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Abstract
While an increasing body of research is considering the role of digital product in-
novation for firms’ survival, there is still a dearth of studies on how firms can best 
pursue digital product innovations. The development of these innovations is often 
accompanied by uncertainty and ambiguity. Thus, firms might benefit from the 
greater clarity and guidance that result from formalization. However, the applica-
tion of formalized procedures and structures might also lead to the suppression of 
fluidity, creativity, or change. Therefore, the purpose of this study is to determine if 
formalization at the project level can enhance digital product innovation. A partial 
duality logic integrating evidence of both the positive and negative effects of for-
malization builds the fundament for the hypothesized model. We use survey and 
patent data for a sample of 395 firms operating in the manufacturing industry to test 
the model. The results suggest the diminishing marginal utility of formalization—
that is, formalization enhances digital product innovation radicalness and digital 
product innovation performance but with decreasing positive marginal returns. 
These findings challenge the widespread assumptions on the relationship between 
formalization and innovation. This new perspective on the relationship between 
formalization and innovation helps identify conditions in which formalization can 
facilitate firms’ efforts to develop profitable, innovative digital products. For exam-
ple, the results demonstrate that older firms in particular can benefit from formali-
zation. In turn, beyond providing insights for executives, this study offers answers 
to persistent research questions concerning which organizational arrangements 
are optimal for enhancing digital product innovation.

K E Y W O R D S

age, digitalization, digital innovation, duality, formalization, innovation performance, product 
innovation management, radicalness

1   |   INTRODUCTION

Digital technologies, such as additive manufacturing, 
artificial intelligence, cloud computing, data analytics, 
social media, and wireless sensor networks (Lanzolla 

et al., 2021; Vial, 2019) offer unparalleled opportunities 
for developing and delivering novel products (Verganti 
et al., 2020). For example, monitoring functions in run-
ning shoes and watches or 3D printing enables customers 
to personalize products to an extent that was not possible 
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before (Rindfleisch et al., 2017). Unsurprisingly, firms 
are increasingly relying on digital product innovation to 
enhance their performance (Nylén & Holmström, 2015). 
Digital product innovations refer to novel products or 
services embodied in or enabled by digital technologies 
(Lyytinen et al., 2016; Nambisan et al., 2017).

Despite recognition of the importance of these innova-
tions for firms’ survival (Nylén & Holmström, 2015), little 
research has addressed which organizational arrange-
ments are appropriate for promoting the development 
of digital product innovation. Thus, we lack insights into 
the unique demands of digital product innovation com-
pared with non-digital innovation (Nylén & Holmström, 
2015). In particular, digital product innovation entails an 
“unprecedented level of unpredictability and dynamism” 
(Nambisan, et al., 2017, p. 225). The functions and con-
sequences of digital technologies are vague, leading to 
uncertain innovation potential and value (Matt et al., 
2015; Nylén & Holmström, 2015). Relative to non-digital 
innovation, digital product innovation tends to be in a 
greater state of flux. This is mainly the case because differ-
ent actors (e.g., users, other firms) can readily extend the 
features, program sequences, scope, and value of digital 
products after they have been launched (Lyytinen et al., 
2016).

These uncertainties about the functionalities and inno-
vation potential of digital technologies result in ambigu-
ous and even conflicting ideas or interpretations during 
digitalization projects. These projects support the imple-
mentation and application of digital technologies to re-
alize the innovation potential of these technologies. To 
unleash this innovation potential, digitalization projects 
must resolve ambiguity (Nambisan et al., 2017) and trans-
form project members’ fragile and diverse knowledge and 
interpretations into novel digital products (Bouncken 
& Barwinski, 2021; Lyytinen et al., 2016). Therefore, an 
important question arises about how to coordinate these 
projects to enhance digital product innovation.

Previous research has culminated in two contrasting 
views on the notion of formalization, defined as the “ex-
tent of written rules, procedures, and instructions” in place 
(Scott & Davis, 2006, p. 29). The bureaucratic view sug-
gests that formalization provides stability and promotes 
effective coordination by specifying role expectations and 
decision processes (Adler & Borys, 1996; Briscoe, 2007; 
Teller et al., 2012). However, the post-bureaucratic view 
emphasizes the merits of emergent, fluid, ad hoc coordi-
nation (Bourgoin et al., 2020; Kellogg et al., 2006). These 
latter scholars argue that formalization leads to a loss of 
flexibility because it encourages mindless, rigid adherence 
to written rules (Mintzberg & McHugh, 1985).

As a result of these different perspectives, managers 
lack guidance on two aspects. First, they do not know how 

to design and coordinate their projects. Second, they have 
no clear understanding whether formalization in digita-
lization projects benefits or undermines digital product 
innovation. Thus, in the light of the stated theoretical 
and practical importance, the current research aims to 
address the research question: Does the formalization of 
digitalization projects facilitate or impede digital product 
innovation?

To accomplish our research purpose, we adopt a du-
ality logic. Duality implies that two elements are inter-
dependent and complementary, rather than separate or 
contrasting (Farjoun, 2010). According to this logic, bu-
reaucratic and post-bureaucratic views might function as 
complements to improve coordination. We hypothesize 
that the orientation and guidance provided by formaliza-
tion can complement fluid and emergent coordination ef-
forts to enhance digital product innovation. Precisely, we 
assume that formalizing the procedures required to build, 
accomplish, and monitor digitalization projects can have 
positive effects on digital product innovation performance 
and digital product innovation radicalness, but the mar-
ginal returns might diminish.

Our model proxies digital innovation performance 
by (a) growth in digital patents and (b) relative digital 
product innovation performance. Relative performance 
refers to the profitability, revenues, and general success 
rate of a firm's digital products compared to its competi-
tors. Referring to previous literature (Garcia & Calantone, 
2002), we define radical digital product innovations as 
innovations that embody or are enabled by digital tech-
nologies and initiate technological or marketing disconti-
nuities at the world, industry, and firm levels.

Our hypothesized model suggests partial duality by 
assuming non-linear effects that are contextually depen-
dent on firm age. Importantly, firm age contextualizes ef-
fects because older firms are more prone to inertia (Coad 
et al., 2016; Dougherty & Hardy, 1996). Formalization 

Practitioner points
•	 Formalization of digitalization projects can im-

prove the performance and radicalness of digi-
tal product innovation.

•	 Formalization is especially beneficial for digital 
product innovation in older firms.

•	 High levels of formalization can be beneficial 
for digital product innovation even though the 
merits of additional formalization decrease 
with increasing formalization.

•	 Innovation managers can apply formalization 
to balance stability and flexibility.
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might guide sensemaking processes to foster rethinking 
established patterns and, thus, operate as a prerequisite to 
change and innovation, particularly in older firms. Hence, 
we hypothesize that older firms can gain more from for-
malization than younger firms can.

To test our hypothesized model (Figure 1), we draw on 
a sample of 395 firms operating in the manufacturing in-
dustry. The empirical study combines multiple sources in-
cluding two different databases (Espacenet and Amadeus) 
and survey data. Our results support the hypothesized 
diminishing marginal returns of formalization on both 
digital product innovation performance and radicalness. 
Moreover, the enabling effects of formalization seem to be 
limited in younger firms, as our results show a positive 
moderation effect of firm age.

Our study contributes to literature on digital product 
innovation by highlighting the intersection of organiza-
tional arrangements and digital product innovation (Hopp 
et al., 2018; Lanzolla et al., 2021; Spanjol et al., 2018; Yoo 
et al., 2012). We provide answers to the pressing question 
about which organizational arrangements promote digital 
product innovation (Appio et al., 2021). In this vein, our 
findings inform the theoretical debate about formalization 
as a coordination mechanism in ambiguous, uncertain, 
and dynamic environments (Christiansen & Varnes, 2009; 
Juillerat, 2010; Ramus et al., 2017; Sine et al., 2006).

