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Abstract
Digital transformation (DT) is an emergent concept with definitions and measurements 
as a work in progress. During nearly two decades of growing interest in the concept, 
studies in both industry and academia created different scales and indices to measure 
DT, using varying conceptualizations and coming up with different underlying 
dimensions and indicators. The aim of this paper is to take stock of this growing body 
of work through a systematic review in order to first determine dimensions and 
indicators of an encompassing DT index, and then identify the contemporary change in 
underlying dimensions of DT. After reviewing 164 research articles on DT measurement 
in the first phase, we have identified 80 indicators falling under 14 different 
dimensions. In the second phase, we have compared our results with scales commonly 
used in the field and identified several emergent dimensions, such as cyber security, 
investment and finance operations, and partnerships. Emergence of these 
contemporary dimensions indicate an ‘extrovert’ shift in DT concept which is extending 
beyond organizational boundaries, with important implications regarding how 
businesses strategize and take action in today’s DT driven business environment.

Keywords: digital transformation, formative index development, business 
organizations, Industry 4.0

1. Introduction
Digital transformation (DT) has emerged from its original cocoon of large-scale 
manufacturing firms in developed countries, reaching the forefront of strategy for 
many organizations beyond that niche. While it is becoming an important driver of 
competitive advantage(Drath and Horch, 2014; Leão and Da Silva, 2021) it is an evolving 
phenomena and its“impacts on firms' competitiveness present a complex and wide 
range of results” (Leão and Da Silva, 2021). 
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With DTs emergent prominence in competitiveness, DT measurement is becoming vital 
as its assessment becomes an important pillar of strategy (Kontić and Vidicki, 2018). 
However, definition and measurement of this evolving phenomena remain a work in 
progress. Major global consultancy firms and government-supported initiatives to 
model and measure DT each have had their own interpretations, resulting in a variety 
of measurement schemes to assess the digital transformation process of organizations, 
especially of manufacturing firms. A brief glance at the research and practice around 
DT measurement highlights a void of consensus regarding its ‘dimensions’ 
(Schumacher et al., 2016), a term commonly used in the related literature for referring 
to bundles of DT indicators. For the most part, these attempts are based on a priori 
categories of organizational qualities taken from broader management experience, 
such as organizational, strategic, process or supply chain management related factors, 
in addition to technological factors.  Consequently, a growing body of research focuses 
on DT measurement, including valuable reviews which attempt to consolidate the 
experiences in this literature (e.g. Vial, 2019) and empirical studies aiming to identify a 
suitable set of DT dimensions and metrics (e.g. Mergel et al., 2019). 

Our study aims to contribute to a better understanding of DT for business 
organizations by uncovering the changes in its understanding in the field. To this end 
we follow a two stage research design. In the first stage, we take stock of the DT 
measurement literature and,  applying an appropriate angle in DT measurement scale 
development, we develop a contemporary DT index. Following this, in the second stage, 
we identify the changing pillars of DT by contrasting this newly developed index with 
earlier ones commonly employed in the field practice. The paper explores how the 
changes we identified with this process holistically highlight a broad turn in DT which 
extends from its originally intra-organizational focus to an extroverted one that 
involves cross-boundary processes and technologies reaching out to external 
stakeholders, introducing a whole new range of issues for theory and practice of DT. 

Underlying our first stage is a distinction between reflective and formative scale 
development (Diamantopoulos and Winklhofer, 2001; Jarvis et al., 2003).  This 
distinction concerns the nature of the phenomenon which is the subject of any 
measurement. In some cases, there is a latent entity to be measured, which requires a 
‘reflective’ methodology to measure its manifestations using appropriate indicators. 
Such an approach is appropriate, for example, in the case of measuring customer 
satisfaction or organizational culture, where the underlying construct ‘exists’ in a 
person’s mind, or in the beliefs of the organization’s members, and it is reflected in 
indicators measured using survey questions. In other cases, however, the targeted 
construct is not an independent entity, but it is a ‘formed’ from indicators, rather than 
being reflected by them; i.e. it is defined by the indicators rather than underlying them. 
This is the case, for example, when measuring an individual’s socio-economic status 
‘formed’ from indicators such as income, neighborhood, and residence. While 
developing measurements in the social sciences, the distinction between reflective and 
formative scales is often overlooked (Diamantopoulos and Winklhofer, 2001; Jarvis et 



al., 2003). In most organizational studies, researchers assume the former, reflective 
methodology even when inappropriate, resulting in major flaws in scale development 
due to very different developmental and analytical procedures behind each of the two 
assumptions (Diamantopoulos and Siguaw, 2006). Here we subscribe to the conviction 
that measurement of DT is a case of the latter type. Conceptually digital transformation 
of a business organization is not an inherent construct, unlike, for example, 
organizational culture. Within this perspective, our study attempts to deliver a 
formative index for digital transformation of business organizations. We achieve this 
via a systematic literature review to find the ‘contemporary’ set of indicators underlying 
DT and then applying analytical procedures for scale validation according to formative 
index development methodology. 

