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Abstract

This paper examines how human and organizational factors need to be designed to achieve strong
technological maturity of either the products or the production process. In a fuzzy-set qualitative
comparative analysis (fs/fQCA), a combination of intensive training and strong worker participation is found
to be associated with strong technological maturity in the two organizational contexts: firms with a strong
entrepreneurial culture and in large firms oriented towards customer-oriented innovation. Overall, the paper
uncovers designs or causal recipes for a successful digital transformation.

Keywords: human-centred design, industry 4.0, performance indicators, digital maturity

1. Introduction

Most firms are grappling with “digital transformation”, the use of digital technologies to create benefits
along the entire value chain, and are striving for “digital maturity”, the desired endpoint of digital
transformation (Appelfeller and Feldmann, 2018; Steiber et al., 2021). In order to benchmark their
achievement, firms often participate in digital maturity models. They measure, via questionnaire surveys
among decision-makers, numerous indicators of human, organizational and technology dimensions of a
firm’s degree of digitalization (Berghaus and Back, 2016; Teichert, 2019). In this paper, we re-analyse
the data of a particular digital maturity model applying a design-oriented empirical method, namely
fs/IQCA — fuzzy-set qualitative comparative analysis (Ragin, 2000, 2008). We find that the outcome of a
firm’s strong technological maturity often results from two success paths: intensive training and strong
worker participation need to be combined either with a strong entrepreneurial culture or with
strongly customer-oriented innovation in larger firms. Overall, this paper responds to the fact that
decision-makers as well as researchers are overwhelmed by the “multifaceted complexity” of digital
maturity (Park et al., 2020) — numerous factors matter, and the success paths differ depending on firm
size and other organizational influences (Buer et al., 2021; Teo and King, 1997). The two frequent
designs found in this paper suggest that firms do not need to achieve maturity in each and every
dimension discussed in digital maturity models.

2. State of the art

Socio-technical system perspective: A successful digital transformation cannot be realized solely by
introducing innovative technologies and embedding them in the technical infrastructure. Employee
skills, processes and the underlying corporate structure must also be adapted to digitalization. Digital
transformation is therefore understood as a socio-technical challenge (Schnasse et al., 2020). Hobscheidt
et al. (2020) suggest a framework with various factors divided into three socio-technical dimensions.
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The human dimension consists in qualification, work tasks, collaboration and work structures; the
organization dimension in culture, processes and organization as well as knowledge; and the technology
dimension in automation, IT systems and data management. According to the socio-technical
understanding of systems, these dimensions and factors must be coordinated synergistically and
considered in equal measure in order to ensure the beneficial operation of digital technologies
(Hobscheidt et al., 2020). This implies that all factors need to be present for a company to achieve
digital maturity. This strong, maximalist hypothesis has been criticized. (Poppelbul® and Roglinger,
2011). It is unlikely that firms will achieve full maturity on all counts of the socio-economic framework.
It has been argued that multiple routes to digital transformation are possible and that these success paths
differ by firm size as well as other organizational and strategic factors (Buer et al., 2021; Eller et al.,
2020; Horvath and Szabo, 2019; Poppelbul and Réglinger, 2011; Teo and King, 1997). Furthermore,
some factors matter more than others. Human resource factors that secure employees skills’ and their
acceptance are considered key aspects (Kane, 2019; Arendt, 2008; Erol et al., 2016; Horvath and
Szabh6, 2019). Success paths also depend on whether a company’s process or its products and services
are to be digitalized (Lipsmeier, 2021).

There are numerous measurement models, termed digital maturity models, based on questionnaire
surveys among decision-makers in firms. The models assess a firm’s current state of digital maturity
and benchmark it against other firms and a target state. This comparison serves to uncover weaknesses
and to identify the relevant fields of action for digitalization (Berghaus and Back, 2016; Teichert,
2019; Schuh et al., 2020; Knospe et al., 2018). Most of these models reflect the maximalist hypothesis
mentioned above. Recent work, however, develops specific digital maturity models adapted to
particular contexts of industry or company size (Becker et al., 2009).

In sum, the literature agrees that digital transformation exposes firms to a complex challenge
involving multiple human, organizational and technological factors. The maximalist hypothesis,
according to which firms need to perform equally across all factors, has been considered unrealistic. It
is more likely that multiple paths to digital maturity will be successful but the literature has only begun
to identify the success paths that different types of firms adopt as appropriate.