While previous research has converged on an inverted 
U-shaped relationship between formalization and perfor-
mance (Vlaar et al., 2006), our results specify that even 
high levels of formalization support digital product inno-
vation. Informing the nexus between organization theory 
and innovation, our study suggests the need to reconsider 
the prevalent bureaucracy–post-bureaucracy dichotomy 
(Kellogg et al., 2006) and contributes a duality approach to 
digital product innovation research.

Finally, our results provide practical recommendations 
for managers on two major aspects. First, managers who 
want to promote digital product innovation should think 
about applying formalization to establish the required stabil-
ity that assists project members to cope with uncertainty and 

dynamism. Second, our study shows under which conditions 
formalization is likely to enhance digital product innovation.

2   |   THEORETICAL BACKGROUND

2.1  |  Digital product innovation

A distinctive element of digital production innovation are 
digital technologies (Lyytinen et al., 2016), defined as com-
binations of information, computing, communication, and 
connectivity technologies (Bharadwaj et al., 2013). Such 
combinations are 3D printing, artificial intelligence, cloud 
computing, data analytics, social media, and wireless sen-
sor networks (Loebbecke & Picot, 2015; Nwankpa & Datta, 
2017). Their application offers unparalleled opportuni-
ties for the development and delivery of novel products 
(Verganti et al., 2020). As defined by Lyytinen and Yoo 
(2016) digital product innovations are significantly novel 
products or services that are embodied in or enabled by 
digital technologies. They might be products for private 
consumers or for business contexts (Yoo et al., 2012).

Digital product innovation embodied in digital technol-
ogies can exist as total or partial digital solutions (Nambisan 
et al., 2017). Some examples of total digital solutions in-
clude new enterprise platforms (business) or video streams 
(private). Partial digital solutions instead occur when dig-
ital technologies complement existing physical products 
(Kohli & Melville, 2019), such as running shoes embedded 
with radio frequency identification chips that can transfer 
real-time data about the jogger's run to a smartphone, an-
alyze the run, or share it on social media sites (Yoo et al., 
2012). Machine monitoring, enabled by Industry 4.0, is a 
partial digital solution in a business context.

As digital solutions are malleable, editable, open, and 
transferrable (Yoo et al., 2010), they often remain incom-
plete and in a state of flux (Nambisan et al., 2017), such 
that they continue to evolve even after their launch and 
implementation. Different actors (e.g., users, customers, 
competitors, firms in other industries) can actively expand 

F I G U R E  1   Hypothesized model

Formalization 

Digital product 
innovation performance 

Digital product 
innovation radicalness 

Firm age 

H2b + H2a: + 
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the scope and scale of digital product innovation (Lyytinen 
et al., 2016; Nambisan et al., 2017). Consider Google Maps 
as a case in point. Google initially developed a digital map 
application for a chosen location, but it sparked a plethora 
of innovations, such that Google Maps currently is embed-
ded in more than 2300 digital products (Henfridsson et al., 
2018). For example, Uber integrated Google Maps into its 
mobility app, so that riders can see which drivers are in 
their immediate vicinity. It also links this geographical po-
sition information with information about and evaluations 
of drivers.

Such fluidity is both a key characteristic of digital prod-
uct innovation and a source of unprecedented unpredict-
ability and uncertainty with regard to their usage and future 
application possibilities (Nambisan et al., 2017). Beyond 
those sources of uncertainty, innovation managers might 
have limited understanding of the functionalities and conse-
quences of digital technologies (Nylén & Holmström, 2015).

Uncertainty can be classified according to Milliken’s 
(1987) three types: state, effect, or response. In relation to 
digital technologies, state uncertainty implies an inability 
to predict how these technologies will affect or change mar-
kets, customer behavior, industries, or society in general 
(Loebbecke & Picot, 2015). Effect uncertainty describes the 
inability to predict how changes due to digital technologies 
are likely to influence the company or its product offerings. 
Finally, response uncertainty implies a lack of insights into 
the available means to respond to changes caused by digi-
tal technologies and an inability to predict the likely conse-
quences of these responses (Milliken, 1987).

Actors involved in digitalization projects must cope 
with all three types of uncertainty. Each type can also pro-
voke role ambiguity that relates to discrepancies between 
position-related information and the information needed 
to perform a role (Organ & Greene, 1981). In addition to 
that digitalization projects often consist of members from 
different functional backgrounds (Malhotra & Majchrzak, 
2021). The members’ diverse goals, motives, and capabili-
ties can cause coordination ambiguities (Nambisan et al., 
2017). Project members might be unable to fully and col-
lectively apply digital technologies to develop digital prod-
uct innovation unless they can coordinate their actions and 
cope with these types of uncertainties and ambiguities.

2.2  |  Contrasting perspectives on 
formalization

According to Weber’s (1947) description of the ideal bu-
reaucratic type, formalization relates to “the extent of 
written rules, procedures, and instructions” (Scott & 
Davis, 2006, p. 29). Formalization reflects both the out-
come and the methods to achieve it (Vlaar et al., 2006) as 

it includes the process of codifying and enforcing outputs, 
behaviors, and their outcomes (Ouchi, 1979).

The rational ideal of bureaucracy suggests that formal-
ization can reduce or eliminate uncertainties and ambi-
guities (Weber, 1947) by guiding individual action and 
specifying role expectations or decision processes (Adler 
& Borys, 1996). Without formalization, role ambiguities 
and perceived uncertainties are likely to arise, so the bu-
reaucratic logic argues that formalization promotes effec-
tive coordination, innovation, and performance (Briscoe, 
2007; Cardinal, 2001; Jansen et al., 2006; Juillerat, 2010; 
Tatikonda & Montoya-Weiss, 2001; Teller et al., 2012).

A contrasting view suggests that bureaucratic structures 
have limited value for coping with unforeseeable develop-
ments in rapidly changing environments (De Meyer et al., 
2002). According to this post-bureaucratic perspective, 
formalization impedes innovation, flexibility, adaption, 
and motivation in uncertain, rapidly changing environ-
ments (Burns & Stalker, 1961; Damanpour, 1991; Hannan 
& Freeman, 1984; Mintzberg, 1994). It also might force 
mindless or rigid adherence to documented, codified pro-
cesses (Mintzberg, 1994), which then limits task autonomy, 
creativity, change, and experimentation, as it narrows the 
range of behavior (Jansen et al., 2006; March & Simon, 
1958). Therefore, post-bureaucracy proponents advocate 
for organizational arrangements that oppose a bureaucratic 
logic, to enable organizationally fluid responses to environ-
mental dynamism and uncertainty (Dobusch et al., 2019). 
Organizational fluidity embraces flexibility and rejects 
strict organizational boundaries, structures, or processes 
(Kellogg et al., 2006; Schreyögg & Sydow, 2010). Post-
bureaucratic scholars advocate radical  decentralization 
and self-organizing systems as appropriate organizational 
means to ensure organizational fluidity that helps to cope 
with uncertainties and dynamism (Bourgoin et al., 2020).

As a core coordination mechanism, the post-bureaucracy 
view relies on heterarchies, which involve interdependence 
relations and a limited hierarchy, in which people with di-
verse skills and functional and occupational affiliations 
work on projects together. Rather than a classical bureau-
cratic idea of a hierarchy (Kellogg et al., 2006; Schreyögg 
& Sydow, 2010) or idealized formalization (Weber, 1947), 
post-bureaucratic organizations rely more on horizontal 
relations and improvised, flexible, participative work pro-
cesses (Kellogg et al., 2006; Martela, 2019) (Table 1).

