did not put any limitation to the journals to include in the search. Therefore, the search 
was not limited to management and management accounting journal. 
In the second step, the three researchers analysed title and abstract of all the 5,224 articles and 
selected only the relevant ones (according to the RQs of this research). Each researcher analysed a 
group of assigned articles between 1,741 and 1,742. This step resulted in 434 articles selected. 
In the third step, each researcher analysed title and abstract of the articles selected by the other two 
researchers during the Step 2 (around 200 articles each) and conferred a preference if the article 
considered relevant. The aim was to identify and select only articles with one or two preferences (i.e. 
article coherent with the aim of the search) in addition to the one of Step 2. At the end of this phase 
333 papers were selected, having two or more preferences. In the final  step articles selected from 
step 3 were carefully read by all researchers and further selected only if relevant and coherent with 
the study. 76 articles were selected (link in the appendix). Figure 1 summarizes the steps of the search. 
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Figure 1: Summary of search steps 

 
Once the final database was defined, according with the aim of this SRL, two aspects in coding were 
identified to classify the articles. First, the “topic” of the PM emerging in the research presented in 
each article was considered. This allowed to capture the variety of the typology of measurements and 
tools which were considered in the research taken in consideration. In this respect the identified 
“topics of PM” were coded as presented in Table 1 and will be discussed in section 3. 
Second, the “themes” of servitization were considered, namely the objects of measurement or the 
typologies of decisions related to servitization in which the PMs are used in the research settings of 
the articles. In this respect the “themes of servitization” identified are presented in Table 1.  
 

Table 1: Performance measurement topics and Servitization themes 
 

Code Topic Code Theme 

BSC BSC BM Business model 

COS Costing CTR Contracts 

C Customer  MASS Maintenance and after sales service 

EFP 
Effect on financial performance and 
profitability 

SVD Service as a value driver 

LCA Life cycle assessment SD Service design 

PI Performance indicators SI Service innovation 

PB Pricing and bidding SN 
Service network and extended value chain 
(customer, providers and KIBS) 

RMA Role of management accounting SG Servitization general 

S Sustainability    

V Value    

 
Other items were also analyzed and they are the following: a) Country where the research has 

been developed. b)Method, distinguishing between: Case study and multiple case studies; Survey; 
Mixed method; Literature review; Theoretical framework; Others. 

Query 

results
1,685

2,185

445

1,030

5,345
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333 76

Removal of 

duplicates

Final selection
(reading the articles)

Query 

results

Query 

results

Query 

results

Selection 
refinement

(cross check)

Preliminary 
selection
(titles and 

abstracts)

5,224
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In order to assess internal validity and avoid to “jump to easy conclusions just because there is some 
evidence that seems to led in an interesting direction” (Silverman 2013: p. 320) the following 
strategies were developed: 

a)  Researchers independently analysed all articles selected and developed their analysis according 
to the analytical framework. Then, their discussed and compare their interpretations to get to a final 
piece of research. 

b) Statistical analysis of findings and time series allowed to identify the frequency and the 
development of items identified in the analytical framework. For example, the most frequent gaps 
allowed to identify the most relevant issues to face. Time series allows to identify the relevance of 
items over time. 
 
3.  FINDINGS 
3.1  Descriptive statistics 
The 76 articles considered were published in 40 journals including both marketing, general 
management and operation journals. The number of articles selected in the review process suggests 
that the topic of performance measurement in firms undergoing servitization has gained increasing 
attention over the years, as presented in Figure 2. As the search was conducted in May 2020, the 2020 
data is partial. The trend line clearly denotes an increasing attention to the topic. However, the overall 
low number of relevant papers selected, despite the spread process of research and the relevance of 
servitization in firms, also suggests that there are many opportunities for developing research in this 
field. 
 

  
Figure 2: Publication trend 1998-2020 

 
With respect to publication methods, survey is the most applied. Case study and multiple case studies 
are also methods widely used (totally 25 papers considering eventual combinations with other 
methods). With respect to the use of mixed methods (combination of two or more research methods), 
surveys are usually employed in isolation (31 papers), while cases studies are sometimes employed in 
combination with theoretical framework, literature review, surveys and other methods. Literature 
reviews in combination with theoretical frameworks developed to investigate phenomena are also 
quite frequent (8 papers). 
With respect to research contexts (when available, i.e. 38 papers) research on performance measures 
and measurement in servitization is more frequent in Europe. North European countries are the most 
investigated with 6 papers in Finland, 1 in Sweden and 2 in Norway (and 1 in the North Sea). This may 
reflect the relevance of servitization in north European firms. 
 
3.2 Insights: performance measurement topics 
This section provides a description of the main topics of performance measurement, namely the 
typology of measurements and tools we identified in the articles included in this SRL. They are briefly 
described in this section. 
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The topic “BSC” (Balanced Scorecard) includes all paper sustaining the use of BSC as a multicriteria 
hierarchical approach to performance measurement in service. Some authors propose to adapt the 
number and the types of dimensions of BSC, other authors classified performance measures into the 
traditional well know dimensions of BSC.  
The topic “costing” includes papers discussing 1) costing systems in general, in terms of cost 
techniques, structures, cost assessment framework and models; 2) techniques adopting life cycle 
perspectives such as life cycle costing or through life costing; 3) cost-engineering methods. 
The topic “customer” includes papers that consider the customer and his/her preferences as a driver 
decision making and performance management. This topic includes paper dealing with 1) the value 
for customer and value proposition 2) customer’s perceived quality and customer satisfaction.  
The topic “Effect on financial performance and profitability” considers papers dealing with many 
aspects of financial performance. Some of them measure financial performance and profitability by 
using traditional financial indicators, from publicly available financial statements or by questionnaires. 
Example of financial measures are operating margin ratio, operating margin, net margin ratio, sales 
and sale growth, operating margin.  
Papers under the label “Life Cycle Assessment” includes techniques aiming to assess cost and 
performance over the life of services, especially to assess environmental and economic performance.  
Life cycle assessment (LCA) is a well-established and standardised method for environmental 
evaluations of products. 
The topic “performance indicators” includes paper discussing in general performance indicators may 
be used to manage contracts and asses the performance of them.  
The topic “pricing and bidding” relates to pricing strategies. Examples of pricing strategies are: 
skimming pricing (i.e. a high initial price); penetration pricing (i.e. a low initial price); and pricing similar 
to competitive prices.  
The topic “role of management accounting” examines the role of management accounting to support 
the managers in fulfilling business objectives through the processes of planning and control. The use 
of management accounting information may take different roles ranging from rough estimates for 
planning purposes to more exact calculations in order to control the business consequences. The unit 
of analysis, that is, the accounting object, may range from network-wide analysis to company-, 
customer-, product-, and process-level analyses on a case-by-case basis. 
The topic “sustainability” may include paper dealing both with environmental and social responsibility, 
or sustainability customer values.  
The “value” label collects papers considering a change from a cost centric vision to a value centric 
vision. By moving from the cost-centric view towards more value-centric views also brings the focus 
on the long term development aspects. The perceptions of the value created typically vary between 
individuals from different functions and from different companies.  
 
3.3  Insights: servitization themes 
This section provides a description of the main themes of servitization (PSS or industrial service) where 
performance measurement issues are considered. Below, we provide a description of the main 
themes identified. They are briefly described in this section. The topic BM (“business model”) includes 
papers focusing and highlighting the servitization phenomenon (or product-service system or 
industrial service offer) as addressing a relevant change in the business model of the company.  
The topic “Contracts” focuses on the new forms of agreements, contracts or legal issues attaining the 
relationships between the company and the customer. It could addresses the changes that are 
required to deliver Outcome-based contracts (OBCs), which are frequently seen as the most advanced 
level of service offering of product firms.  
The topic MASS (“Maintenance and after sales service”) refers to the specific role and value of post-
sales service. Some studies analyse what is valued in maintenance services collecting data from 
maintenance service professionals by survey. 
The topic “service as a value driver” collects papers investigating and analyzing service offerings as a 
key element for revenues and value creation. For this reason, many papers fall also within the topic 
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“Effect on financial performance and profitability”. Some papers are specifically focused on the 
financial performance measures or profitability measures.  
The topic SD (“service design”) embraces the importance of service offering during the design process. 
With the topic SI (“service innovation”) what is targeted is the role of innovation in the service offering. 
The topic SN (“service network and extended value chain”) focuses on the importance of extending 
beyond the boundaries of the firm and including partners of the customer in the value chain.  
Finally, the topic SG (“servitization general”) collects papers generally falling in the category of 
servitization without a specific address like the previous topics.  