On the other hand, any effort to establish a DT measurement scale should be 
considered in vain, and that the resulting scale is transient. This is because DT is an 
evolving concept and does not have ‘natural’ constituents that can be discovered, nor 
dimensions that can classify these constituents. As the practitioner's interest and 
experiences with DT continue to spread into new realms, its constituents will keep 
evolving, eroding the validity of existing scales. Thus, the nature of DT measurement 
entails a rolling, rather than a fixed definition of DT, at least for the foreseeable future. 
Consequently, our second and ultimate aim in this study is to consider these 
developments and chart the changes during the last decade, by comparing 
constituents in our contemporary scale with those from the past common practice. 

In the following section we first review the literature to identify variations in DT 
measurement experiences and scale development methodologies. The third section 
explains our research design and methodology for the two stages: developing a 
formative index and then identifying the shifts in DT. Section four summarizes our 
findings on emergent dimensions of DT, followed by a section discussing the 
implications of our findings, and a concluding section on limitations of the study and 
future research directions. 

2. Theoretical Backdrop: What constitutes 
Digital Transformation and how to find it?
Despite the growing interest in DT, its definition and consequently its measurement is 
considered a work in progress, and intermingled with other concepts (Vial, 2019; Gong 
and Ribière, 2021; Hanelt et al., 2020). The concept of DT is often used ambiguously and 
interchangeably with concepts such as digitization, digitalization, and Industry 4.0 
(Hermann et al., 2016; Rojko, 2017; Gadre and Deoskar, 2020; Leão and Da Silva, 2021). 
On a general level, Industry 4.0 is considered as a ‘desirable state of industrial firms’ 
based on technologies, characteristics, and outcomes (Culot et al., 2020), whereas DT is 
a broader process leading to such end states regardless of the type of organizations. 
Business value creation and use of technology are often emphasized as two of its 



defining features (Mergel et al., 2019; Morakanyane et al., 2017; Osmundsen et al., 
2018; Gong and Ribière, 2021). To avoid conceptual ambiguity, we adopt a simplified 
cross between Morakanyane et al. (2017) and Gong and Ribière (2021), and hereupon 
define DT as “an organizational change process that leverages digital technologies to 
create value”. 

As the interest in DT has grown in recent decades, there have been various attempts to 
define and measure it. These attempts to disambiguate the concept have employed 
multiple dimensions and concrete indicators to develop scales for measuring and 
monitoring DT. Some of these are motivated by scientific interest in a more substantial 
understanding of DT, whereas others are practice led, aiming  to provide tools for 
monitoring and managing DT at the business organization level. Our study is also 
confined to measurement of DT at the business organization level. Furthermore, we 
subscribe to the notion that each of these attempts to disambiguate DT is a piece of the 
puzzle, which holistically reflects our collective understanding of DT. The wide range of 
dimensions and indicators in this evolving collective effort prompts a need to take stock 
and reflect upon the changing nature of our collective understanding of DT.

The first subsection below summarizes measurements from both industry and the 
academic literature to lay out commonalities, differences, and shortcomings. The 
second subsection presents an overview of measurement methodologies, with the aim 
of identifying the appropriate methodology for measuring the DT phenomenon.

2.1. DT measurement landscape
Many measurement models to assess digital transformation were developed in the 
previous decade (Lichtblau et al., 2015; Geissbauer et al., 2016; Pacchini et al., 2019; 
Schumacher et al., 2016; Berghaus and Bäck, 2016; Nwankpa and Roumani, 2016). 
These works evolved against the background of an emergent topic, resulting in limited 
convergence in their disambiguation (Pacchini et al., 2019; Schumacher et al., 2016). 
Nevertheless, these models, mostly from the last decade, became popular among 
practitioners and contributed considerably to navigating an important and emerging 
phenomena by businesses, but each with their own take on the question of ‘what 
constitutes DT?’. The diverse range of dimensions used in those models to answer that 
question include companies' digital transformation strategy, organizational structure 
and culture, technology (information technologies, production systems), employees, 
leadership, products, customers and customer experiences, and transactions; with each 
dimension further broken down into concrete indicators to measure it.  As the field 
practice increasingly demanded assessment tools for digital transformation, it is not 
surprising that multiple models and corresponding tools have been introduced in a 
relatively short period. 