2.3  |  Duality perspective on 
formalization

An emerging, still fragmented research stream chal-
lenges the post-bureaucratic notion of full fluidity or 
flexibility and questions the opposition of bureaucratic 
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and post-bureaucratic logics. With the argument that 
change can emerge from stability (Farjoun, 2010), schol-
ars highlight the advantages of formalization in post-
bureaucratic environmental conditions that feature 
novelty, uncertainty, and rapid change (Dönmez et al., 
2016). According to this argument, project members 
need stability to achieve change, adaptation, and in-
novation in uncertain, rapidly changing environments 
(Dönmez et al., 2016).

Formalization can provide appropriate levels of guid-
ance and orientation that in turn enable flexibility and 
innovation (Dougherty & Hardy, 1996). It therefore 
complements post-bureaucratic coordination. Codified, 
documented procedures act as authoritative texts to com-
pensate for the lack of authority that results from dis-
mantling hierarchical arrangements (Schoeneborn et al., 
2018). Moreover, formalization can trigger sensemaking 
processes, through which members attempt to explain 
and understand a novel, unclear, or confusing element 
(Dougherty et al., 2000; Gioia & Chittipeddi, 1991). Vlaar 
and van den Bosch (2006) argue that in support of sense-
making, formalization can improve focus, enable deliber-
ation and reflection, and instigate flexible interactions in 
ambiguous situations.

This perspective recognizes bureaucratic and post-
bureaucratic logics as a duality rather than as a dualism 
of opposed and separate views (Farjoun, 2010). The pos-
sibility that formalization can enable both stability and 
fluidity seem alien to the contrasting view. Yet, a duality 
perspective explicitly embraces the two logics as comple-
mentary. Just as a car's brakes enable faster, rather than 
slower, driving, formalization might be a prerequisite for 
flexible, creative work (Farjoun, 2010).

3   |   HYPOTHESES

3.1  |  Formalization and digital product 
innovation

The aforementioned characteristics of digital product in-
novation suggest the need for both fluid, flexible structures 
for experimenting with novel ideas and guidance, clarity, 
and structure. Hence, the duality perspective guides our 
model on the effects of formalization of digitalization pro-
jects on digital product innovation radicalness and digital 
product innovation performance.

Our reasoning for the formalization—digital prod-
uct innovation performance—relationship is as follows. 
Codified and documented procedures are conducive 
to the human need for stability and role clarity to cope 
with high levels of uncertainty and fluidity (Vlaar et al., 
2006)—characteristic features of digital product innova-
tion (Nambisan et al., 2017). Formalization can establish 
role clarity, for example, by setting clear expectations of 
the members involved in the digitalization project (Walsh 
& Dewar, 1987). Codified and documented procedures can 
draw project members’ attention to specific, required as-
pects and thereby prevent issues of low importance from 
distracting project members (Vlaar et al., 2006; Wynand, 
2002). For example, a documented project outline and 
agenda can be applied to guide project members’ atten-
tion to current market trends and relevant aspects of dig-
ital technologies.

In addition, formalization might instigate and maintain 
coordination to cope with different assumptions and inter-
pretations in cross-functional projects. Functional units 
tend to develop distinctive thought worlds (Dougherty, 

T A B L E  1   Bureaucratic logic, post-bureaucratic logic, and duality

Classical bureaucratic logic Post-bureaucratic logic Duality

Aims •	 Stability and order
•	 Avoid arbitrariness
•	 Organizational members 

should know how to perform a 
task

•	 Flexibility and fluidity
•	 Innovation
•	 Organizational members should 

be able to apply their esoteric 
knowledge and expertise

•	 Order and stability that enable 
flexibility

•	 Cross-boundary coordination
•	 Organizational members should 

know how to coordinate and align 
different interdependent tasks

Coordination •	 Hierarchy, centralized decision 
making

•	 Detailed and precise job 
descriptions that prescribe how 
to complete a specific task

•	 Routinized, formalized, and 
rule-based work processes

•	 Strict adherence to rules; 
sanctions if violations occur

•	 Heterarchy, decentralized decision-
making, temporary work teams 
(projects)

•	 Dynamic and blurred roles
•	 Improvised, flexible, participative 

work processes

•	 Duality of bureaucratic and 
post-bureaucratic coordination 
mechanisms

•	 Decentralized decision-making 
and flattened hierarchies but 
formalization on the project level

•	 Clear interaction guidelines and 
routines



      |  731PESCH et al. 

1992). Such interpretative systems focus on different as-
pects (e.g., technologies, markets, customer expectations, 
innovation potential) and influence how project members 
make sense of digital technologies and their underlying 
uncertainties or ambiguities (Orlikowski & Gash, 1994). 
Formalization can guide a lingua franca that promotes 
interaction (Ramus et al., 2017; Wynand, 2002). By estab-
lishing specific terms, techniques, and operations, formal-
ization guides sensemaking about digital technologies. 
This supports collaboration between diverse project mem-
bers who might have different mindsets, interests, knowl-
edge bases, and vocabularies (Hwang & Powell, 2009). 
Codified and documented procedures and the prerequisite 
processes of creating these formal structures facilitate de-
liberation and reflection (Vlaar et al., 2006) that guide proj-
ect members’ interpretation of what a technology is and its 
usefulness for the firm (Kaplan & Tripsas, 2008). Codifying 
procedures encourages project members to be clear about 
the variables and parameters to be considered in develop-
ing digital product innovations. Formalization translates 
tacit and ambiguous knowledge around digital technolo-
gies by making it explicit and presenting it in an ordered 
fashion. For example, codified and documented proce-
dures can contain information that clarifies the functional-
ities of specific digital technologies. These procedures can 
also include information about current technology trends 
or customers’ preferences and expectations. The guidance 
provided through formalization supports learning pro-
cesses and the development of better and even shared un-
derstandings (Vlaar et al., 2006).

Developing profitable digital product innovations that 
match customers’ expectations depends on how project 
members detect innovation opportunities (Bharadwaj 
et al., 2013) and how project members share with others 
and then modify their understandings (Nambisan et al., 
2017). Formalization enables project members to address 
these two aspects. By providing a more comprehensive 
understanding of digital technologies, innovation poten-
tials, and customers’ expectations, formalization enables 
project members to respond to the fluid and uncertain 
nature of digital product innovations. This understanding 
facilitates developing digital product solutions that will be 
profitable and meet customers’ expectations. Therefore, 
we hypothesize that formalization increases digital prod-
uct innovation performance.

However, we additionally assume the occurrence of 
decreasing marginal returns. These specify a logarithmic 
relationship between formalization and digital product 
innovation performance. When there is high formaliza-
tion, the positive effects of additional codification and 
documentation on digital product innovation perfor-
mance should be lower than would be the case with low 
levels of formalization. The formalization at a higher level 

is already effective in providing clarity and orientation. 
Thus, project members’ perceived uncertainty and ambi-
guity already are lower. Therefore, the need for further ori-
entation and guidance through even higher formalization 
decreases at these high formalization levels. Consequently, 
the enabling effects of additional formalization for digital 
product innovation performance should be weaker at high 
levels of formalization.

Hypothesis 1a  Formalization has a logarithmic relation-
ship with digital product innovation performance.

Our model proposes that formalization can even fos-
ter radicalness rather than restrict it. Radical innovations 
are seldom an outcome of individual genius. Instead, they 
reside in collective and formalized approaches to coordi-
nating resources and integrating project members’ knowl-
edge and ideas into radical solutions (Farjoun, 2010). In 
the digital innovation context, scholars highlight fluidity 
and uncertainty around innovation potentials as specific 
characteristics and challenges of integrating diverse ex-
pertise to develop radical solutions (Henfridsson et al., 
2018; Nambisan et al., 2017).