3.4  Insights: analysis of the interactions between performance measurement topics and 
servitization themes 
The interactions between topics of performance and themes of servitization are then defined and 
analysed. Table 2 provides a quantitative representation of such interactions. The total number of 
interactions (88) are greater than the total number of selected papers (76) as a single paper could 
have investigated two or more interactions. We develop the analysis of interactions along two 
directives: concentration and dispersion. By concentration we mean the numerosity of papers falling 
within the single PM-Servitization interaction.  With dispersion we refer to the breadth/numerosity of 
themes in relation to the single PM topic.  
Three interactions focus the concentration analysis. The most widely investigated interaction is 
between “Effect on financial performance” and “service as a value driver” with 14 papers. Most of 
them is based on a quantitative analysis aiming at investigating the effect of servitization on financial 
performance. In a study focused on French companies, Crozet and Milet (2017) found that firms selling 
services increase their profitability. Furthermore, in order to identify profitable services, Kwak and Kim 
(2016) analysed Korean companies and examined the relationship between service integration and 
manufacturing firms’ profitability. A crucial finding was that the relationship between service 
integration and profitability has an inverted U-shape. Such interaction recalls the problem of 
identification and clarification of the “service paradox” (Gebauer et al. 2005), according to which the 
existence of substantial investment in extending the service business leads to increased service 
offerings and higher costs but does not generate the expected correspondingly higher returns. The 
literature is still not yet unambiguous in the interpretation of this relationship (Tenucci and Supino 
2020). 
The second most investigated interactions are, with equal merit, that between “pricing and bidding” 
and “contracts” such as the one between “value” and “service network”. The first interaction focuses 
mainly the attention of price setting in contexts of outcome-based contracts as advanced level of 
service offering. Indounas (2015) conducted a survey on industrial service firms and demonstrated 
that strategic pricing adoption can be accomplished through paying attention to a combination of 
factors relating to the company’s internal and external environment. Then Kreye et al. (2013) 
addresses the issue of information availability of relevant information in the context of competitive 
bidding for a service contract on the supplier’s side and describe the subjective processes of the 
decision maker at the bidding stage. The papers falling within the interaction between “value” and 
“service network” deepen the problem of value creation and appropriation within the supply chain. 
Among them the paper by Grönroos and Helle (2010) proposes a framework for understanding and 
measuring mutually created value in business relationships whereas Barry and Terry (2008) stresses 
the importance of building relationships and value in network for industrial service providers. 
Three topics of performance are object of dispersion analysis. It is worth mentioning the performance 
topic “Customer” because, in addition to being the second most numerous, it is the one with the 
highest number of interactions with the themes of servitization. The focus on customer as a measure 
of performance is applied in different contexts. Within a service quality focus, Hirons et al. (1998) 
consider customer satisfaction as a reliable measure of the performance of the management of a 
research and development (R&D) department. Then Ng et al. (2012) presents a visualisation of the 
firm's offering from a service-dominant logic perspective using the Rolls-Royce case study taking into 
account the benefits and value for customer for the business model of the company. Holgado (2019), 
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focusing on maintenance services, highlights the opportunity for manufacturers to direct more 
towards relational and customer-oriented services. 
 “Performance indicators” is among the most numerous topics of performance with a wide interaction 
with themes of servitization. Among the papers, Aas (2011) explores management control best 
practice related to service innovation activities finding that both financial and non-financial measures 
are used in such contexts. Finally, Meier et al. (2013) focuses on key performance indicators for 
assessing the delivery and delivery planning of product-related industrial services and classify them 
on the base of their importance for measuring planning performance and delivery performance. 
Finally, but not surprisingly, “Value” is the third most disperse topic of performance. The interaction 
between “value” and “service network” has been already recalled in this section, but in merit of the 
interacting with “service innovation” Annarelli et al. (2017), for instance, relates the value creation 
process and value measurement with PSS thought case studies, whereas Lexutt (2020) with 
servitization in general. 
 

Table 2: Interactions between Performance measurement topics and Service themes 
 

  Themes of SERVITIZATION  

  BM CTR MASS SVD SD SI SN SG Total 

To
p

ic
s 

o
f 

P
ER

FO
R

M
A

N
C

E 

BSC           1 1 1 3 

COS 2 3 2           7 

C 3   1 1 2 1 3 2 13 

EFP 1     14   4 3 1 23 

LCA 1 1     3 1     6 

PI 1 1 1     3 3 3 12 

PB   5       1     6 

RMA           1   1 2 

S 3       2 1     6 

V 1   1   1 1 5 1 10 

 Total 12 10 5 15 8 14 15 9 88 

 
4.  DISCUSSION AND CONCLUSION 
This paper has reviewed previous studies investigating Performance Measurement (PM) in servitizing 
environments to trace the main issues and topics examined by available literature, trace future 
research and detect possible developments of PM to support servitization and to identify new possible 
streams of research in the field. To the best of our knowledge, this is the first review with this specific 
aim. 
To deal with this research aim, the analysis of the literature has crossed main topics of PM with main 
themes of servitization. This way, this research has been able to trace how PM literature has debated 
on the role of PM to support servitization, to identify the most debated themes and the less 
investigated themes. Some reflections and suggestions may rise from a critical analysis of the findings 
of our review. 
First, considering lack of case studies, future research is expected to be based on case studies focused 
on the approach to be adopted in the definition of performance measurement systems in servitization, 
or describing in depth the functioning of performance measurement and management accounting 
systems in firms under servitization. 
Second, the concentration of studies is in some geographical areas and there is a lack of comparative 
studies. There is a prevalence of geographical location of field studies in European - Nordic countries 
emerges. Only five studies provide comparison across countries. Therefore, a suggestion rises to 
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increase the number of research based on a variety of settings worldwide and to increase the 
geographical comparison of practices on the topic. In this respect there is also the need to understand 
the motivation of this geographical concentration. Future research could deepens how the 
geographical context may affect performance in servitizing companies. Finally, comparative and multi-
countries case studies can help to understand how the context affect performance in servitization.  
Third, there is a certain number of papers attempting to provide theoretical frameworks to investigate 
the multiple facets of servitization. However, these are mainly empirical generalization from literature 
reviews and case studies, and do not involve the use of lenses of theoretical framework to interpret 
the phenomena at hand. This is the signal that approaches of research on this topic grounded on 
theoretical frameworks are required to develop research and produce findings. 
Fourth, an important lack of research emerges on this topic by management accounting scholars. This 
evidence results from two findings: (a) no articles resulted as published in (management) accounting 
journals from our research carried out according with the methodology described. The list of journals 
in table 4 covers in fact the areas of marketing, general management, strategy and operation; very 
rarely we could find accounting scholars who published on the topic in one or more of these non-
accounting journals (Laine et al. 2012; Lindholm et al. 2017); (b) as a consequence, models and 
frameworks proposed stem from the disciplinary background of non-accounting researchers.  This 
circumstance affects the extent of the current relevance of this stream of research for management 
accounting in practice, i.e. the possibility to effectively support management accountants 
practitioners operating in servitizing settings in the design, innovation and improvement of 
management accounting tools. The prevailing of engineering approach (e.g. in costing modelling of 
LCC) of marketing approach (e.g. in pricing) makes some of the solutions proposed of scarce appealing 
in the accounting perspective. 
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DIGITAL SERVITIZATION AS A KEY ENABLER FOR THE GREEN HYDROGEN ECONOMY 

Alexander Arzt, Sebastian Haugk & Heiko Gebauer 

ABSTRACT  
Purpose: Green hydrogen is a promising technology to reach net zero targets. The green hydrogen 
economy is still at a nascent stage, especially regarding the digital dimension of value creation. 
However, it can only reach its potential by leveraging digital technologies, e.g., digital platforms that 
enable the development of data-driven services based on connected systems along the hydrogen 
value chain. This vision requires companies to collaborate, to share data, and to co-create value in 
ecosystems. This paper explores the role of services and ecosystem development in the green 
hydrogen economy. 
Design/Methodology/Approach: Our research is based on both a conceptual and an empirical 
approach. First, our research relies on an analysis of available documents such as articles, company 
reports, and websites. Second, this conceptual approach is complemented by interviews.  
Findings: Our findings reveal that digital servitization is a key enabler for the green hydrogen economy 
to contribute to reaching net zero goals. We illustrate how companies increasingly leverage data for 
service development that boosts a faster scale up of green hydrogen. 
Originality/Value: First, our research contributes to investigating the role of services in new 
technological developments by applying digital servitization to the green hydrogen context. Second, 
our research fosters a process perspective of service development from improving existing services 
through connectivity to creating new services through data exchange and data analysis to value co-
creation in platform ecosystems. Third, our research contributes to understanding the role of digital 
services to reach net zero goals. 

KEYWORDS: Digital Servitization, Green Hydrogen, Business Model Innovation, Digital Platforms, 
Ecosystems, Internet of Things  

1. INTRODUCTION
Green hydrogen (hydrogen produced through regenerative energies, e.g., wind and solar power) is a
promising technology to reach net zero targets and has become a major strategic cornerstone of the
European Union to combat climate change and to comply with the 1.5 °C goal of the Paris Agreement.
The development of hydrogen technology has been highly supported through governmental funding
as the European Union strives for a leading role in the hydrogen economy worldwide. Thus, companies
have started to invest heavily into hydrogen and explore new business opportunities. The green
hydrogen economy is still at a nascent stage, especially when it comes to the digital dimension of value
creation. However, it can only reach its potential by leveraging digital technologies, e.g., digital
platforms that enable the development of data-driven services based on connected systems along the
horizontal and vertical hydrogen value chain. Such services for example allow more efficient hydrogen
production, distribution, and utilization as well as novel solutions for sector coupling. This vision
requires companies along the hydrogen value chain to collaborate, to share data, and to co-create
value in ecosystems. Ecosystems in the green hydrogen context are just evolving and involve a
collaborative process from service improvement through connectivity to service innovation through
data exchange and data analytics. Our research explores the role of services in hydrogen ecosystem
development and the way services contribute to reaching net zero goals for a carbon neutral industry.
Through concrete examples, we illustrate how companies explore data-driven services in the field of
hydrogen and increasingly incorporate a platform logic.
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2.  THEORETICAL BACKGROUND  
Our research relies on recent literature on digital servitization, business model innovation, platforms, 
and ecosystems. Digital servitization highlights the convergence of servitization and digitalization 
literature and refers to the utilization of digital technologies for advanced service offerings based on 
the transition to product-service-software systems (Kohtamäki et al., 2020; Tronvoll et al., 2020; 
Coreynen et al., 2017). In that context, digital platforms are a key element to leverage the value of 
digital and information technologies, and to facilitate value co-creation (Cusumano et al, 2019; 
Cenamor et al., 2017). IoT platforms exploit digital technologies for advanced services, as they offer 
new ways for creating and capturing value (Jovanovic et al., 2021; Cenamor et al., 2017; Rajala et al., 
2019; Wei et al., 2019). The concepts of platforms and ecosystems are strongly interrelated as 
ecosystems allow companies to incorporate resources, expertise, and innovation capacity of other 
actors, such as software developers, technology providers, other product companies and service 
specialists, to co-create value and develop new capabilities (e.g., Nambisan et al., 2019; Rong et al., 
2015). Through platform ecosystems as socio-technical systems (Kapoor et al., 2021) companies are 
able to develop solutions that address broader value propositions and more complex customer 
problems, such as guaranteeing outcomes of entire systems of assets (Gebauer et al., 2020). This 
theoretical background is applied to the green hydrogen context as research has pointed out that 
servitization provides important benefits in the renewable energies sector, e.g., in the wind-to-energy 
industry (Gebauer & Binz, 2017). 
 