These models, originating from either industry or academia, vary in their use of 
terminology, scope, dimensions, and indicators for measurement. For example, the 
IMPULS Readiness Model (Lichtblau et al., 2015), a government and industry joint effort 



from Germany, focused more on manufacturing processes with limited emphasis on 
organizational factors, whereas the PricewaterhouseCoopers (PwC) Maturity Model 
(Geissbauer et al., 2016), from a prominent consultancy firm, emphasizes digital 
business models, customer issues and such, with relatively less emphasis on 
manufacturing processes. Similar to this example comparison, significant variety is 
visible across these DT models popular among practitioners. Considering the fact that 
these models are targeting the same segment of -manufacturing industry- businesses, 
such differences firstly highlight a business DT landscape in which practitioners face a 
choice of DT measurement models and tools each of which is rooted in a significantly 
different answer to the question of ‘what constitutes DT?’. This landscape firstly 
indicates a lack of common understanding of DT. Secondly, as DT is not a ‘natural’ 
phenomenon but rather our -supposedly shared- conceptualization, the concept itself 
keeps evolving and thus prompts as assessment of what has changed over a decade 
after proliferation of those first generation of DT measurement models. 

2.2. Differences in measurement methods
The first issue above highlights differences in how we approach the question of what 
constitutes DT? Most DT measurement attempts seem to be indifferent to 
methodological consequences of how they conceptualize DT, making a practice-driven 
distinction between “readiness” versus “maturity”, a distinction which is often sluggish 
and fails to extend to measurement methodologies. Berghaus and Bäck (2016)’s study, 
for example, focuses on maturity, whereas the dimensions they use include, among 
others, various factors such as organizational agility, culture, and management support 
that underlie digital transformation rather than being its outcome. These dimensions 
are little different from, for example, an Industry 4.0 “readiness” scale developed at the 
University of Warwick (Agca et al., 2015), or tools developed by private sector groups, 
such as Gill et al.’s Digital Maturity Model (Gill et al., 2016). A government driven 
example for measuring Industry 4.0 (IMPULS) is an example noted for its consistency in 
its focus on material manifestations of firm digitalization, apart from being labeled as a 
“readiness” model rather than a maturity model. Some of these modeling attempts are 
positioned as tools for assessment of DT readiness, others for DT maturity, while yet 
others avoid the distinction. Readiness indicates the enterprise’s level of preparedness 
for the development process, and maturity, its level of progress in this process; 
however, it has been observed that they are sometimes used interchangeably in the 
studies in the literature.

Apart from confusion over the labels of readiness and maturity, there is a deeper 
methodological issue here. The scale development literature calls for a distinction 
between two types of scales, each corresponding to different conceptualizations of the 
construct measured, and each requiring different statistical procedures (Jarvis et al., 
2003). In cases where measures are dependent on latent constructs, reflexive scale 
methods are needed. This type of research design is so widely presumed that most 



researchers adopt this approach, even when inappropriate (Jarvis et al., 2003). In other 
cases, the construct does not exist independently, but rather, is defined by the 
measures, i.e., it is an index, and this calls for formative methods. There are attempts in 
the literature to clarify the conditions for deciding the direction of causality (e.g. 
Edwards and Bagozzi, 2000).

An example of a proper reflective scale design is Crosby and Stephens (1987). Their 
marketing research aims to measure customer satisfaction resulting from the sales 
force’s relationship management efforts. In such an example, the assumed direction of 
causality is from the latent core constructs to measures, as shown in Figure 1. There 
may be constructs in the middle (C1-through-C3 in the figure) which are different 
dimensions of a core, or thematic constructs. Regardless, each construct is measured 
with one or more measurable indicators (M1-through-M4 in the figure).

Figure 1: Causality direction in reflective scales

In contrast, defining a construct such as socio-economic status depends on the use of 
certain indicators (Hauser and Goldberger, 1971). Similarly, the human development 
index does not exist as a ‘natural’ entity, but is defined as a composite outcome of 
health, education, and income (Coltman et al., 2008). In these cases, the direction of 
causality is reversed, as depicted in Figure 2, in which measurements are collected 
under several constructs, which in turn, underlie an overall construct of interest. Such 
formative constructs are often called indices (Diamantopoulos et al., 2008).