3. Conceptual Framework

3.1. A multiplicity approach

This paper adopts the multiplicity framework developed by Park et al. (2020). The multiple factors
involved in digital transformation are covered by different theories; this is what Park et al. (2020) term
“theoretical multiplicity”. In addition, these factors often interact in complex ways in bringing about
digital maturity, a situation the authors call “configurational multiplicity”. For example, human and
organizational capital are argued to be mutually reinforcing in supporting the digitalization process
(Schneider, 2018). The multiplicity framework suggests fs/QCA as an analytic method. The fs/QCA
method examines on real-world data how an outcome is brought about by a number of conditions
(Ragin, 2008). The method is better suited than statistical models to come to grips with complexity
and multiplicity (Park et al., 2020; Fiss, 2011; Misangyi et al., 2017; Ragin, 2008). Specifically, this
paper asks: Which combinations of factors bring about digital technological maturity and which
factors do not count at all? In Section 3.2, technological maturity is defined in two dimensions and
these are suggested as the outcome of digital transformation that need to be explained. In Section 3.3,
the most important factors that likely contribute to lead to technological maturity are identified.
Finally, in Section 3.4, it is speculated how the conditions combine to bring about the outcome.

3.2. Outcomes to be explained

A successful digital transformation means that companies have adopted advanced digital technologies
and have integrated them successfully into their operations. Hence, the measure of digital maturity that
is to be explained is a company’s strong technological maturity. It is important to distinguish between
two different areas in which firms can adopt such technologies (Lipsmeier, 2021).
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Technological maturity of products (PRODUCT): Digital transformation offers a large potential for
increasing the utility of products. The digital maturity of a product is characterized by various criteria.
For example, a digital product is capable of collecting data via sensors, influencing physical processes
via actuators and independently processing information between sensors and actuators. Such
technologies are termed “cyber-physical systems”, defined as open socio-technical systems that use
globally available data and services and are controlled via multimodal human-machine interfaces
(Geisberger and Broy, 2012; Kagermann et al., 2013).

Technological maturity of production (PRODUCTION): The solutions of digitalization unleash their
productivity-enhancing effect primarily in production processes. The digital maturity of production is
characterized by a variety of criteria. These include the networking of processes and resources along the
internal and external value chain, the linking of technical processes with business processes,
digitalization of development processes along the value chain and the degree of interaction between
humans and machines. The extent to which internal production is digitized also depends on the type and
scope of operational data collected and the use of assistance systems in production (Kagermann et al.,
2013).

3.3. The factorial logic: Key explanatory factors

The socio-technical framework distinguishes organizational and human factors, in line with the idea
that organizational and human capital are restraining factors for the successful implementation of
digital technology (Brynjolfsson and McAfee, 2014). Importantly, organizational factors refer to
strategic properties and organizational contexts that may be more or less supportive for digital
transformation; they can be considered remote conditions, which cannot be changed easily in the short
run (Schneider and Wagemann, 2006). Human factors such as skills and work practices can be
considered proximate conditions; they are closer to the outcome to be explained (Schneider and
Wagemann, 2006). Especially non-tayloristic or “holistic” work practices have been described as
complementary to digital transformation (Schneider, 2018; Lindbeck and Snower, 2000).

Organizational factors

Company size (SIZE) is a major organizational factor. Studies show that smaller companies have a lower
level of digital maturity on average (OECD, 2021). Reasons for this often include a lack of internal
resources, a lack of awareness, skill gaps, or funding issues. In order to identify and overcome these
hurdles, some research focuses on the digitalization of small and medium-sized enterprises (Eller et al.,
2020; Bouwman et al., 2019; Arendt, 2008) and some digital maturity models are explicitly aimed at
these enterprises (Kuusisto et al., 2021; Virkkala et al., 2020; Kljaji¢ Borstnar and Pucihar, 2021).

The substance of a customer-oriented innovation strategy (CO-INNOVATION) is to perform
“innovation with customers” (Desouza et al., 2008). Customers are involved in the process to better
meet their requirements and integrate them quickly. The focus on the consumer is considered a
decisive strategy for success in times of digital transformation (Goran et al., 2017).

Entrepreneurial culture (E-SPIRIT): Entrepreneurial culture is part of the corporate culture. In
companies with an offensive innovation strategy, the culture is characterized, for example, by a high
level of intrinsic motivation among employees and a management style with an error-forgiving
culture. This type of culture or spirit is considered to be particularly conducive to innovation and thus
promising in times of digital transformation (Schaefer et al., 2017).