3.  METHODOLOGY 
Over the last two years, we have been studying IoT platforms in the context of the green hydrogen 
economy. We applied an iterative procedure, using a conceptual-to-empirical and empirical-to-
conceptual approach. First, we conducted a literature review to conceptualize value creation in the 
energy sector with a focus on the green hydrogen context. We developed a conceptual value creation 
model for the green hydrogen economy consisting of three dimensions (horizontal, vertical, digital). 
Second, we conducted an exploratory study based on desk research and additional interviews on 150 
platform solutions in the renewable energy sector. We analyzed available documents such as articles, 
company reports, and websites to capture the status quo of how companies leverage data and 
platforms for data-driven business models, digital services, and ecosystem formation in the green 
hydrogen context. We complemented our research with information we gained from interviews with 
managers of companies active in the hydrogen context. 
 
4.  RESULTS 
4.1 Dimensions of value creation in the context of green hydrogen 
The value chain of green hydrogen encompasses three dimensions, in particular a horizontal 
dimension (value creation activities in the physical world from renewable energy production to 
utilization of green hydrogen in various application domains), a vertical dimension (value creation 
activities in the physical world from individual components to whole systems), and a digital dimension 
(value creation activities in the digital world from implementing connectivity and collecting to data-
driven services and platform-based business models) (see figure 1).  

Main value creation steps in the horizontal dimension include renewable energy generation (e.g., 
wind, solar, biomass), transmission of electricity, production, storage, and transportation of hydrogen, 
and use of hydrogen in industry, transportation, or buildings. Vertical value creation includes the 
necessary upstream components, assemblies and systems. Many key elements, such as electrolysis 
plants or fuel cells, are still in development towards production readiness and market introduction 
and should be further developed quickly to build a hydrogen-based economy. The digital dimension 
represents the digital world of a hydrogen-based economic system where digital technologies are 
leveraged to collect and analyze data  from physical value creation activities in order to create value 
in digital business models. Digital business models benefit from the increasing generation and 
availability of data as well as from rapid advances in data analysis through technologies such as 
artificial intelligence and machine learning. IoT platforms are a key enabler of connected services in 
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the green hydrogen economy. Assets along the value chain such as wind turbines, solar systems, 
energy systems, electrolysis systems and/or fuel cells are becoming steppingstones of such IoT 
platforms. These products are increasingly connected, responsive, intelligent and a vital part of larger 
systems. Companies increasingly leverage data for digital services improving product performance and 
making product users more successful.  

 

 
Figure 1: Value creation model for the green hydrogen economy 

4.2 Digital service evolution in the hydrogen context 
Based on our analysis, we propose that IoT platforms and respective services evolve in three steps: (a) 
utilizing data to improve existing services along the product life-cycle; (b) utilizing and converting data 
into digital services; (c) sharing data with innovation partners in the ecosystem to develop 
complementary digital services (see figure 2).  

 

 
Figure 2: Service evolution towards IoT platforms 

The following examples from our research illustrate how companies currently develop digital services 
and steer towards IoT platforms. Wind turbine manufacturers (e.g., Vestas, Siemens Gamesa, GE, 
Nordex) invest heavily into exchanging and analyzing data about the wind turbines together with wind 
park operators. These data trigger new digital services for increasing wind turbine performance. For 
example, Vestas has acquired Utopus Insights, a software company and energy analytics and digital 
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solutions provider. Through the acquisition, Vestas was able to integrate its huge data repository with 
data science and software development capabilities of Utopus Insights. Thus, Vestas established 
Scipher, an advanced, scalable IoT platform that leverages Artificial Intelligence and Machine Learning 
techniques for energy applications.  The platform enables Vestas to provide the following services: (1) 
asset visualization and asset performance monitoring services (Scipher.Vx) to show real-time status, 
operating performance and condition of every asset and help to identify anomalies; (2) proactive wind 
turbine performance monitoring services (Scipher.Vx+) to track asset performance in real time and 
optimize annual energy production through alert-based corrective action and improved asset 
efficiency; (3) accurate renewable energy forecasting services (Scipher.Fx) that helps asset owners, 
grid operators, and power traders to make more informed decisions and enables a more stable electric 
grid. 

Solar system providers are moving in a similar direction toward creating digital services. For 
example, SENEC, a solar solution provider, offers a digital service called SENEC.Cloud that allows solar 
energy producing households to feed in surplus electricity into the power grid while this electricity is 
credited to a cloud as a virtual account. In times when the own produced electricity is not sufficient 
(e.g., winter months), the credit can be used. Thus, this virtual credit system simplifies the balancing 
of producing and consuming green electricity between electricity providers and households and 
supports households to be electricity self-sufficient. 

Energy system providers as well utilize data to develop novel services. For example, Total Energies 
selected SIEMENS’ IoT platform MindSphere for monitoring its Natural Gas Vehicle (NGV) stations. 
While these stations are still mostly offering natural gas for vehicles, the company is currently 
developing numerous hydrogen projects to prepare the market for wider hydrogen mobility adoption. 
Alternative hydrogen fuel products increase operational complexity for refueling equipment at the 
stations. This makes a precise monitoring and forecasting of the stations necessary. Therefore, while 
the company commits to grow its number of stations from 50 to 450 until 2025, the MindSphere 
platform enhances the station supervision through connecting the stations, gathering, exchanging, 
and analyzing data. In this way, based on data, the total cost of ownership of the stations will be 
considerably reduced. 

Electrolysis system providers (e.g., Enapter, Iberdrola, Nell, Sunfire) benefit from the strong 
investments into hydrogen and focus on satisfying the increasing demands for hydrogen projects. 
Most of the companies are still in an early stage of connecting electrolyzers to make them smart and 
responsive. However, the electrolysis system provider Enapter established an energy management 
system as a step toward an IoT platform. The energy management system connects any device for 
generating, storing, and transmitting energy into a unified energy network via simple software 
integration. As a result, energy generation, storage and transmission become more predictable. The 
company provides the following digital services: (1) monitoring, controlling and automatically 
balancing energy generation and consumption; (2) remotely controlling and managing hydrogen 
production and storage to ensure efficient use of available energy resources and reliable power 
supply; (3) acquiring, harmonizing and receiving telemetry data from heterogeneous components 
across dispersed energy production and storage facilities to enhance the control loop and substantiate 
management solutions; (3) planning, developing and improving operation objectives to ensure 
optimal equipment performance, yield desired business results and achieve sustainable energy goals. 
While electrolysis system providers are mostly using data to improve services along the system 
lifecycle, there are still only a few initiatives to augment the systems through digital services. 

Fuel cells are the dominant hydrogen application for mobility and heating systems. Such systems 
are increasingly connected, responsive, and intelligent. Thus, vehicle, train, and/or heating system 
providers head toward IoT platforms relatively independently of whether their systems use fuel cells 
or alternative solutions. For example, Alstom’s Coradia iLint, a passenger train powered by a 
hydrogen fuel cell, benefits from digital services for improving train operation: (1) digital passenger 
solutions for optimizing real-time train occupancy and for smoother passenger flow on rail platforms; 
(2) connectivity-based fleet management solutions for quick and efficient access to real-time train 
data for diagnosing and improving performance of the trains and their components. 
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Heating system providers are challenged to make their systems hydrogen-ready. They are also in 
the process of using data for digital services. For example, Viessmann’s heating systems are connected 
to improve their responsiveness and to enable intelligent control. They act as an anchor for Wibutler, 
an IoT platform and ecosystem around smart living. Thus, Viessmann offers several digital services 
through the platform: (1) ViCare for an intuitive operation and adjustment of the heating system; (2) 
VitoFloor for saving energy for underfloor heating automatically. With the platform, Viessmann moves 
beyond simply utilizing data for own digital services toward sharing data with innovation partners in 
the ecosystem to develop new complementary (digital) services. 
 
4.3 From a “sell & forget” logic to an “own & perform” logic 
Our research reveals that companies are increasingly moving from a “sell & forget” logic to a “sell & 
support” logic to a “sell & optimize” logic to finally an “own & perform” logic (see figure 3). That means 
companies are departing from solely selling equipment, such as wind turbines, electrolyzers, or 
heating systems, and providing classic services, such as installation and integration. This “sell & forget” 
logic implies that the customer relationship and revenue stream practically ends when the company 
delivers its product. Instead, companies foster a “sell & support” logic or a “sell & optimize” logic 
where companies implement service offerings that support customers in their business by offering 
monitoring, repair and maintenance services, or even data-driven product/process optimization in 
form of applications and updates. Such service offerings take away some of the operational risks from 
customers, increase the value for customers, and enhance the relationship with the customer, leading 
to more (data-driven) insights into customer processes and problems. From this step, companies then 
can progress even further in the direction of an “own and perform” logic, where they increasingly 
manage customer processes and take away some of the business risks from customers by offering a 
thorough solution based on product-service-software systems that they own and monetize via 
performance- and outcome-based as-a-service models. Figure 3 illustrates the different logics in 
context of electrolysis. 
 