Figure 2: Causality direction in formative scales

Compared with these examples, we contend that DT is a formative construct. It is not a 
concept which has an independent existence inside the firm (in the way that customer 
satisfaction does in a customer), and which can  be measured from its manifestations. 
Instead, it is a concept we are attempting to define through its constituting elements 
(such as social status or human development index in other examples). These two 
different construct types require different measurement scale design and rely on 
different statistical procedures for validation (Coltman et al., 2008; Diamantopoulos and 
Winklhofer, 2001).

Reviewing the DT measurement models in the previous section, we see rather limited 
discussion on measurement methodology. Berghaus and Bäck’s (2016), Digital Maturity 
Model, for example, is implicitly, not explicitly, understood to apply a formative 
measurement approach. In contrast, the implicit assumption in most of the other the 
DT measurement models are of a reflective kind. It is important that digital 
transformation should not be measured reflectively. First, DT lacks a clear and 
unambiguous definition. Distinct indicators define DT characteristics, and a change in 
these would cause changes in DT construct, rather than the other way around. In fact, it 
is the concrete indicators used to substantiate DT which defines the concept. That 
means these indicators are not interchangeable, and if any of these increase, DT would 
increase; however, an increase in DT would not cause an increase in all indicators. 
Therefore, all related indicators used to define DT need to be comprehensively 
identified in order to delineate the construct’s conceptual domain (Jarvis et al., 2003). 
For this reason, the indicators and sub-constructs must be systematically determined 
and must be complete. Unlike reflective measurement, where a limited number of 
indicators that reflect an underlying construct may be sufficient, a formative construct 
is only complete when all underlying indicators are determined systematically 
(Diamantopoulos and Winklhofer, 2001). Berghaus and Bäck’s (2016), Digital Maturity 



Model, for example, is also problematic in this regard, since its indicator survey, while 
seemingly impressive and complete, is in fact an ad hoc combination of findings from 
several methods. 

A sound measurement approach would enable one to approach the second research 
aim mentioned above: if one is able to capture the contemporary common 
understanding of DT in a formative index, it would be possible to chart the changes in 
our understanding of DT by comparing it to measurement models from the past.

3. Research Methodology and Data
Our research goal leads to a two phase research design, whose first phase is a 
systematic review to identify DT indicators and dimensions and second phase is 
identifying emergent dimensions by comparison to widely used DT measurement 
frameworks. 

In the first phase DT is taken as a formative construct in our approach, and the 
underpinning indicators to measure it are determined by a comprehensive systematic 
literature review (Diamantopoulos and Winklhofer, 2001; Jarvis et al., 2003). This is 
followed by identifying main dimensions underlying these indicators. The last step of 
this phase is a pilot study and statistical tests to identify and eliminate repetitive 
indicators (Diamantopoulos et al., 2008). These steps in the first phase are depicted in 
the upper part of Figure 3 and detailed in section 3.1 below. 



Following the first phase we return to comparing its results to DT measurement 
frameworks commonly employed in the practice to identify changing pillars of DT. The 
procedure for doing so is depicted in the lower part of Figure 3 and described in section 

3.2 further below. 

Figure 3: Overview of research design

3.1. Systematic review and index development
Following  the systematic literature review methodology from Tranfield et al. (2003b) 
we have first selected  the relevant literature from Web of Science (WoS). After several 
rounds of scoping we have ended up with a corpus of 164 journal articles published 
between 2003 and 2021 (most of them after 2018), that focus on measuring some 
aspect of digital transformation or Industry 4.0 in business organizations. With the 
selected works, we conducted a systematic reading to determine the measurement 
indicators used in these studies. A total of 1656 first order indicators identified in the 
whole corpus are later generalized through second and third order groupings to 
reduce the number of indicators down to 85 while keeping their coverage of the 
phenomena. An extract of this coding procedure is given in columns 1-through-3 of 
Table 1. 



In the second step of this phase two researchers reviewed the indicators list and 
collectively created a list of 14 dimensions under which these indicators may be 
grouped into. Then, they independently classified the indicators to these dimensions, 
as exemplified in the last column of Table 1. To ensure reliability, inter-rater agreement 
(IRA) was measured and a value of 95% indicated an acceptable reliability of the 
classification process. The differences were resolved through discussion and mutual 
agreement. Later, the indicators were transformed into phrases to facilitate their use in 
a survey.