The guidance and orientation afforded by formaliza-
tion can promote collective coordination under these con-
ditions (Farjoun, 2010). Shared and codified procedures 
provide a reference point for participants in the sense of 
reaching and applying a common and basic understand-
ing (Vlaar et al., 2006). This common understanding and 
guidance, in turn, enable project members to creatively in-
tegrate their insights and knowledge into novel and radi-
cal solutions. Formalization allows project members to do 
this without requiring a thorough understanding of digital 
technologies and the various underlying details specific to 
each functional area.

Moreover, the orientation and guidance provided by 
formalization assist project members in coping effec-
tively and efficiently with uncertainties and dynamism. 
These advantages might unleash temporal and cognitive 
resources (Juillerat, 2010). By contrast, in the absence of 
formal procedures, project members must invest more of 
their cognitive resources and limited time to coordinate 
dynamic and uncertain project work. They have fewer 
slack resources to reflect on or experiment with the rad-
ical innovation potentials of digital technologies. Thus, 
formalization can guide energy to detect and realize radi-
cal innovation potentials. In line with the logic of dimin-
ishing marginal returns applied for Hypothesis 1a, these 
enabling effects of additional formalization should be 
weaker at higher levels of formalization.

Hypothesis 1b  Formalization has a logarithmic relation-
ship with digital product innovation radicalness.
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3.2  |  Contextualization: Firm age 
as moderator

Technological changes can particularly challenge firms 
that have long histories of stable operations because, to 
implement changes, they must fundamentally transform 
their business or product portfolios and upend their taken-
for-granted logics and structures (Dougherty & Hardy, 
1996). To survive in the digital age, older firms in particu-
lar rethink their long-established routines and patterns 
of doing business (Svahn et al., 2017). Conversely, young 
firms operate on (still) more fluid and less rigid routines 
and, today, will have already started their business on the 
basis of digital product innovations or digital procedures 
(Bouncken & Barwinski, 2021; Monaghan et al., 2020). 
Therefore, we posit that compared to younger firms, older 
firms will have greater needs for guidance and orientation 
through formalization for coping with uncertainties re-
lated to digital technologies (Svahn et al., 2017).

In addition, older firms’ structural capacity to pro-
mote flexibility and innovation offers another ratio-
nale for considering the moderating influence of firm 
age when hypothesizing about the effects of formaliza-
tion. Studies on inertia identify causality between firm 
age and inertia (Hannan & Freeman, 1984; Shimizu & 
Hitt, 2005). Age tends to rigidify interpretation systems. 
Thus, older firms likely have developed systems of rules 
and formalized roles over time, which can lead to “hab-
its of mind” (Shimizu & Hitt, 2005). These habits leave 
them more prone to inertia that impedes their flexibility 
to promote and adjust product innovation in changing 
technological environments (Hannan & Freeman, 1984; 
Majumdar, 1997). In this sense, older firms require spe-
cific organizational arrangements to be able to mobilize 
resources for technological change and innovation as 
well as to draw attention to and make meaning of the 
role of digital technologies for innovation (Dougherty & 
Hardy, 1996).

In the post-bureaucratic view, formalization is expected 
to be counterproductive to digital product innovation for 
older firms because it increases their already high levels of 
rigidity and promotes bureaucratic ossification. Yet we hy-
pothesize that when pursuing digital product innovation, 
formalization offers greater benefits for older than for 
younger firms. As the partial duality perspective suggests, 
formalization can enhance structural capacity by offering 
flexible coordination advantages and provide guidance 
and orientation in uncertain and fluid digital product 
innovation contexts. In older firms, these functions can 
support project members in navigating the unfamiliar 
and uncharted territory of digital technologies. Codified 
and documented procedures provide relevant contextu-
alization that helps project members cope with specific 

comprehension problems and uncertainties that arise in 
older firms due to unfamiliarity with digital product inno-
vation. Younger firms tend to have less need for this guid-
ance or orientation because they are often familiar with 
digital technologies (Svahn et al., 2017). Consequently, 
the benefits of formalization for digital product innova-
tion performance might be smaller in younger firms. The 
dysfunctions of formalization—highlighted by the post-
bureaucratic view (Kellogg et al., 2006)—might even have 
the potential to counteract the enabling effects of formal-
ization in younger firms. In other words, younger firms 
might benefit less from formalization and older firms 
might benefit more from it.

Hypothesis 2a  Firm age positively moderates the relation-
ship between formalization and digital product inno-
vation performance.

Previous research argues that inertia and the uncertain 
payoffs of radical innovations can make older firms, com-
pared to younger firms, more reluctant to promote and 
experiment with radical digital product solutions (Hill & 
Rothaermel, 2003). To minimize uncertainty, older firms 
will likely seek to maximize returns from known technol-
ogies and successful products instead of experimenting 
with radical solutions (Svahn et al., 2017). In such a climate 
of aiming at minimizing uncertainty, project members in 
older firms might be hesitant to follow new pathways and 
pursue radicalness and might struggle with accessing the 
required resources for developing radical solutions (Hill & 
Rothaermel, 2003). This tendency might particularly ac-
count for the fluid digital innovation context (Svahn et al., 
2017). We hypothesize that formalization can counteract 
this tendency.

Formalization supports dealing with some uncertain-
ties that might impede project members in older firms 
from experimenting with radical digital product inno-
vations (Hill & Rothaermel, 2003; Svahn et al., 2017). 
Additionally, formalization can even help project members 
challenge established innovation practices and overcome 
resistance to change. Consider the example of codified 
procedures that urge project members to reflect on radical 
innovation potentials when building and monitoring the 
project. In addition, codified and documented procedures 
might help project members of older firms access and co-
ordinate the resources (Vlaar et al., 2006) they require to 
go beyond established product portfolios to develop radi-
cal digital product innovations (Hill & Rothaermel, 2003; 
Svahn et al., 2017).

Hypothesis 2b  Firm age positively moderates the relation-
ship between formalization and digital product inno-
vation radicalness.
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4   |   METHODOLOGY

4.1  |  Research setting and data collection

We conducted a survey of 395 firms operating in the 
European manufacturing industry and gathered objec-
tive digital patent data from the European Patent Office 
(Espacenet) and firm size and age data from the Amadeus 
database (Bureau van Dijk, Moody's Analytics). Our 
sample includes firms from the plastics and rubber 
(35.2%), utility vehicle (27.7%), machinery and plant 
engineering (23.9%), and energy (13.2%) industries. Our 
focus on the manufacturing industry acknowledges the 
vast digital product innovation potential in these sectors 
(Cabanes et al., 2019; Ivanov, 2020). For example, inter-
connected factories, relying on the Internet of Things 
and Industry 4.0, create opportunities for various digital 
product innovations, especially in the machinery and 
plant engineering and the plastics and rubber industry 
(Baur & Wee, 2015; Endres et al., 2019; Lange, 2017). 
Developments involving connected vehicles are promi-
nent in the utility vehicle industry (Heid et al., 2018), 
and in the energy sector, digital technologies suggest the 
potential for smart grids (Munuera, 2020). Furthermore, 
to ensure their competitiveness in the digital age, manu-
facturing firms likely need to transform their processes 
and products (Baur & Wee, 2015). Therefore, members 
of digitalization project teams working in manufactur-
ing industries likely need guidance and orientation to 
cope with the uncertainties and dynamism inherent to 
digital product innovation.