 
Figure 3: Value stack in the electrolysis context 

As-a-service approaches with performance- and outcome-based monetization are expected to reduce 
investment barriers and further promote collaboration in IoT platform based ecosystems. This 
involves the following visions: In the context of wind turbines, wind park operators pay for the wind 
energy produced and do not purchase wind turbines. In the context of solar systems, households pay 
for the solar energy produced and do not purchase solar systems. In the context of energy systems, 
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energy consumers pay for improving energy consumptions and not for the energy systems. In the 
context of electrolysis systems, electrolysis operators pay for the hydrogen produced rather than 
purchasing the electrolysis systems. In the context of fuel cell systems, customers pay for the 
kilometers the hydrogen vehicles and/or trains are running or the heating provided and not for the 
actual fuel cells. These as-a-service approaches will support the green hydrogen market to gain 
momentum and contribute to achieving the net zero targets.  
 
4.4 Collaboration and ecosystem orchestration 
In order to move towards digital services, IoT platforms and as-a-service models firms are required to 
collaborate and orchestrate ecosystems. Our research shows that there is an increasing number of 
initiatives of firms collaborating with partners and integrating their capabilities in the context of green 
hydrogen. Such initiatives are expected to accelerate projects in the green hydrogen economy. For 
example, ABB, Worley, and IBM collaborate as an ecosystem of industry leaders to build, operate and 
manage green hydrogen facilities more quickly, cheaply, safely, and efficiently with digitally enabled 
solutions that leverage their combined expertise to turn net-zero solutions into reality. Worley will 
provide engineering, procurement, and construction expertise. ABB will provide offerings for electrical 
infrastructure, automation, operations digitalization and optimization, and energy management. IBM 
will provide systems integration services, as well as data framework and management solutions (IBM, 
2022). Another example is the Hyzon Zero Carbon Alliance with members from across the hydrogen 
value chain and supporting sectors, such as Ark Energy, AXA, Bank of America, Hiringa Energy, Modern 
Group, NEOM, Raven SR, ReCarbon, Total, and Hyzon. The alliance aims to create hydrogen 
ecosystems in parallel with vehicle deployments by driving the development of hydrogen mobility 
supply chains globally. One of the goals is offering mobility as a service to hydrogen transport 
customers (Hyzon Alliance, 2021). Recently, many other company collaborations have been 
announced, for example between Andritz Hydro and MAN in the context of hydrogen production 
(Andritz, 2021), between Uniper and Salzgitter AG in the context of hydrogen supply (Uniper, 2022), 
or between Acciona and Plug Power in the context of storage, transportation, and delivery services in 
the industrial and the mobility business segments (Acciona, 2021). 

 
5. DISCUSSION 
Our findings reveal that digital servitization is a key enabler for the green hydrogen economy to 
contribute to reaching net zero goals. From an evolutionary perspective, firms first increase the 
connectivity of their products to improve existing services by utilizing data. As a next step firms 
leverage increasing data availability to develop new digital service offerings. Finally, firms share data 
with innovation partners in the ecosystem to enable complementary (digital) services. In the context 
of our value creation model for the green hydrogen economy,  firms start by collecting, sharing, and 
analyzing data along the hydrogen value chain (energy production, grid operation, hydrogen 
production, hydrogen distribution, hydrogen consumption) and gradually develop more complex 
data-driven services. Our findings suggest, that service development in the green hydrogen context is 
still at an early stage, where companies are exploring and evolving their role in the market. An 
important aspect is the mutual learning process together with customers and ecosystem partners 
involved in service development. 

Prospectively, IoT platforms and ecosystem collaboration enable connecting and integrating various 
parts of the value chain in overarching solutions. Such solutions can improve coordination and 
operational performance along the value chain (sector coupling) and have the biggest potential to 
increase overall efficiency in the green hydrogen economy. For example, sharing platforms for 
hydrogen production capacities are a promising vision facilitated by data exchange between 
producers of renewable energies, grid operators (electricity surplus), operators of electrolysis systems 
(hydrogen production capacity) and hydrogen providers (hydrogen demand). Through the platform, 
surplus electricity can be efficiently stored in form of hydrogen and at times when less electricity is 
available than needed, the stored hydrogen can be fed back into the energy system. Such a platform 
creates value for operators of electrolysis systems by enabling them to cost-efficiently cover hydrogen 
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demand peaks and to flexibly adapt hydrogen production to hydrogen demand and surplus electricity. 
For producers of renewable energies, the platform offers flexibility of power generation, so that plants 
no longer need to be downregulated, and facilitates easy location of available hydrogen production 
capacities. 

Overall, our findings demonstrate how services substantially contribute to developing hydrogen 
technology to achieve market readiness and maturity as well as a faster scale up of green hydrogen. 
Digital services are both a prerequisite and a vehicle for the development of the green hydrogen 
economy and respective ecosystems. On the one hand, more advanced services require capabilities 
beyond firm boundaries. Thus, service development is strongly connected to firm interaction and 
resource integration based on IoT platforms. On the other hand, through the implementation of digital 
services, companies collect valuable data about customer usage and processes. These data can be 
utilized to develop more complex services, involving even more ecosystem partners for value co-
creation. As a result of service progression, value propositions can evolve toward improved hydrogen 
asset availability, performance, energy efficiency, and as-a-service models following an “own & 
perform” logic. Furthermore, service deployment facilitates a mutual learning process leading to 
faster progression of hydrogen products, services, technologies, and associated processes. 
Ecosystems propose value through resource and capability integration, better coordination and 
additional revenue opportunities through complementary (digital) services. The success of the green 
hydrogen economy in achieving net zero targets, therefore, will depend on the progression of 
hydrogen ecosystems and respective services. 

6. CONTRIBUTIONS
First, our research contributes to understanding the role of services in new technological
developments by applying digital servitization to the green hydrogen context. Our findings suggest
that service development is required as a prerequisite for hydrogen technologies to unfold and reach
market maturity. Second, our research fosters a process perspective that involves different phases of
service development from connectivity to data exchange to value co-creation in platform ecosystems
along the green hydrogen value chain. Third, our research contributes to understanding the role of
digital services to reach net zero goals.
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HOW DOES MANUFACTURING STRATEGY CONTRIBUTE TO SERVITIZATION? 

THE MODERATING EFFECT OF FIRM SIZE 
 

 

Davide Gamba, Tommaso Minola, Matteo Kalchschmidt 
 
 

ABSTRACT 
Purpose. This study theoretically articulates and empirically validates a model of relationships 
between manufacturing strategy (both exploitative and explorative manufacturing strategies), 
servitization orientation, and service performance. In addition, we tested the moderating effect 
of firm size on the relationship between manufacturing strategy and service orientation. 
Design/Methodology/Approach. The model was developed and tested through partial least 
square structural equation modeling (PLS-SEM) based on the Sixth International Manufacturing 
Strategy Survey (IMSS-VI). The mediation effect was tested according to Baron and Kenny's 
approach. 
Findings. The results indicate that firm size moderates the relationship between manufacturing 
strategy and service orientation for exploitative firms. On the other hand, a direct positive 
relationship exists between explorative and ambidextrous manufacturing strategies and 
servitization orientation. In addition, a positive direct effect exists between servitization 
orientation and service performance. 
Originality/Value. This research is one of the first studies that examine how different 
manufacturing strategies influence servitization orientation and performance according to firm 
size. 

 
 

KEYWORDS: manufacturing strategy, servitization, SMEs, IMSS 
 

1. INTRODUCTION 
The fourth industrial revolution that dominates manufacturers' innovation opportunities 
includes the concept of servitization (Thoben et al. 2017), leading an increasing number of 
product-centric firms to shift their business model from products to solutions (Adrodegari and 
Saccani 2020). Transitioning to a servitized business model requires an organizational-level 
orientation to design and deliver services jointly with the product offerings (Shah et al. 2020). 
Additionally, servitization necessitates new capabilities (Oliva and Kallenberg 2003) to generate 
satisfying service performance (Tian et al. 2012). 

In this scenario, product-centric firms need clear manufacturing strategies to effectively plan 
decisions for achieving their long-range objectives (Dohale et al., 2020). Some firms prefer more 
exploitative manufacturing strategies, which implicate better products than competitors, while 
others choose a more explorative strategy through newer products (Chaudhuri and Boer 2016). 

Managers must allocate available resources to develop prioritized competitive capabilities to win 
orders in the market (Netland and Frick 2017). In this sense, small and medium enterprises 

(SMEs) lack internal resources compared to large companies (Kowalkowski et al. 2013). Thus, 
prioritizing competitive capabilities is crucial for SMEs to ensure satisfying service performance. 

However, a lack of studies has been pointed out on the relationship between firms' 
manufacturing strategy and servitization and the differences between SMEs and large 

manufacturers. 

 
1. THEORETICAL BACKGROUND AND HYPOTHESES 

Servitization refers to a simultaneous coexistence and interdependent relationship between 
manufacturing and service strategies (Viljakainen and Toivonen 2014). On the first hand, a firm's 
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manufacturing strategy – the starting point of the servitization transition – can be based on 
exploring new competencies and exploiting existing ones. Exploitation is an approach toward 
incremental innovation and short-term performance, while exploration is associated with 
radical innovation and long-term success. The ability to pursue exploration and exploitation is 
called ambidexterity (Wang and Rafiq 2014). On the other hand, a firm's tendency and capacity 
building to carry out the design and delivery of the services it aspires to offer alongside its 
product provides is called servitization orientation (Chen et al. 2009). The latter could be 
analyzed at both individual and organizational levels. Because of its greater breadth, scholars 
and executive managers and this research study are more interested in service orientation at 
the organizational level depicted in strategic actions (Hong et al. 2014; Shah et al. 2020). These 
arguments lead to our first hypothesis. 

Hypothesis 1. The firm's manufacturing strategy's importance positively impacts the firm's 
servitization orientation. In particular, we expect a greater impact of ambidextrous 
manufacturing strategy on servitization orientation. 