Human factors

Lindbeck and Snower (2000) termed “holistic” work practices as indicating a move away from
tayloristic work. Holistic work is more varied, employees receive more training, they are able to
participate in traditionally managerial decisions and they are more autonomous in organizing their own
work. Each of these practices has been considered as conducive to digital transformation (Schneider,
2018).

Job autonomy (AUTONOMY) represents an opportunity for employees to organize their work
independently. Autonomous employees are allowed to shape time planning, to choose work tools and
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procedures and to make decisions without consulting management. A high level of employee
autonomy might exert a positive effect on digitalization processes, as it promotes acceptance of
change processes (Gagne et al., 2000).

Participation (PARTICIPATION) refers to opportunities for workers to actively participate in shaping
work-related processes. Motivation through participation helps to overcome defensive forces such as
resistance against introducing new technologies and the associated adaptation of work processes (Gagne
et al., 2000). Involving employees requires considerable trust on the part of the employer but is connected
with better engagement (Wohlgemuth et al., 2019). Organizations with highly engaged employees
experience increased customer satisfaction, profits and employee productivity (Osborne and Hammoud,
2017).

Training (TRAINING) is one of the most important means of adapting employees’ skills to the
changed working conditions and tasks resulting from digitalization (OECD, 2019; Janssen et al.,
2018). Companies with systematically designed and regular training programs can thus be superior to
companies with isolated and unsystematic training concepts when it comes to digitalization.

Variety (VARIETY) refers to the degree to which employees conduct more than one task. A high
degree of job variety is also likely to increase technological maturity at the firm level (Lindbeck and
Snower, 2000). Employees with more varied jobs are familiar with the process and are able to
contribute to implementing new technology.

3.4. The combinatorial logic: Causal recipes as combinations of conditions

The fs/QCA examines multiplicity by identifying necessary and sufficient conditions. Usually, not a
single condition but a combination of conditions is found to be sufficiently linked to an outcome.
Sufficiency means: When the combination is present, the outcome will also be present. The maximalist
hypothesis of digital maturity models implies that each and every condition needs to be present for a
positive outcome to occur. In other words, the only combination sufficient for technological maturity
involves the presence of all causal conditions. The maximalist approach also implies that each and every
conditions alone will be necessary. Necessity means: When the outcome is present, the condition will also
be present. Overall, there seems to be only one success path to strong technological maturity involving the
presence of all conditions.

Such strong synergies are unlikely to hold, as Section 2 has illustrated. Then, more than one combination
of conditions or success path will exist for each outcome, and each will consist of a limited number of
conditions while other conditions are irrelevant for bringing about the outcome. Given the number of
conditions and two outcomes, it is almost impossible to formulate exact theoretical expectations. Hence
the analysis in this paper is abductive (Park et al., 2020). Based on the factors we have identified, the
fs/IQCA yields empirical patterns of sufficiency. These will be used to formulate a new hypothesis that
elaborates on, and possibly deviates from, the maximalist benchmark hypothesis.

In sum, the conceptual framework differs from the way in which digital maturity models have been
utilized in the past. First, rather than treating the factors as equivalent components of digital maturity, a
causal link between the factors is assumed: some organizational factors along with human factors bring
about technological maturity. Second, the method of fs/QCA is applied to identify multiple successful
paths to technological maturity, each consisting of a limited number of organizational and human factors.

4, Methods

4.1. Data and the fs/QCA analytic

Data from one particular digital maturity model was re-analysed for the purpose of this paper. The
data come from a questionnaire survey that had been set up in the context of the research project
INLUMIA — Instruments for Improving the Performance of Companies through Industry 4.0 was re-
analysed (Knospe et al., 2018). In INLUMIA, a questionnaire survey had been implemented on the
project’s homepage and distributed at various events in the course of the project. It was taken by
approximately 150 respondents who worked in German companies from various sectors with a clear
majority in manufacturing. Of these, 109 questionnaires were available for analysis for this paper. A total
of 33 indicators, each comprising four levels, were included in the survey to measure digital maturity.
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The fs/QCA method is based on set theory and Boolean algebra and proceeds through various
stages, which cannot be fully explained here but are described at length in standard textbooks (Ragin,
2008; Schneider and Wagemann, 2012). First, raw values are “calibrated” into fuzzy-set values
ranging from 0 to 1. Second, necessary conditions are analysed. A condition is necessary when, for
each case (i.e. for each firm), the value of the condition exceeds or is equal to the value for the
outcome. Third, a truth table is set up. It consists for each condition of crisp-set values, i.e. the values
of 1 and 0 indicating whether element is more a member of a set or not. The combination of crisp-set
conditions define a number of ideal types. Fourth, based on the truth table, a sufficiency analysis is
conducted. Sufficiency means that the fuzzy-set value of the outcome is larger than or at least equal to
the fuzzy-set value of the condition. This must be true for all (or in practice, most) empirical cases.
The fuzzy-set value for each case in each condition is given by the minimum of all fuzzy-set values
across all conditions of an ideal type. Fifth, the Boolean expression of ideal types that are found to be
sufficient is minimized to a shorter expression. The resulting expression usually includes multiple
combinations of conditions, each of which represents one success paths to the outcome.