To collect survey data, eight research assistants visited 
six global manufacturing trade fairs to identify key infor-
mants involved in digitalization projects and willing to 
participate in our paper-and-pencil survey. Before we sent 
the research assistants to these trade fairs, we randomly 
selected companies in the represented industries for them 
to approach. Because trade fairs bring managers from a 
specific industry together, they offer good opportunities 
for making contacts (Pesch & Bouncken, 2017); the six 
trade fairs we visited featured more than 14,000 exhibitor 
firms from around the world, from which the teams ran-
domly contacted 1400 firms. The research assistants had 
the opportunity to explain the research project. We prom-
ised a result report to the survey participants to increase 
their participation willingness.

A total of 457 firms agreed to participate, but only 395 
of the informants approached rated themselves as highly 
informed about digital technologies and digital product 
innovations in their firms. We chose to exclude the 62 par-
ticipants who rated themselves as having limited informa-
tion. Thus, the final sample of 395 firms represents a net 

response rate of 28.21%, which compares favorably with 
prior publications (e.g., Chadwick et al., 2015; Flores et al., 
2012) and exceeds conventional recommendations for ad-
vanced statistical analyses (MacCallum et al., 1999). These 
key informants are senior managers, who had worked for 
an average of 8.1 years for their current firm. The sample 
includes CEOs (19%), marketing and sales directors (10%), 
marketing and product managers (12%), business devel-
opment managers (33%), innovation and technology man-
agers (7%), operation/process managers (8%), and others 
(11%). The surveyed firms earned an average of 723 mil-
lion Euros (median 12 million Euros; standard deviation 
5475) in revenue and had an average of 2700 employees 
(median 65; standard deviation 19,733).

4.2  |  Measurement

To measure the constructs, we use reflective multi-
items and 5-point Likert-type scales, which we list in the 
Appendix A. Furthermore, to capture digital product in-
novation performance, we include objective patent data 
from the European Patent Office.

Inspired by Zmud (1982), we measure the formaliza-
tion of digitalization projects by applying three items: (1) 
core processes to build digitalization projects are strongly 
formalized within our company, (2) core processes to ac-
complish digitalization projects are strongly formalized 
within our company, and (3) core processes to monitor 
digitalization projects are strongly formalized within 
our company. As suggested by Haans and Pieters (2016), 
if the true relationship might be merely one half of a  
U-shape, we log-transformed this formalization construct 
to test the hypothesized diminishing marginal utility effect 
(Dhanaraj & Beamish, 2004; Moore et al., 2021).

For digital product innovation radicalness, we adapt 
Bouncken and Kraus's (2013) scale to a digital context. 
At the beginning of the survey, we presented informants 
with a precise definition of digital products, in line with 
the definition we cited previously (Lyytinen et al., 2016). 
Regarding product innovation performance, we adopt two 
measures: relative digital product innovation performance 
and digital patent growth. For the former measure, we 
rely on the relative competitive performance measure pro-
posed by Deshpandé et al. (1993) and asked the key infor-
mants to evaluate their firm's digital product innovations 
in terms of their success rate, revenues, and profitability 
in comparison with their competitors’. These items are di-
rect indicators that primarily measure digital product in-
novation performance; we complement them with digital 
patent growth as an indirect measure (Dziallas & Blind, 
2019). It captures the rate of change in digital patents each 
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firm had registered in the period ranging from the year of 
the survey to the third year after the survey. We gathered 
the number of digital patents from the European Patent 
Office's database (Espacenet), which contains a system-
atized listing of all cooperative patent classification (CPC) 
codes related to digital product innovations (Ménière 
et al., 2017). This classification consists of 321 different 
CPC codes.

To check the reliability and validity of our latent con-
structs, we conducted a confirmatory factor analysis 
(comparative fit index > 0.95; Tucker–Lewis index > 0.95; 
root mean square error of approximation < 0.04). Then, 
we calculated the composite reliability, average variance 
extracted (AVE), and Fornell–Larcker criterion to validate 
our reflective constructs. The composite reliability for our 
latent constructs was greater than 0.70. The convergent 
validity was also adequate, because the AVE exceeded 
0.50 for each construct (Bagozzi & Yi, 2012). The results 
indicated adequate discriminant validity, in that the AVE 
of each construct exceeded the squared correlation be-
tween all pairs of constructs for the same model (Fornell 
& Larcker, 1981).

In line with prior research on innovation performance, 
we included R&D expenditures, firm size, and industry as 
control variables (e.g., Dul & Ceylan, 2014). We measured 
firm age as the log of the number of years since the estab-
lishment of the company; firm size is the log of the number 
of employees. For R&D expenditures, we used the share of 
such expenditures relative to total sales. We added dummy 
variables for each industry, coded as equal to 2 if that in-
dustry was applicable, and 1 otherwise. Table 2 contains 
the descriptive statistics and intercorrelations.

5   |   RESULTS

5.1  |  Hypotheses testing

To test H1 and H2, we applied a four-step (Models 1–4) 
ordinary least squares regression analysis in SPSS 25.0 
for our complex model, including a two-way interaction 
(Cohen et al., 2003). We mean-centered all predictors be-
fore creating the interaction terms (Aiken & West, 1991). 
Table 3 presents the results for relative digital product in-
novation performance based on survey data and Table 4 
offers the results for digital patent growth. Table 5 shows 
the results for digital product innovation radicalness.

As the R2 values show, the main effects of the formal-
ization in our study accounted for about 24% (Table 3) of 
the variance for relative digital product innovation per-
formance, about 10% (Table 4) of the variance for digital 
patent growth, and about 21% (Table 5) of the variance for 
digital product innovation radicalness (Model 2). We find 
strong, significant, positive influences of (logarithmic) 
formalization on digital product innovation performance, 
measured as both relative digital product innovation per-
formance (Table 3, Model 2: β = .498; p < .01) and digi-
tal patent growth (Table 4, Model 2: β = .330; p < .05) in 
support of H1a. The results also support H1b. The rela-
tionship between (logarithmic) formalization and digital 
product innovation radicalness is significant and positive 
(Table 5, Model 2: β = .477; p < .01).

We also find a positive moderating effect of firm age 
on the relationship between formalization and relative 
digital product innovation performance (Table 3, Model 4: 
β = .068; p < .10) and between formalization and digital 

T A B L E  2   Descriptive statistics and interitem correlations

Variables 1 2 3 4 5 6 7 8 9 10 11

1. Formalization 1.00

2. Firm age .04 1.00

3. Firm size .13 .30 1.00

4. Relative digital production innovation 
performance

.48 −.11 −.04 1.00

5. Digital patent growth .35 −.06 −.02 .02 1.00

6. Digital product innovation radicalness .47 −.11 −.01 .81 .03 1.00

7. Machinery engineering .12 −.02 −.16 .08 .16 .07 1.00

8. Utility vehicle industry .02 .09 .23 −.07 −.17 −.02 −.32 1.00

9. Plastics and rubber industry −.15 .06 −.02 −.07 −.19 −.09 −.38 −.42 1.00

10. Energy industry .02 −.02 .09 .02 .20 .00 −.20 −.22 −.27 1.00

11. R&D expenditures .03 .06 −.13 .05 −.14 . 05 .06 −.11 −.05 −.02 1.00

Mean .32 1.55 1.90 2.98 .42 3.07 1.23 1.26 1.33 1.12 16.58

Standard deviation .24 .69 .91 1.08 .41 1.09 .42 .44 .47 .33 12.11

Note: Significant correlations (p-value < .05 are in bold; two-tailed).
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product innovation radicalness (Table 5, Model 4: β =  .092; 
p < .05). We explore this two-way interaction using the sim-
ple slope of formalization at one standard deviation above 
and below the means of firm age; as Figure 2 indicates, the 
beneficial effect of formalization is greater for older firms.