Notwithstanding costs and paradoxes associated with service investments (Gebauer et al. 
2005), profitability and production performances generally benefit from servitization business 
model transition (Crozet & Milet 2017; Ha et al. 2016), which usually generates more stable 
margins and competitive market advantage compared to pure product strategy. Thus: 

Hypothesis 2. The firm's service orientation positively affects the firm's service performance. 

Servitization seems far to be extensively applied by firms, especially by small and medium 
enterprises (SMEs) (Adrodegari & Saccani 2018), which represent 99.8 % of all non-financial 
businesses in the EU-27, providing 65% of total EU-27 non-financial companies (European 
Commission 2021). SMEs have more simple organizational and less hierarchical structures than 
large firms. SMEs lack – or at least are restricted in access to – internal financial and managerial 
resources, capabilities, and experience (Kowalkowski et al. 2013). In addition, they are more 
vulnerable to competition (Rapaccini et al. 2019) because of their significant presence in the 
industry as suppliers of original equipment manufacturers (OEMs) in concentrated demand 
marketplaces. Last, they are subject to reduced economies of scale (Bonfanti et al., 2018), and 
they have limited access to their installed base (Gebauer et al. 2010) because of distributors, 
installers, and resellers' usage. Thus: 

Hypothesis 3. Firm size moderates the relationship between the firm's manufacturing strategy 
and the firm's service orientation. As firm size increases, the positive relationship between the 
firm's manufacturing strategy and the firm's service orientation is augmented. 

Last, to analyze the overall model built on which has been defined above, we describe the 
following last two hypotheses: 

Hypothesis 4. The firm's service orientation mediates the relationship between manufacturing 
strategy importance and the firm's service performance. We expect a greater impact of 
ambidextrous manufacturing strategy on service orientation, which leads to an increase in 
service performance. 

Hypothesis 5. The firm's service orientation mediates the moderating effect of firm size on 
the relationship between manufacturing strategy importance and service performance. As firm 
size increases, the positive impact of manufacturing strategy on service performance is 
augmented, mediated by service orientation. 
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Figure 1 – Graphical representation of the theoretical model. Note: dashed lines represent 
mediation paths. 

 
2. METHODS 

Hypotheses have been tested on data from IMSS-VI (IMSS, 2015). IMSS includes 931 valid 

answers from a representative sample of manufacturers worldwide. 

The model included four constructs (Table 1): manufacturing strategy, servitization 

orientation, service performance, and firm size. Except for firm size, each construct's item is 

assessed on a five-point Likert scale from 1 (much lower) to 5 (much higher). 

 
Table 1 – Constructs measurement 

 
Construct Source Item from IMSS-VI Focus 

 
 

Manufacturing 

strategy 

Exploitative strategy 

(Chaudhuri and Boer 2016) 

Better product design quality 
Importance in 

the last three 

years, 1-5 Likert 

scale 

Better conformance to customer 

specifications 

Explorative strategy 

(Chaudhuri and Boer 2016) 

Offer new products more frequently 

Offer products that are more innovative. 

 
 

 
Servitization 

orientation 

 
 
 

 
Shah et al., 2020 

Expanding the service offering to your 

customers (e.g., by investing in new 

service development) 

 
 
 

Current level of 

implementation 

, 1-5 Likert scale 

Developing the skills needed to improve 

the service offering 

Designing products so that the after- 

sales service is easier to manage/offer 

(e.g., design for maintenance) 

 
Service 

performance 

 

Szász and Seer 2018 

Product assistance/support Increase/decrea 

se compared to 

three years ago, 

1-5 Likert scale 

Customer service quality (e.g., training, 

information, helpdesk) 

 
Size 

 
- 

Dummy variable based on firm business 

unit size: 0 if < 249 employees; 1 if ≥ 250 

employees 

Last year, # of 

employees 

 
Missing values for each item selected do not exceed 5%. Hence, they were substituted using 

the mean value replacement (Hair et al. 2021). The missing values of an item are replaced with 

the mean of valid values of that item. 

 

 
SERVICE PERFORMANCE 
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We preliminary validate each construct's internal consistency through Cronbach's alpha. The 

constructs' values were generated through CFA – Confirmatory Factor Analysis (Brown 2014). 

The manufacturing strategy construct was developed as a categorical variable starting from the 

values retrieved from CFA for manufacturing exploitative and exploratory strategies. By 

comparing both values against the related means, we place each responding firm among four 

classes: steady, exploitative, explorative, and ambidextrous. 

 

 

Figure 2 – Manufacturing strategy matrix 
 

The hypotheses were tested through partial least square structural equation modeling (PLS- 
SEM). Test for mediation is based on Baron and Kenny's approach. According to previous 
relevant literature, three control variables were identified (Table 2): country GDP, firm's region, 
and firm's industry. 

 
Table 2 – Control variables 

 
Control variable Source Description 

Country GDP Sousa and da Silveira 2018 Log of country GDP of 2013 

Region Shah et al. 2020 Three dummy variables to define four geographical areas: 

EMEA, North America, APAC, and LATAM. 

Industry Sousa and da Silveira 2018 Five dummy variables to define from ISIC sectors from 25 to 

30. 

 

3. Results 
The models were developed and implemented in Stata 17. We identified a base case for 
manufacturing strategy (steady case) and its interaction with firms size (i.e., moderation effect, 
small and medium enterprise case). 

The first three hypotheses were tested using PLS-SEM. Support for H1 and H2 appeared to be 
strong. On the first hand, servitization orientation is positively impacted by manufacturing 
strategy in a statistically significant way, increasing from exploitation to exploration and 
ambidextrous strategy. On the other hand, the moderation effect of firm size is positive and 
statistically significant when interacting with the exploitation manufacturing strategy. 

Last, service performance is positively impacted by service orientation. 
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Table 3 – Results for H1, H2, and H3 
 

Variables H1 H2 H3 

Dependent variable 
Servitization 

orientation 

Servitization 

orientation 

Service 

Performance 

Manufacturing strategy - Steady Base case Base case - 

Manufacturing strategy - Exploitator 0.18 ** - 0.06 - 

Manufacturing strategy - Explorator 0.63 *** 0.65 *** - 

Manufacturing strategy - Ambidexterous 0.72 *** 0.77 *** - 

Size: small medium-size firm Base case Base case - 

Size: Exploitator large firms - - 0.01 - 

Size: Explorator large firms - 0.42 *** - 

Size: Ambidextrous large firms - -0.05 - 

Service orientation - - 0.62 *** 

Country GDP - 0.09 ** - 0.1 ** - 0.03 

Region - EMEA Base case Base case Base case 

Region - North America 0.19 0.19 0.02 

Region - APAC 0.66 *** 0.66 ** 0.08 

Region - LATAM - 0.33 ** - 0.32 * 0.07 

Industry 25 Base case Base case Base case 

Industry 26 0.05 0.04 0.06 

Industry 27 0.15 * 0.14 - 0.11 

Industry 28 0.21 *** 0.20 *** 0.04 

Industry 29 0.09 0.08 0.04 

Industry 30 0.12 0.12 0.05 

Constant - 0.75 *** - 0.73 *** - 0.04 

*** p<0.01, ** p<0.05, * p<0.1 
 

As already mentioned, the test for mediation is based on Baron and Kenny (1986). Four conditions 
have to be matched to support a mediation effect: 

1. the independent variable impacts the dependent variable; 

2. the independent variable impacts the mediator; 

3. the mediator impacts the dependent variable; and 

4. when the mediator is added, the impact of the independent variable on the dependent variable 

becomes weaker. 

According to the four-step process abovementioned, H4 identified a significant mediation 
effect of servitization orientation only for two manufacturing strategies, namely exploration and 
ambidexterity. Last, H5 confirmed H4 results for the moderating effect of firm size on the 
mediator. 

 

4. Conclusion 
This research is one of the first studies that examine how different manufacturing strategies 
influence servitization orientation and performance according to firm size. The latter plays an 
important role for companies that decide to attempt exploitation. Results show that SMEs will 
not achieve a satisifying level of servitization orientation in exploitative manufacturing strategy. 
On the other hand, servitization orientation is not influenced by the interaction of firm size in 
the case of explorative and ambidextrous strategies. This result suggests that SMEs have to pay 
attention to investments in servitization in case they pursue a pure manufacturing exploitation 
strategy. Keeping in mind SMEs' lack of resources, exploitation strategy is often associated with 
high volumes of production that imply high effort and resources for service activities. These 
results are also implicitly valid for service performance. 
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RESEARCH MOTIVATION 

Manufacturing companies are transforming themselves to address the evolving needs of the customer, 

market and focusing on the social, economic, and environmental factors impacting the business. 

Companies are integrating Sustainability related goals as part of their business goals to re-brand 

themselves, achieve competitive advantage, for long term viability and success as well as to respond 

to the regulatory constraints and compliances. Companies had started adopting sustainable practices 

since the 1970’s. Over the years the adoption has accelerated and now most companies are planning 

to promote a sustainable circular economy. Few of the key legislations by EU, USA, China aligning to 

United Nations Sustainability Development Goals includes Green Deal, Clean Energy, Industrial 

Strategy, Carbon Border Tax. 

To achieve these goals, companies are taking initiatives towards innovating at scale across their 

products, process, and services, orchestrating or participating in an ecosystem-based models by 

collaborating with cross-industry players for creating purpose-led value for customers and by adopting 

digital technologies to make them Intelligent and Resilient. Through these initiatives, companies have 

started realizing the need for newer business models, latest technologies and have identified the need 

for creating the visibility of the product throughout its lifecycle.  