In the conceptual framework, organizational factors were considered as remote conditions, and human
factors as proximate conditions. Both types of factors were analysed in separate fs/QCA models,
adopting the two-step approach developed by Schneider and Wagemann (2006). In a first step, the
three organizational or remote conditions were included in an fsS/QCA. This yielded two combinations
that tend to sufficiently explain the outcome. The observed cases with positive fuzzy-set values in
these combinations were then retained for analysis in the second step: an fs/fQCA with the four work
practices considered as proximate conditions.

4.2. Measures and calibration

The calibration process was conducted following standard procedures (Ragin, 2008). Setting the
crossover point 0.5 is essential: Cases with values above 0,5 are considered as cases more in than out
of the set. For example, a fuzzy-set value of 0.6 for a particular firm’s technological maturity of
products implies that the firm achieved considerable though not full maturity.

For the two outcomes, the raw data consisted of multiple single items each measured on four-point
scales. The mean of the values were taken and then calibrated applying the so-called direct method
(Ragin, 2008, pp. 87-94). Here a curvilinear relation between raw values and fuzzy-set values is
derived. The shape of the function is defined by three anchors: raw values that indicate full non-
membership and full membership in the set as well as a crossover point. For the two outcomes ranging
from values of 1 to 4, the anchors were set at 1.5, 2.9 and 2.0, respectively. A crossover point at 2.0
implies that a firm was considered technologically more mature than not when it achieved a value of 3
(out of 4) in at least one of the items included in the multi-item measure. Setting a higher crossover
point would be inappropriate because the value of 4 described an end state of digital transformation
which hardly any firm acquired already. Other digital maturity models are defined on a five-point
scale (Kagermann et al., 2013); the calibration chosen here is roughly equivalent to a value of around
3 in that scale. The value representing the existence of digital maturity must therefore be selected on a
case-by-case basis, taking into account the scale of the maturity model used.

Calibration of the seven conditions differed from that of the outcomes. Raw data for each condition was
defined by a single item ranging 1 to 4. The values were calibrated in a straightforward way such that a
raw value of 1 was assigned a value of 0.0, 2 was assigned a 0.25, 3 was assigned a 0.75, and 4 was
assigned a 1.0. This implied that conditions were calibrated slightly more strictly than the outcomes. If
we compare our measurement of conditions to the maturity model of (Kagermann et al., 2013), the
values of 0.75 and 1 are more or less equivalent to the values of 4 and 5 in that model.

5. Findings

5.1. Analysis of necessity and sufficiency

In the necessity analysis, none of the seven conditions was found to be necessary for strong
technological maturity in either of the two outcomes. This is an important finding that contradicts the
maximalist hypothesis, which claims that all conditions should be necessary.
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In a first step of the sufficiency analysis in fs/QCA, it was analysed how the two outcomes are related
to the three remote conditions. The analysis yielded two organizational contexts in which firms often
achieve technological maturity. A strong entrepreneurial spirit (E-SPIRIT) alone was found to be
sufficient for technological maturity. Similarly, large firms that strongly pursue customer-oriented
innovation (SIZE combined with CO-INNOVATION) also describe a combination sufficient for
technological maturity. This finding is identical for both outcomes, and 43 out of the 109 firms share
one of these organizational contexts or both.

In a second step, these 43 cases were analysed in an fsS/QCA with four holistic work practices as
conditions. The findings are summarized in figure 1 and 2.