5.2  |  Robustness tests

5.2.1  |  Common method bias

Common method variance can bias the relationships of 
variables measured with self-reports. Even if the problem 
of common method variance may be exaggerated (Schaller 
et al., 2015), we acknowledge that our statistical conclu-
sions may be biased. To minimize the risk of common 
method bias, as explained previously, we collected data 
from different sources. The patent data, as complements 
to our survey data, affirm the hypothesized diminishing 
marginal utility effect of formalization. Furthermore, we 
collected additional data from other key informants, rep-
resenting a subsample of 85 firms, regarding relative digi-
tal innovation performance. When we replace responses 

from the first key informants with the second key inform-
ants’ responses, we again find a logarithmic relationship 
between formalization and digital innovation perfor-
mance (β = .410; p = .001). Furthermore, we formulated 
the questions in our survey precisely and separated ques-
tions about the dependent variables from those pertaining 
to the independent variables. We guaranteed the respond-
ents anonymity. With a pretest, we ensured the compre-
hensibility of the questions, before conducting the survey. 
Because our analysis includes moderating effects, the po-
tential bias due to respondents’ implicit theories is natu-
rally lower (Siemsen et al., 2010). Finally, we employed a 
marker variable approach to detect common method bias 
(Lindell & Whitney, 2001), and the results indicate that it 
is not a serious concern for our study.

5.2.2  |  Validating the logarithmic 
formalization effect

Some prior research predicts that formalization may be 
beneficial only up to a specific point, after which it be-
comes destructive (Vlaar et al., 2006). Therefore, we tested 

T A B L E  3   Standardized ordinary least square regression results for relative digital product innovation performance (N = 395)

Dependent variable: Relative digital product innovation performance

Model 1 (controls 
only)

Model 2 (with main 
effect)

Model 3 (with direct 
effect of moderator 
variable)

Model 4 (with two-
way interaction)

β p-values β p-values β p-values β p-values

Main effect

Log formalization (F) .498 .000 .494 .000 .497 .000

Direct moderator effect

Firm Age (FA) −.118 .035 −.119 .033

Two-way interaction effect

FA × F .068 .090

Control variables

Machinery and plant 
engineering

−.101 .425 −.097 .384 −.048 .673 −.033 .769

Utility vehicle 
industry

−.203 .133 −.121 .305 −.070 .561 −.067 .574

Plastics and rubber 
industry

−.254 .079 −.121 .340 −.056 .664 −.050 .700

Energy industry −.163 .094 −.080 .347 −.060 .483 −.057 .507

Firm size .000 .998 −.084 .119 −.045 .427 −.045 .422

R&D expenditures .018 .760 .014 .784 .040 .454 .038 .470

R2 .02 .26 .27 .27

ΔR2 – .24 .01 .00

F-change – 92.511 (.00) 4.018 (.05) 1.807 (.18)

Note: One-tailed significance for hypothesized relations, and two-tailed significance for controls.



736  |    
DIGITAL PRODUCT INNOVATION MANAGEMENT: BALANCING STABILITY AND FLUIDITY 

THROUGH FORMALIZATION

for an inverted U-shaped effect by calculating the squared 
effect of formalization on digital product innovation radi-
calness and both measures of digital product innovation 
performance, in a post hoc analysis. The insignificant 
squared effects (p > .10) do not support for the notion of a 
curvilinear relationship with formalization.

5.2.3  |  Differences between digital-driven 
versus digital-centric firms

The effect of formalization might vary across firms which 
might rely more or less on digital products, such that 
these products account for a high (digital-centric) or low 
(digital-driven) share of total product sales. Digital-centric 
firms might have less need for formalization, because 
they likely have developed strong knowledge and experi-
ence about digital technologies and products, relative to 
digital-driven firms. In a post hoc test, we add the share 
of digital products as a moderator in the regression analy-
sis. The results indicate a significant negative interaction 
effect of the share of digital products with formalization, 
for both relative digital product innovation performance 
(β = −.18, p = .03) and digital product innovation radical-
ness (β = −21, p = .01). The formalization effect remains 
high (β = .50, p = .00; β = .54, p = .00). That is, the effect 
of formalization appears to diminish when the share of 
digital products as a proportion of total sales is higher.

We also tested whether the combination of firm age 
and share of digital products might influence the rela-
tionship between formalization and digital product inno-
vation performance and radicalness. Thus, we calculated 
a three-way interaction effect of formalization, firm age, 
and the share of digital products. However, the three-way 
interaction effect is insignificant (p > .10).

5.2.4  |  Testing different kinds of digital 
technologies

The effects of formalization might vary for firms with dif-
ferent technology foci. We asked the survey respondents to 
specify the digital technologies their digitalization projects 
employed. The top-five most specified technologies were 
wireless sensor connectivity technologies, cloud comput-
ing, big data analytics, 3D printing, and digital commu-
nication technologies. To examine the robustness of the 
diminishing marginal utility effects of formalization, we 
tested moderating effects of the five digital technologies by 
creating dummy modules for each technology. We did not 
find significant moderating effects of the different technol-
ogies on the relationship between formalization and digi-
tal patent growth, but differences arose for digital product 

innovation radicalness and relative digital product inno-
vation performance. For relative digital product innova-
tion performance, we find that firms with a focus on 3D 
printing profit less from formalization (moderating effect 
β = −.17, p <  .01). Regarding digital product innovation 
radicalness, firms that focus on digital communication 
technologies (moderating effect: β = .14, p < .05) achieve 
greater innovation benefits from formalization, but this 
moderating effect is significantly negative for firms that 
rely on big data analytics (β = −.16, p < .05). Compared 
with digital communication technologies, 3D printing and 
big data analytics can be classified as more complex, such 
that they are characterized by high uncertainty in terms of 
their potential for product innovation and the value that 
might be realized (Cappa et al., 2020; Rindfleisch et al., 
2017). The results indicate that formalization improves 
digital product innovation even when it entails more com-
plex digital technologies, though the merits of formaliza-
tion might be weaker for such digital technologies.

6   |   DISCUSSION

Ambiguity surrounding whether formalization assists digi-
tal product innovation or not motivated this study. We pro-
pose a partial duality logic that hypothesizes a nonlinear 
effect of formalization – precisely a positive effect with de-
creasing marginal returns. To gain a more nuanced under-
standing, we include firm age as a contingency factor, in 
line with the general prediction that formalization is sub-
ject to contingencies (Ramus et al., 2017; Sine et al., 2006). 
As our study demonstrates, older firms achieve greater ad-
vantages from formalization than younger firms (Figure 2),  
which aligns with innovation research that indicates 
that mature firms are more prone to inertia (Hannan & 
Freeman, 1984; Shimizu & Hitt, 2005) and have higher 
needs for orientation, guidance, and cross-boundary coor-
dination (Dougherty & Hardy, 1996). This nuanced view 
challenges the post-bureaucratic logic that alleges formal-
ization leads to habits of mind, especially in older firms. 
That is, we argue that formalization offers a means to chal-
lenge rigid routines and interpretative structures.

Our post hoc analyses provide further insights on con-
tingency factors and support the idea of a partial duality. 
The positive nonlinear effect of formalization can vary 
across digital technologies, such that the merits of formal-
ization seem to be lower for more complex, evolving dig-
ital technologies. More detailed technology features also 
might inform the limits of formalization. For example, 
perhaps firms find it more challenging to develop codi-
fied and documented procedures for digitalization proj-
ects that include complex digital technologies such as 3D 
printing. Even though we find some effects of the type of 
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technology, our overall findings affirm that formalization 
can be applied to achieve benefits for digital product inno-
vation across digital technologies that vary in complexity.