Service Business models, commonly referred to as “Products-as-a-Service” model is on the rise and 

many companies are working towards enabling this to offer the value of the product to their 

customers. By doing so, companies are realizing the value such as improved efficiency/uptime, reduced 

wastage, increase in lifetime of the product and customer connect. These business models are helping 

companies gain visibility and control the products throughout its life cycle and helping them adhere to 

growth and sustainability goals. 

This paper focuses on identifying answers for, 

RQ1: What are the Key sustainability Goals of the Manufacturing companies? 

RQ2: What are the different Service Business Model across various industries and how it is impacting 

the Sustainability Goals? 

CONTRIBUTION TO THEORY AND PRACTICE 

Majority of the companies have defined their journey towards Net Zero & are aiming to achieve it 

between 2030-2050 and few companies by 2025. Through latest technologies and newer business 

models, the companies are taking initiatives such as generating electricity from renewable resources, 

climate neutral products, purpose-led products & solutions, sustainable infrastructure, promoting 

recycling and remanufacturing materials & products, sustainable mobility solutions, investing in 

carbon offset to adhere to the sustainability goals. 
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Below are few examples of Service Business models from the industry,  

• An Aviation company is offering High value products as smart assets in a lease or subscription
model for real-time maintenance by the companies for efficiency and uptime. The key strategy
behind this initiative is to enable sustainability across the value chain

• Automobile companies are moving towards fuels based on renewable energy sources or
electrification. The vehicle is maintained by the OEMs for efficiency and reduce emission and
wastage in a Subscription model.

• Energy-as-a-Service, cooling/heating as a service is on the rise and companies are offering this
to reduce energy wastage and carbon emission

• A Smart infrastructure provider has enabled Digital marketplace to monitor & handle idle
assets and make decision to effectively utilise them and in enabling carbon credits, energy
savings and closed loop operations

• Few companies in Process, Chemical industries, farming solutions are offering Smart and
Sustainable farming solutions for the farmers through Digital Marketplace

Service business models enable the companies to realize additional revenue from the product through 

additional services offered to the customers. Key benefits of Service Business Model include improving 

the efficiency of the product in real-time, reducing or minimizing downtime, increasing the asset 

lifetime, reducing wastage, and enabled visibility of the product throughout its lifecycle.  

KEY DISCUSSION POINTS 

• Key Growth and Sustainability Goals –Sustainable Operations & solutions, Carbon Neutrality,
Safety & wellbeing of employees and customers, Reduction in Greenhouse Gas emission,
Circular economy for renewable energy utilization and waste management

• Rise in Digital transformation, Purpose-led business leading to development of newer business
models, Service Business Models

• New service opportunities, Additional Revenue streams, Data Monetization and Adherence to
circularity principles

• Ecosystem based model, “pay-per-use,” subscription and outcome-based model
• Impact on Service Business model on the Net Zero journey
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RESEARCH MOTIVATION 

This study focuses on multi-purpose professional service robots (MUROs) that can navigate 

autonomously in their working environment performing more than one task e.g. material handling, 

security surveillance, cleaning and guidance. The idea is that the service robots are in shared use 

among different companies and customers in the same operational environment. The motivation 

behind the idea lies in gaining higher utilization rate for the service robots and making the sales and 

use of the robots more profitable and cost-efficient for all actors involved. The purpose of the research 

is to study the service innovation related to the multi-purpose professional service robot enabled 

solutions from a networked perspective focusing on the companies offering the robotic solutions 

together as a network (MURO consortium) and the customers of these solutions. In particular, the 

study identifies the opportunities and challenges the value network can face when innovating multi-

purpose service robot enabled solutions in the industrial setting.   

The research approach used is an empirical multiple case study. The empirical data includes 13 

interviews conducted in seven robotics, software and service companies and three common company 

workshops where these company representatives attended. The companies all share the same interest 

of innovating multi-purpose service robot enabled solutions. The future target is to offer multi-purpose 

service robot enabled solutions as a value network for the customers with one-stop-shop principle 

(murorobotics.fi). 

CONTRIBUTION TO THEORY AND PRACTICE 

The majority of empirical research on service robotics so far has been done from the engineering and 

computer science perspectives and the service perspective is yet under investigated. The paper 

contributes to the service innovation and servitization literatures, and more specifically the stream 

discussing service robot enabled solutions. The study brings value through combining professional 

service robotics, service innovation and service business models. Multi-purpose service robot enabled 

solutions serve many different business-to-business customer groups and involve several service 

providers and different service robots.  
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In addition to the academic need to increase understanding on the multidimensional topic, this study 
provides also beneficial managerial insights. A commonly defined and documented list of the possible 
opportunities and challenges facilitate the creation of a shared view of the common business model 
when innovating and offering multi-purpose service robot enabled solutions to the customers together 
as a network.  

As a conclusion we listed the possible opportunities and challenges related to the service innovation 

through multi-purpose service robot solutions from the perspective of MURO consortium and the 

customers of these solutions. The main opportunities found in the research are resulting from the fact 

that the MURO consortium has a wide range of robotics, technology and business understanding that 

enables the consortium to offer a MURO total solution for the customers. From the customer 

perspective, this means getting access to robots and new technologies with lower and more 

predictable costs. The opportunities result as a win-win situation for both network actors in terms of 

new business opportunities and growth possibilities. The main challenges from the perspectives of 

MURO consortium and customers are related to the possibility that despite the good will and vision 

the sacrifices (e.g. time, money and other resources) may remain or are feared to be greater than the 

benefits. From MURO consortium´s perspective the biggest challenges are finding the right company 

to act as an MURO operator that is responsible of selling the MURO total solution for the customers 

and finding enough paying customers for the large MURO fleets. From the customer perspective, clear 

communication of the value of the MURO total solution and positive service experience are pivotal. 

The customers are used to buying service robots as equipment and they remain doing business as usual 

unless they are motivated and sure that it should be changed.  

KEY DISCUSSION POINTS 

• The main opportunities from MURO consortium´s perspective are creating a new business model and
selling the MURO total solution to the right customers, which results e.g. as new business
opportunities, growth possibilities and changes the entire business logic in service robotic business.

• From the customer perspective, the main opportunities are getting access to robots and new
technologies easily, trustworthy and with lower and more predictable costs.

• The main challenges from MURO consortium´s perspective are finding the right company to act as an
MURO operator that is responsible of selling the MURO total solution and reaching the right customers
and operational environments for large MURO fleets.

• From the customer perspective, the main challenge is related to the communication regarding the
benefits and value from the MURO total solution. The MURO consortium should succeed in changing
the mind-set of the customers so that they want to take part in changing the business logic in service
robotic business.
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RESEARCH MOTIVATION 

Service robotics has gained increasing attention within the business world as well as in the academia 

during the past years. Although service robotics business is currently growing fast, the business field is 

still very fragmented and only a few companies succeed in gaining significant growth. Service robot 

companies foremost operate with the product business logic. Although companies have presented 

Robots-as-a-Service business model a long time ago, it merely means leasing and has not resulted in 

significant competitive advantage. In addition, business customers face challenges in selecting robot 

suppliers from thousands of start-ups and SMEs around the world. 

There is a need to change the business logic and value network in service robotic business. It is necessary 

to find new ways to make procurement and use of service robots easier for the business customers as 

well as to increase competitiveness of the service robot companies. Servitisation and service-oriented 

business model are keys to gain competitive advantage in the service robotics. Thus, the purpose of this 

paper is to introduce a new potential operator business model for service robotics. This paper proposes a 

new operator role in service robotic value networks and outlines requirements for and responsibilities of 

such firm. 

CONTRIBUTION TO THEORY AND PRACTICE 

Professional service robots perform tasks in e.g. intra-logistics, professional cleaning, inspection, 

surveillance and maintenance. In the future, there will be service robotic operators, which sell a variety 

of robot-enabled services for companies operating in real estates and industrial sites. Business customers 

buy the above-mentioned robot-enabled services, as they always have. However, instead of investing in 

robots, business customers make service agreements with the operator company. Business customers 

pay for services as they are used to, but robots perform part of the tasks instead of humans or together 
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with humans in the service delivery. Customers avoid investing in expensive robots and they can flexibly 

purchase services they need at different times. Thus, the operator business model offers an easy, reliable 

and affordable way to use service robots in an increasing manner. 

The operator model is not in use, yet, but we propose that it will be a model that will radically change 

service robotic business as well as the way business customers will utilize robots in their operations in the 

future. The operator company can be e.g. a large, globally operating company, which already offers 

various business services to a wide customer base. The operator can operate e.g. in IT, 

telecommunications, or real-estate maintenance. For instance, some large real estate maintenance 

companies offer professional cleaning, security surveillance, building maintenance and customer services. 

In the new model, they also have robots performing those services and they can expand their service 

offerings with new robots. 

The operator company offers customized total service solutions with a one-stop shop principle for various 

business customers operating in the same building or industrial site. This sort of operator company would 

already have resources and capabilities needed. They have sales and marketing organization and 

operations, service suppliers on-site, customer support, and IT systems. In addition to large players that 

can take a role of an operator, it will also be possible that a service robotic or software start-up would 

build new business with the operator model. It would require significant amount of capital, though, but 

many start-ups are raising a lot of funding nowadays. 

At the core of the operator model is managing the network of various service robot, technical support 

and service providers, and being responsible for the outcome for the customers. This kind of new business 

model would change the value network and earning logic among the actors. Service robot companies 

could concentrate on their core competences: R&D, manufacturing and software development. They 

would save in their sales efforts, when operators represent new sales channels for them. Technical 

support could be offered by the service robot companies themselves or by some other actors. 

The paper contributes to the service business management literature, and more specifically the stream 
discussing robot-enabled services. The paper’s novelty value derives from applying servitisation 
perspective in service robotic business, which predominantly operates with a product business logic. 

KEY DISCUSSION POINTS 

• Operator business model will significantly boost service robotic business and facilitate robot
utilization from the business customers’ point of view.