Digital maturity of
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Empty Cell: Irrelevance of a condition

Figure 1. Second-step solution for outcome digital maturity of the products
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Figure 2. Second-step solution for the outcome digital maturity of the production

L All calculations were made with the QCA package for R provided by Dusa (2018) and followed the
state-of-the art protocol summarized in Schneider and Wagemann (2012). Truth tables, details of

model choice and goodness of fit cannot be reported here for lack of space but will be provided by the
authors on request.
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For the outcome of technological maturity of products, two success paths emerged. Path 1 contains
firms with strong PARTICIPATION and strong TRAINING. This combination was found to be
sufficient for the outcome, whereas AUTONOMY and VARIETY were found to be irrelevant. Hence,
even with low levels of these latter conditions, firms may achieve strong technological maturity of
products. Success path 1 is followed by 11 out of 43 firms included in the analysis. Success path 2
only covers 3 firms. It combines strong TRAINING and strong AUTONOMY with the absence of
strong PARTIPATION, with VARIETY being irrelevant.

Findings for strong technological maturity of production, reported in Figure 2, are more varied
suggesting five different success paths. The paths 2 to 5 are highly divergent and each cover 2 to 5
firms only. Success path 1 covers 11 firms and is identical with success path 1 in Figure 1. Hence,
(PARTICIPATION combined with TRAINING) was found to be successful for both outcomes of
technological maturity given the supportive organizational circumstances.

5.2. From a maximalist to a new hypothesis

Both the analysis of necessity and of sufficiency in the previous section provides strong evidence
against the maximalist hypothesis. None of the conditions was found necessary. Furthermore, a whole
range of combinations of conditions was found to be sufficient for technological maturity. The many
success paths uncovered by the fs/QCA findings differed strongly, and they cannot all be summarized
in a simple new hypothesis or clear recipe for firms. However, in terms of frequency, the fs/QCA has
produced a key finding that can be summarized in a new hypothesis: Firms with favourable
organizational conditions (SIZE combined with CO-INNOVATION; or E-SPIRIT) often show high
technological maturity — but only when they also invest in training and at the same time grant their
employees strong participation. It is plausible that (PARTICIPATION combined with TRAINING) is
often involved in successful digital transformation: The combination indicates that a firm prepares
their employees for digital transformation by enhancing their skills (through training) and by granting
them opportunities to apply their skills and contribute to the digital transformation process (through
participation). These practices apparently matter more for a successful digital transformation than the
design of particular jobs, which is covered by the two less important practices VARIETY and
AUTONOMY.

To summarize the main findings of the paper, Figure 3 juxtaposes the maximalist hypothesis with
this new hypothesis represented by success paths 1 and 2.

Digital maturity of production
Presence, Absence and Irrelevance of con- Ll i oL
ditions for the maximalist hypothesis (theory) = o
compared to identified success paths (fin- 52 e _ e
dings) to reach digital maturity of production E £x| 8 "g’, 2 "E’;
=4 Q /]
and product. x28| 8% 8%
8 >c 35 E 5 E
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S |Participation

8

S |Training

g

T |Variety
g « | Company size
L Cc
w2 ) . .
g 5 | Customer-oriented innovation strategy
S 5
o © Entrepreneurial culture

: Presence of a condition; 3 : Absence of a condition;
Empty Cell: Irrelevance of a condition

Figure 3. Maximalist vs. new hypothesis for successful digitalization of the product and production
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Note that the maximalist hypothesis does not contradict the new one. The maximalist solution term in
Figure 3 is a subset of both success path 1 and of 2 in the new hypothesis. In other words: When all
organizational and human factors are present, this will be sufficient for a positive outcome but firms
do not need to adopt all seven organizational and human factors.

6. Conclusions

The paper started out with a maximalist hypothesis, in which each and every organizational and
human factor needs to be present. In light of the paper, the hypothesis should be overcome by a
view in which firms can transform themselves to digital maturity through strongly divergent
paths. The most frequents paths were summarized in a new hypothesis, from which several
implications follow. For example, smaller firms can achieve technological maturity when they
practice a strong entrepreneurial culture. Furthermore, intensive training and strong employee
participation are frequently combined in firms achieving technological maturity.

This paper focused on one particular digital maturity model. Future studies should extend the analysis to
other such benchmarking studies from heterogeneous contexts and with possibly larger sample sizes. An
extended analysis could help to test and further elaborate the new hypothesis presented in this paper. The
multiplicity framework including the fs/QCA has proved to be highly suitable for the empirical analysis;
it can act as an analytic funnel to identify key factors and their combinations. Future studies should also
focus on longitudinal analysis as well as data involving various informants and combining firm- and
worker-level information. This is because the cross-sectional INLUMIA data are based on information
from one respondent and therefore did not allow us to establish whether the key design elements really
cause technological maturity.
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