6.1  |  Theoretical contribution

This study responds to recent calls on identifying the or-
ganizational arrangements required to promote digital 
product innovation (Appio et al., 2021). In addition, by in-
troducing the partial duality perspective on formalization, 
it addresses the long-term conflict of different schools 
of thoughts between bureaucracy (e.g., Weber, 1947) 
and post-bureaucracy views (e.g., Kellogg et al., 2006; 
Mintzberg, 1994). Finally, our finding of decreasing mar-
ginal returns introduces novel insights into the discussion 
of (nonlinear) effects of formalization for innovation. We 
discuss each of these three contributions in turn.

6.1.1  |  Organizational arrangements to 
promote digital product innovation

Research on digital product innovation is in an embryonic 
stage (Appio et al., 2021). Scholars highlight that digital 

product innovations have distinctive characteristics com-
pared to non-digital product innovations and cite the 
importance of these innovations for companies’ survival 
(Nambisan et al., 2017). However, we still know little 
about how to promote digital product innovation.

This study contributes to emerging research at the 
intersection of digital product innovation and organiza-
tional arrangements (Fichman et al., 2014; Hopp et al., 
2018; Lanzolla et al., 2021; Yoo et al., 2012), by demon-
strating that the formalization of digitalization projects 
can enhance digital product innovation. By following the 
partial duality perspective, we argue that formalization 
can provide the orientation and guidance that is required 
for creative and flexible project work. The partial duality 
perspective enriches research into alternative organiza-
tional arrangements for digital product innovation that 
can balance stability and flexibility (Svahn et al., 2017). 
Nambisan et al. (2017) call for research into how socio-
cognitive frames of digital innovations emerge and get 
shared among different actors. Our study provides first 
insights by researching formalization as a means that 
supports to align and challenge project members differ-
ent interpretations and assumptions of digital technolo-
gies for increasing creativity and innovation potentials. 
Furthermore, this study contributes to discussions of 

T A B L E  4   Standardized ordinary least square regression results for digital patent growth (N = 395)

Dependent variable: Digital patent growth

Model 1  
(controls only)

Model 2  
(with main effect)

Model 3 (with direct 
effect of moderator 
variable)

Model 4 (with two-
way interaction)

β p-values β p-values β p-values β p-values

Main effect

Log formalization (F) .330 .029 .330 .032 .330 .033

Direct moderator effect

Firm age (FA) .009 .960 −.008 .965

Two-way interaction effect

FA × F .132 .222

Control variables

Machinery and plant 
engineering

−.157 .647 −.159 .627 −.162 .632 −.137 .690

Utility vehicle industry −.454 .227 −.411 .252 −.415 .265 −.402 .284

Plastics and rubber industry −.470 .223 −.396 .283 −.400 .297 −.386 .318

Energy industry −.061 .839 −.033 .908 −.035 .905 −.035 .906

Firm size .026 .888 −.028 .872 −.031 .869 −.028 .881

R&D expenditures −.206 .254 −.214 .215 −.215 .226 −.214 .231

R2 .16 .26 .26 .28

ΔR2 – .10 .00 .02

F-change – 3.910 (.06) .003 (.96) .603 (.44)

Note: One-tailed significance for hypothesized relations, and two-tailed significance for controls.
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effective organizational arrangements that can support 
the integration and transformation of various project 
members’ diverse interpretations about digital technolo-
gies into novel digital products (Appio et al., 2021).

6.1.2  |  Partial duality perspective on 
formalization

Instead of the merits of formalization, post-bureaucratic 
proponents emphasize the importance of fluid organiza-
tional arrangements to ensure sufficient flexibility that 
promotes digital product innovations. Yet, discussions of 
fluid organizational structures often appear to radicalize 
the principle of organizational flexibility (Schreyögg & 
Sydow, 2010). Previous research highlights that organi-
zational functioning requires a balance between stability 
and fluidity (Aroles & McLean, 2016; Dönmez et al., 2016).

We argue that the difference between bureaucracy and 
post-bureaucracy is not a matter of principle but of de-
gree. Formalization may seem alien to a post-bureaucratic 
world, but formalization can help organizations cope with 

T A B L E  5   Standardized ordinary least square regression results for digital product innovation radicalness (N = 395)

Dependent variable: Digital product innovation radicalness

Model 1  
(controls only)

Model 2  
(with main effect)

Model 3 (with direct 
effect of moderator 
variable)

Model 4 (with two-
way interaction)

β p-values β p-values β p-values β p-values

Main effect

Log formalization (F) .477 .000 .474 .000 .479 .000

Direct moderator effect

Firm Age (FA) −.099 .081 −.101 .075

Two-way interaction effect

FA × F .092 .037

Control variables

Machinery and plant 
engineering

−.069 .588 −.064 .568 −.023 .841 −.004 .974

Utility vehicle industry −.120 .375 −.042 .727 .002 .990 .005 .969

Plastics and rubber industry −.220 .128 −.093 .471 −.038 .772 −.029 .823

Energy industry −.156 .108 −.077 .372 −.060 .489 −.056 .521

Firm size .029 .635 −.052 .340 −.019 .739 −.020 .731

R&D expenditures .004 .948 .000 .998 .022 .689 .020 .714

R2 .02 .24 .24 .25

ΔR2 – .21 .01 .01

F-change – 82.898 (.00) 3.075 (.08) 3.216 (.07)

Note: One-tailed significance for hypothesized relations and two-tailed significance for controls.

F I G U R E  2   Effect of formalization at low and high firm age
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post-bureaucratic environmental conditions. While for-
malization in the sense of precise descriptions of how to 
perform and complete a specific task might be difficult, 
due to the uncertainty and dynamism that surrounds dig-
ital technologies and their innovation potentials, formal-
ization at a higher level (Loch et al., 2006), such as the 
project coordination level, can enable flexible and cre-
ative interaction by providing orientation and guidance 
(Farjoun, 2010; Vlaar et al., 2006).

This study thus offers a new, partial duality perspective 
that highlights a complementary relation between the bu-
reaucratic and post-bureaucratic logics. This perspective 
enriches emerging research on alternative organizational 
arrangements that can balance stability and fluidity in the 
specific context of digital product innovation (Svahn et al., 
2017), as well as in uncertain and rapidly changing envi-
ronments in general (Aroles & McLean, 2016; Farjoun, 
2010; Schreyögg & Sydow, 2010).

6.1.3  |  Marginal utility effects of 
formalization

Previous innovation research cites the bright side of for-
malization for innovation (Cardinal, 2001; Jansen et al., 
2006; Schultz et al., 2013; Tatikonda & Montoya-Weiss, 
2001) but also its dark side (Burns & Stalker, 1961; 
Damanpour, 1991; Jansen et al., 2006; March & Simon, 
1958; Mintzberg, 1994). Some scholars suggest inverted 
U-shaped effects of formalization (Vlaar et al., 2006), as 
an option to integrate these two perspectives. According 
to that argument, medium levels of formalization would 
offer the greatest merit, relative to low and high levels, 
where formalization even might have destructive effects.

In contrast, the partial duality logic challenges this under-
lying opposition, because formalization can enable flexibility 
and innovation (especially for older firms) by providing nec-
essary guidance and orientation. Instead of positive, negative, 
or inverted U-shaped relationship, we show that high levels 
of formalization can offer the greatest benefits for digital 
product innovation, but the marginal returns are declining. 
Decreasing marginal returns represent a novel theoretical 
approach to the effects of formalization. As these findings re-
late to the specific context of digital product innovation, con-
tinued research might explore whether formalization also 
reveals positive decreasing marginal returns in nondigital 
innovation contexts, especially very uncertain settings.