• Operator offers robot-enabled professional services for several various business customers
operating in the same real estate or factory site.

• Operator is responsible for sales, marketing, customer relationship management, total service
solution integration and network orchestration including several robots and service providers.
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RESEARCH MOTIVATION 

Developing business with constantly growing data, automatization and service robotics raise growing 

interest in business world as well as in the academia. Alongside the fast development of digital 

technologies as well as companies’ transition from traditional, product-centred business to service-

centred business, the data-based solutions are becoming more and more complex, such as services 

related to multi-purpose service robots. In addition, they include different kinds of services and several 

actors in the value network. These complex data-based solutions are also complex to sell or buy and 

require new approaches to sales. The purpose of this paper is to develop a future-oriented framework 

for selling robot enabled services in business-to-business (b-to-b) value network. 

We studied the business-to-business sales perspectives for future service robotics by employing a 
qualitative case study approach. The empirical data included 13 semi-structured interviews in seven 
robotics, software, and service companies and three common company workshops involving the 
companies during Autumn 2021. The case companies all operate in b-to-b markets. They were selected 
because they are actively developing and taking into use complex data-based solutions, such as 
services and solutions enabled by service robots.  
 

CONTRIBUTION TO THEORY AND PRACTICE 
 
The sales of professional service robots is continuously growing, at annual rates of greater than 20%. 
The service robotics have been studied from several perspectives e.g., technical, usability, customer 
interaction, and service perspectives. However, sales perspective remains scarce. Understanding value 
and selling value are two of the primary components related to selling complex data-based solutions, 
such as multi-purpose robot-enabled services. This paper contributes to the service robotics, 
servitisation, and b-to-b sales literature by developing a framework for selling robot enabled services. 
 
When looking at the future technological developments, there is a lot of potential in service robots 
that are used in multiple purposes instead of single purpose, having operator offering multi-purpose 
robot fleets and commercial platform, and robot manufactures joining their development forces. 
These kinds of developments are disruptive from their business and technological perspective and may 
create totally new types of markets. However, based on our findings, selling above-mentioned 
disruptive services is challenging.   
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Figure 1. Future-oriented framework for selling robot enabled services in b-to-b value network. 

Based on our findings, the level of required knowledge on service robotics and on the customer is 
depending on the level of complexity of the service robotic offering & fleet, and the ecosystem 
included.  The seller needs to understand the customer’s business either from process, operational 
environment, or business level as well as the service robotics solution itself (Figure 1).  Simple service 
robotic sales is selling products (robots) as transactions by a salesperson, as the purchase is not very 
risky for the customer. Moderate version is the customized robot fleet sales i.e., selling a fleet of 
different robots for many companies in the same building. This can be done with a sales team, which 
includes salespersons and technical support from different companies involved, as the selling is 
consultative by the nature and the buyers are middle management representatives in the customer 
company. A sales ecosystem is needed when an operator sells robot enabled services for companies 
and consumers to different environments. The sales ecosystem involves operator, robotic companies, 
telecom & IT operators, and other case-specific actors as the purchase is extremely risky and a strategic 
decision for the customer. It requires plenty of sales work, training and teaching as the market is still 
evolving. Selling this kind of a total service solution is value-based selling, whereas the value for the 
customer may differ. 

KEY DISCUSSION POINTS 

• When selling complex data-based solutions, such as robot enabled services, the value creation
principles and the market behaviour are challenging to tackle.

• It is challenging to identify, how to sell and communicate different types of robot-enabled
services to different customers. For example, payment types, data privacy and communicating
value for different customers/actors/persons were mentioned difficult.

• There is a strategic transformation in sales, when selling complex data-based solutions, and it is
not focusing only the sales function. This will affect the sales strategies in the future.
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RESEARCH MOTIVATION 

Adopting Servitization is an effective strategy for companies for creating competitive advantages. 

Studies reveal growth in the market of servitized offerings whereby higher margins can be achieved in 

comparison to the sales of the technical product. However, the implementation is complex and can 

even end in a so-called Servitization Failure. That means that the company does not achieve the 

expected profits. The reasons for this lie in the manifold challenges and barriers during the Servitization 

process. For a successful Servitization, solely adding services to the existing products is not enough. 

Instead, each company must find its unique way to a successful Servitization by making disruptive 

changes in the goals of the company, as well as the organization itself. Looking at German companies, 

the trend towards Servitization is also noticeable. Some companies in certain industries already have 

very advanced service offerings, while others are still in the early stages. This study aims to shed more 

light on this circumstance by exploring the Servitization path of different German companies. In doing 

so, this study also investigates, whether there are any special factors influencing Servitization 

originating from regional circumstances. 

To describe and understand the Servitization process the ‘Advanced Services Transformation 

Roadmap’ from ‘The Advanced Services Group’ (Aston Business School) was used. The model divides 

the Servitization process into four phases: exploration, engagement, expansion, and exploitation. In 

addition, internal and external factors accelerating or slowing the process such as organization, 

technology, market, and value network-centric forces are considered. Thus, the model allows to record 

and reconstruct the Servitization paths of companies. Based on the model, semi-structured interviews 

were conducted with four different companies from Germany. These companies were chosen to have 

a good overview of different sectors and industries. 

Table 1 - Interviewed Companies 

Company Industry Interviewee Duration 

Alpha Compressed Air Branch Manager 1,5 h 
Beta Compressed Air Global Product Manager 1 h 
Gamma Maintenance and Monitoring Service Provider Head of national subsidiary 1,5 h 
Delta Automotive Strategic Project Manager 2 h 
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CONTRIBUTION TO THEORY AND PRACTICE 

The comparison of the Servitization paths leads to following findings. Offering advanced services and 
service-based business models is not only the result of internal developments but can also be initiated 
by the customers. Providing advanced services demands a new mindset and adequate structures in 
the organization. Service-based business models are well established in the industry of Compressed 
Air. Both interviewed companies offer successfully similar value propositions for decades already (Air-
as-a-Service). In other industries, Servitization is also observable but still in the early stages. An 
accelerating factor for Servitization is the trend of outsourcing on the part of customers. At the same 
time, customers - especially in Germany - are skeptical about long-term, binding contracts without 
obtaining ownership of the technical components. In addition, data protection concerns are impeding 
the provision of suitable services. Another obstructing factor is funding programs in Germany that 
promote the purchase of technical products.  Figure 1 shows exemplary the Servitization path of Alpha. 
The paths of the other companies as well as more insights into each path are shown in the research 
poster. This study provides a first cross-industry comparison. Further research could be conducted to 
understand benefiting properties of different industries for Servitization. 

Figure 1 - Servitization Path of Alpha 

KEY DISCUSSION POINTS 

• Why is Servitization more advanced in certain industries and sectors?

• Are there patterns for predicting the success of service-based business models?

• How do global and regional policies such as low interests for loans or funding programs affect
the success of advanced service offerings?
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RESEARCH MOTIVATION 

It was identified among the companies willing to undergo the shift toward the servitización paradigm, 

the need to identify which services to offer in the short, medium and long term. To this aim, a 

methodology was developed and tested within companies with such needs in different sectors and 

different maturity levels in the adoption of servitization (to integrate more perspectives). The 

companies were identified and selected in the local industrial context of the Basque Country. The 

developed methodology works upon the idea of leveraging the adoption of services with the actual 

hype, and also wide adoption, of digital and data technologies. 

The methodology adopts previous tools from the literature, building up from these widely adopted 

tools, such as the customer journey or the service blueprint, the methodology defines an initial 

portfolio of services. This initial portfolio of services is based upon the novel idea of servitization 

itineraries exploring the relationship between digital innovations, data science applications and 

monetization mechanisms of strategic services (see Table 1).  

Then, the methodology considers prioritizing these services for the companies according to 

multiple dimensions. The efforts are focused on the final definition and customization of the 

methodology output, a map representing the strategic portfolio of services (see an example in 

Illustration 1). This customized map is the result of the application of the methodology for the business 

case of each company, and it serves as a managerial tool gathering into a single graphical 

representation of all the strategic aspects to consider for the offering of services in the short, medium 

and long term.  

 

 

Illustration 1 Map of strategic services portfolio 
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CONTRIBUTION TO THEORY AND PRACTICE 
As stated before, the methodology was applied in several business cases with companies from 

different sectors. The application of the methodology in the companies involved the participation and 

coordination of multiple profiles from several managerial positions. The analysis of the strategic 

portfolio of services of each one of the companies provides important findings regarding: 

• Resources constrains, in each timeframe (short, medium and long term) considering the digital
innovations, data solutions, and monetization mechanisms needed to deploy the selected services.

• Servitization itineraries lead to the offer of product-service systems considering the three layers of
digital innovations, data science solutions and monetization mechanisms. These servitization
itineraries would be susceptible to becoming R&D projects in a near future. The servitization
itineraries are thought of in a digitalisation context and consider three layers (see Table 1).

• Business and industrial processes which may play a major role in the development and deployment
of certain services. It is possible to identify in which layer the different processes need more
resources.

• Gaps and risks in those servitization itineraries lacking one of the necessary layers regarding the
digital technologies, the definition of the data considerations, or the monetization mechanisms.

1-Digital Innovations What digital innovations can be implemented at the touch-points of my 
value proposition with both, internal and external, customers? 

2-Data Science solutions Based on the data generated by these activities and digital innovations, 
what value-added service can I offer? 

3- Monetization mechanisms What strategies and contractual agreements can boost the monetization 
of the service? 

Tabla 1 Description of servitzation itineraries 

Besides, alongside the process, the methodology imbued from the customization choices made by 

each company, which discovered new dimensions of importance for the development and deployment 

of strategic services in the short, medium and long term. Among the different aspects considered, 

stand out those related to the resources investment, the degree of development of certain services, 

interrelation and synergies among the services of the portfolio, or the potential impact on the business. 