6.2  |  Practical implications

The results of our study provide managerial implications, 
in line with calls for innovation management research 

that provides value to business practice (Noble & Spanjol, 
2019). In general, our study shows that firms do not need 
to worry about avoiding formalization in their digitaliza-
tion projects. This stands in contrast with a widespread 
assumption that formalization might create barriers to 
digital product innovation by impeding creativity and 
change. Our findings offer a more nuanced perspective 
that change and innovation are not possible without some 
degree of stability (Christiansen & Varnes, 2009; Farjoun, 
2010). Managers who want to promote digital product in-
novation should apply formalization to establish the re-
quired stability that project members need to cope with 
inherent uncertainty and dynamism. We can break this 
general managerial implication into five specific instruc-
tions for action.

First, managers and firms might establish clear roles and 
make role expectations explicit for members involved in 
digitalization projects. In the absence of formal structures, 
project members struggle with uncertainties related to dig-
ital product innovations. They have trouble coordinating 
digital innovation actions and accessing the required orga-
nizational resources to advance digital product innovation 
initiatives. Project members should know how to coordi-
nate and align different interdependent innovation tasks 
under these conditions. For example, cross-functional in-
teraction difficulties might be mitigated by simply codifying 
procedures to coordinate interdependent activities.

Second, innovation managers might use formaliza-
tion to guide employees’ information processing (Vlaar 
et al., 2006). Codified and documented procedures can 
focus project members’ attention on the importance of 
digital product innovation. Take, for example, codified 
and documented procedures that encourage or even 
ask project members to apply their cognitive resources 
and organizational resources to develop digital product 
innovations.

Third, managers can utilize formalization to increase 
digital product innovation radicalness. The orientation 
and guidance provided by formalization helps project 
members to creatively integrate their different knowledge 
and to deal more efficiently with the uncertainties and 
dynamism. These efficiency advantages might unleash 
temporal and cognitive resources that project members 
need to reflect or experiment on digital technologies’ rad-
ical innovation potentials and their consequences for the 
firm. Thus, innovation managers need not be concerned 
that the formalization of digitalization projects will occur 
at the expense of radicalness.

Fourth, the logarithmic effect of formalization that we 
show might encourage managers to consider how to for-
malize their digitalization projects up to a certain point 
to remain efficient. Even if additional benefits of formal-
ization persist at high levels of formalization, the overall 
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increase in digital innovation performance will be limited 
at these high levels. As creating guidelines and monitoring 
adherence to them tie up time and resources, additional 
formalization might be no longer worthwhile beyond a 
certain point.

Fifth, managers of older firms should adopt formal-
ization more intensively than managers of younger firms 
because older firms have higher needs for enabling the ef-
fects of formalization.

Our findings regarding the control variables reveal fur-
ther managerial implications. The control variables per-
taining to firm size and manufacturing industry sector did 
not affect the examined outcome variables substantially. 
We might, therefore, assume that the impact of formaliza-
tion of digitalization projects on digital product innova-
tion radicalness/performance is neither firm size–specific 
nor industry-specific across different manufacturing sec-
tors. Thus, managers in various industries and companies 
of different sizes might think of using formalization to 
increase both their company's digital product innovation 
radicalness and digital product innovation performance.

6.3  |  Limitations and avenues 
for research

Our sample consists of firms from the manufacturing in-
dustry, which may limit generalization of our results. 
Therefore, continued research should test the robustness of 
our findings in other industries. Furthermore, previous re-
search distinguishes formalization of goals and targets ver-
sus procedures to achieve these targets (Katz & Kahn, 1966). 
We concentrate on the formalization of digitalization pro-
jects, that is, the procedures instead of the goals and targets. 
Tests involving other formalization objectives might reveal 
how different kinds of formalization interact. For example, 
formalizing precise digitalization goals might promote a 
clear orientation and support employees’ sensemaking. In 
that case, the question that arises is whether different types 
of formalization have complementary, substitutive, or con-
trary effects. Another interesting avenue for research might 
address how firms implement and communicate their codi-
fied and documented procedures to employees. Employees 
need to understand and be able to apply the procedures; 
what elements are necessary to develop and formulate pro-
cedures that reduce ambiguity rather than creating more of 
it, through formalization? Building on such considerations, 
further research also could determine how to develop ap-
propriate formalization mechanisms.

Finally, we address formalization as an organiza-
tional means to promote digital product innovation, but 
emerging research also theorizes about how digital tech-
nologies might be applied to improve work or promote 

collaboration and innovation (Endres et al., 2021; Huesig 
& Endres, 2019; Lanzolla et al., 2021; Marion & Fixson, 
2021; Verganti et al., 2020). In turn, researchers might ad-
dress the extent to which digital technologies themselves 
can become means to promote and organize new product 
development efforts.
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APPENDIX A

Latent constructs
Notes: All latent constructs are measured on 5-point 
Likert scales (1 = totally disagree; 5 = totally agree). CR = 
composite reliability, AVE = average variance extracted.

Formalization (CR = 0.96, AVE = 0.89)

1.	 Core processes to build digitalization projects are 
strongly formalized within our company.

2.	 Core processes to accomplish digitalization projects 
are strongly formalized within our company.

3.	 Core processes to monitor digitalization projects are 
strongly formalized within our company.

Relative digital product innovation performance 
(CR = 0.93, AVE = 0.83)

1.	 Our digital product innovations achieve a greater 
success rate relative to our competitors.

2.	 Our digital product innovations achieve greater rev-
enue relative to our competitors.

3.	 Our digital product innovations achieve greater 
profitability relative to our competitors.

Digital product innovation radicalness (CR = 0.92, 
AVE = 0.79)

1.	 Our digital products are breakthrough innovations.
2.	 Our digital products are technological advance-

ments that make old technologies obsolete.
3.	 Our digital products deliver completely new ben-

efits to customers.

AUTHOR BIOGRAPHIES

Robin Pesch is Senior Lecturer in International 
Management and Degree Programme Director in 
International Business Management at Newcastle 
University Business School. He holds a PhD in 
Business Administration from the University of 
Bayreuth, Germany. His research concentrates on 
global innovation alliances, digital innovation and 
transformation, and cross-cultural management. 
Robin has published in leading international jour-
nals such as the Global Strategy Journal, Journal 
of Business Research, and British Journal of 
Management.

Herbert Endres is Visiting Professor of Marketing 
& Innovation Management, University of 
Paderborn, Germany. He holds an MBA from the 
MSU, USA and a Diploma and a PhD in Business 
Administration from the University of Regensburg, 
Germany. Before Herbert Endres started his PhD, 
he had worked in leadership positions in market-
ing and innovation management in the industry 
for several years (e.g., for Nestlé SA). He has pub-
lished in leading international journals such as the 
Industrial Marketing Management and  regularly 
presents at the most renowned international con-
ferences. His recent research covers marketing in-
telligence, (digital) transformation management, 
sensing market opportunities and threats, market-
ing analytics, and digital innovation management.

Ricarda B. Bouncken is Distinguished Professor of 
Strategic Management and Organization, University 
of Bayreuth, Germany. Her research centers on how 
innovation within and among firms can be improved 
through strategic and organizational arrangements. 
In this vein she researches collaborative work-spaces 
among start-ups, corporates, and freelancers, partly 
as corporate venturing. Recent research covers digi-
tal innovation and its organizational underpinnings, 
e.g., organizational digital identity and digital em-
powerment. She is Associate Editor of the European 
Management Journal and the Review of Managerial 
Science and member of several review boards. She 
has published more than 200 articles, e.g., in the 
Journal of Service Research, Journal of Business 
Research, Long Range Planning, British Journal 
of Management, Global Strategy Journal and the 
Academy of Management Journal.

https://doi.org/10.1111/jpim.12609