Finally, the process of applying the methodology with the companies, and the analysis of the map of 

the strategic portfolio of services (as the main output gathering the value of the methodology) led 

them to some important thoughts regarding the strategic services to offer. After the process, they 

showed a less degree of uncertainty when choosing the services to offer in the short, medium and long 

term. The companies also reflected on the importance of providing these services with the same 

support as they provided the products, in business processes such as marketing or partners’ choice. 

The several discussions also brought to attention, the need to improve certain tactics to leverage the 

adoption of the services among the current customers, as well as the need to work on aspects that 

seemed critical in the deployment of the services. 

KEY DISCUSSION POINTS 

• The importance of the map of the strategic portfolio of services

• How to read the map of the strategic portfolio of services

• New dimensions of importance for the companies when considering new services

• Commercial levers to offer and monetize new services
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RESEARCH MOTIVATION 

The emergence in recent years of the circular economy (CE) has been carried out in order to achieve 

sustainable development. This is due to the increase in consumption of goods and services and the 

scarcity of natural resources that have resulted in the environmental crisis we are currently 

experiencing (Blomsma and Brennan, 2017). This new economic model is based on the redesign of 

products and services, the reuse and recirculation of resources and the regeneration of natural 

systems, as well as on the implementation of innovative business models, such as those based on 

servitization (Han et al., 2020). All this is done in order to expand the useful life of resources and thus 

enhance their value and therefore decrease the environmental impact (EMF-Ellen MacArthur 

Foundation, 2013).  

Although interest in CE has increased in recent years, Circular Supply Chain Management (SCM) has 

received comparatively little attention, knowing that the supply chain is the key unit of action for the 

implementation and success of CE. (Hazen et al., 2020; Lahane et al., 2020). When talking about SCM, 

several authors have shown the necessity of a strong partnership based on collaboration between 

stakeholders to achieve a circular system (Hazen et al., 2020). However, limited literature provides 

insight into how the collaborative relationships between stakeholders can influence the sustainable 

performance of a Circular Supply Chain (CSC), as well as the identification of internal and external 

factors that determine this performance. 

Additionally, the Social Exchange Theory (SET), arises within the study of SCM as a means of identifying 

collaborative behaviours, based on trust, commitment, power and reciprocity as key concepts in 

stakeholders’ interactions (Wu et al., 2014). 

When referring to CSC, the literature shows that the capacity to collaborate with different parties in 

both reverse logistics and forward logistics is a crucial element in the success of the supply chain 

(Hazen et al., 2020). Moreover, several authors mention separately pillars of SET such as power or 

interdependence (Leigh and Li, 2015), commitment or engagement (Veleva et al., 2017), trust (Wang 

et al., 2020) and/or reciprocity or justice (Wu et al., 2014), as influencing factors of CSC sustainable 

performance.  

On the other hand, when talking about stakeholders’ collaborative behaviours, some authors expose 

the importance of an enabling environment in the territory to enhance the development of the CSC 
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and at the same time to obtain sustainable benefits (Zhang et al., 2013). These stakeholders can be 

part of the CSC’s internal environment (suppliers, producers, sellers, etc.) or CSC’s external 

environment (political authorities, associations, external supply chains, society, etc.). Because of this, 

the literature suggests that SET elements may be present in the development of these relationships 

within the territory at different scales. (González-Sánchez et al., 2020) 

This paper aims to present, from a literature review, a comprehensive overview of the determinant 

factors of collaborative stakeholder behaviors and their influence on the sustainable performance of 

the CSC. All this, through the construction of a theoretical model and the identification of variables 

that allow the evaluation of these collaborative behaviors based on SET. 

CONTRIBUTION TO THEORY AND PRACTICE 

Through this work it is established the link between the literature in SCM and CSC by using SET to 

understand the collaborative behaviors between stakeholders and their impact on the sustainable 

performance of the CSC. In this respect, the first theoretical contribution is the identification of the 

determinants of CSC sustainable performance through the lens of Social Exchange Theory. And the 

second theoretical contribution is a proposition of indicators based on the extension on the application 

of SET in circular SCM.   

On the other hand, the practical contributions are based on the application of this proposal as a 

guideline for managers and policy makers in order to design and manage a successful CSC. Following 

the same order of ideas, this work could contribute to the development and management of circular 

business models based on servitization, as these key elements determine the collaborative capacity of 

the stakeholders, which influence the performance of the supply chain.  

KEY DISCUSSION POINTS 

• The application of the Social Exchange Theory reveals at the same time factors of the internal

(relationships between supply chain partners) and external environment (relationships with

governments, associations, society, ecosystems) of circular supply chains.

• SET propose an integrated vision to describe the collaboration capability among stakeholders

of circular supply chains.

• In the near future, we expect to quantify the impact of each of determinant factor through the

validation of a theoretical model.
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RESEARCH MOTIVATION 
In recent years, manufacturers have started to offer their products in the form of advanced services – 
complex value propositions where manufacturers focus on providing performance outcomes to 
customers (Baines, et al., 2020). Manufacturers use their products as platforms to provide these 
advanced services and engage in extensive digitalisation efforts to ensure service performance 
(Schroeder, et al., 2020). The effective and profitable delivery of these advanced services requires 
manufacturers to develop and implement specific business models. For manufacturers which, so far, 
have only focused on product-based business models the development and implementation of 
advanced services business models represent a substantial challenge. 
Research on ‘advanced services business models’ has been expanding over the recent years with 
studies offering important insights into the specific challenges of developing advanced services 
business models (Huikkola and Kohtamäki, 2018). As our knowledge of the development of advanced 
services business models grows, it becomes apparent that we lack a good understanding of what 
happens with these business models post their implementation. The post-implementation 
operationalisation of these business models represents a source of learning for manufacturers 
(Valtakoski, 2017) and an important area of research to improve our understanding of advanced 
services. 
To help develop our understanding of the advanced services business models this study sets out to 
explore how the value mechanisms of advanced services business models interact with each other in 
their post-implementation stage. 

FINDINGS 
Our analysis of the case organisations identified 27 interdependencies among the business model 
mechanisms which show (i) how the advanced services value mechanisms affect each other in a post-
implementation state, and (ii) how these interdependencies create a complex dynamics which 
continuously refines the advanced services business model. 

CONTRIBUTION TO THEORY AND PRACTICE 
The findings identify several interdependencies but also show how the interdependencies involve all 
three value mechanisms of advanced services business models. This finding is in line with Teece (2010), 
who outlines such pervasive dependencies in their business model conceptualisation, and is also 
partially recognised within the advanced services context (Sjödin et al., 2020). Yet, while the need for 
alignment of value mechanisms in the business model design stage has already been identified in other 
advanced services studies (Garcia-Martin et al., 2019), our study identifies interdependencies that 
arise from the operationalisation of business models in their post-implementation stage. 

By adopting an architectural perspective, the study illustrates the different kinds of 
interdependencies which together create a dynamic advanced services business model. Sequential 
interdependencies among the value mechanisms strengthen the business model – one individual 
mechanism having direct impact on another. Findings also indicate the existence of reciprocal 
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interdependencies, where the value mechanisms create self-reinforcing feedback loops (Casadesus-
Masanell & Ricart, 2011). Additionally, pooled interdependencies were also found among the value 
mechanisms in individual cases. These exhibit a virtuous circle, where the business model functions as 
a result of the continuous impact that each mechanism has on other mechanisms (following 
Thompson, 1967). This range of interdependencies highlights additional complexities underlying 
advanced services business models. Our findings show, for example, that while the development of 
particular value proposition features is required to create additional insights on product and service 
performance, reciprocatively those very insights are essential to refine the value proposition. 
Additionally, to capture maximum value, a suitable value proposition alone is not sufficient; a 
continuously aligned value delivery mechanism is also required. 
The findings also identify the different forms of value that are being created in the operationalisation 
of business models. While the capture of economic value is an established focus in advanced services 
research (Garcia-Martin et al., 2019), our study shows how manufacturers are also able to capture 
knowledge, relational and strategic value through their business models. Advanced services are often 
portrayed as opportunities for manufacturers to strengthen their understanding and relationships with 
their customers (e.g. Jang et al., 2021), and our study shows how these objectives are incorporated in 
their business models. Although our study identifies how different kinds of interdependencies and 
different forms of value emerge, it is important to view them as an architecture – any positive or 
negative impacts on one value mechanism can directly or indirectly affect another (Schenkel et al., 
2019). 
Our findings also show the critical role of digitalisation in the post-implementation stage of advanced 
services business models. Although numerous, existing studies outline the specific contributions that 
digital technology provides for advanced services (see Paschou et al., 2020), our findings show how 
digital technology is a critical enabler of the interdependencies among value mechanisms and, 
therefore, also necessary for the dynamic development of advanced services business models. As 
digital transformations themselves have been identified as virtuous circles (Grover & Sabherwal, 2020) 
(e.g., automation creates data, which offers automation opportunities), they integrate with the 
virtuous circles of the business models in the advanced services context. Following Fielt and Gregor 
(2016), ‘the most powerful digital business models are the ones that harness the generative potential 
of digital technologies’ (p. 10). Although prior studies have shown that digitalisation enables advanced 
services, our study helps to understand how digitalisation enables the dynamics within a business 
models. 

KEY DISCUSSION POINTS 

• Our analysis provides a theoretical background to the common notion that a ‘successful shift
from selling products to selling services can only be undertaken as a collective effort that goes
above and beyond the responsibilities of a single department’ (Hidalgo-Carvajal et al., 2021, p.
11).

• We show the interdependencies among the different value mechanisms of advanced services
business models and the responsibilities for these are commonly distributed across the
organisation (e.g., product design, marketing, service). The recognition of these
interdependencies highlights the importance of overcoming the organisational silos for
servitizing manufacturers.
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