Table 1: A sample extract from DT indicators coding and grouping under dimensions

First order indicator 
and source in the 
literature

Second order 
group

Third order 
group

Final dimension & 
survey phrase

* Using RFID scanners 
that would bring the 
products to life on a 
screen (Hansen and 
Kien, 2015)
* RFID & RTLS are 
used for Data 
Acquisition (Saad et 
al., 2021)

Using RFID 
technology

Technological 
resources

Dim.13 
Technological 
resources, Q17: 
“Traceability 
technologies are 
available”

Availability of 
investments – to 
boost ICT 
(information and 
communication 
technologies) 
infrastructure (Roy 
and Upadhyay, 2017)

Having adequate 
financial resources 
for digitalization

Financial 
resources

Dim.12 Strategy, Q7: 
“Company provides 
investment and 
financial support for 
digitalization”

In the third and last step of this phase we have conducted a pilot study using the survey 
created, and collected 29 responses from a convenience sample of businesses in our 
region. This step is necessary to check the index for indicator collinearity and external 
validity (Diamantopoulos and Winklhofer, 2001; Diamantopoulos et al., 2008). 
Measurement methodologies rely on variance inflation factor (VIF) to determine any 
collinearity and eliminate some indicators. A VIF cut-off value of VIF>10 is 
recommended for this purpose (Diamantopoulos et al., 2008). When collinearity is 
detected, the two indicators should be merged. In addition to indicator refinement, the 
index needs to be reviewed for external validity. Thus, the pilot survey included two 
reflective constructs that measure consequences of digital transformation: Innovation 
and firm performance; both of which are positively affected by digital transformation 
(Nwankpa and Roumani, 2016). The inclusion of such reflexive constructs in the pilot 
survey made it possible to assess external validity of the refined index by using multiple 



indicators and multiple causes (MIMIC) model (Hauser and Goldberger, 1971; Jöreskog 
and Goldberger, 1975; Diamantopulos and Winklhofer, 2001). The MIMIC model is fitted 
using both formative and reflective indicators, and goodness of fit is measured using 
root mean square error of approximation (RMSEA) to assess external validity of the 
model.

3.2. Identifying the changing pillars 
As the field practice increasingly demanded assessment tools for digital 
transformation, multiple measurement scales have been introduced in the last 
decades. These models, originating from either industry or academia, vary in their use 
of terminology, scope, dimensions, and indicators for measurement. There is no 
registry of such scales, to our best knowledge. Therefore, we rely on our field 
knowledge to select a sample of DT scales that represent the common 
conceptualization in the field. We based our selection on the following criteria: (1) each 
scale provides a clear set of dimensions, (2) each scale was specifically intended for 
measuring DT in business organizations, (3) each scale targets a variety of industries 
and firm sizes, and (4) there is variety in terms of industry and academia originated 
scales in the sample. We include well-known ones of industry and consultancy origin, 
along with a smaller number of highly-cited ones from the academic literature. With 
this approach we have settled on six DT measurement scales, often called ‘models’, for 
our review in this phase:

1. IMPULS Readiness Model (Lichtblau et al., 2015): This model has its origins in 
industry and was approved by the German Engineering Federation. It targets 
larger businesses rather than small and medium enterprises (SMEs).

2. PricewaterhouseCoopers (PwC) Maturity Model (Geissbauer et al., 2016): This is 
another industry origin model from a prominent consultancy firm. It mainly 
focuses on digitalization strategies. Although it aims to cover all sectors and firm 
sizes, it is generally less suitable for SMEs. 

3. Industry 4.0 Maturity Model (Schumacher et al., 2016): This model is from 
academia and targets enterprises engaged in production. The model was 
developed to measure the readiness level specifically of SMEs for Industry 4.0 
technologies (Mittal et al., 2018).

4. SPICE-based Industry 4.0-Maturity Model (Gökalp et al., 2017): This model of 
academic origin is based on the SPICE (Software Process Improvement and 
Capability Determination) model to create an Industry 4.0 maturity scale. It is 
considered to be suitable for firms of different sizes.

5. Industry 4.0 Maturity Model (Akdil et al., 2017): It is an Industry 4.0 preparation 
model from academia. Its empirical focus is medium size manufacturing firms.



6. Digital maturity model (Berghaus and Bäck, 2016): This one is from industry, 
based on field research in Switzerland and Germany. This is the only one of the 
six which adopts a methodology in line with formative index development. 

The above sample of DT measurement scales is neither extensive nor exhaustive, but to 
our best knowledge, it is representative of the DT assessment spectrum. We have 
additionally come across several national or regional DT measurement scales, whose 
developments are usually supported by national public agencies, such as Indonesian 
INDI 4.0 (Fernando et al., 2022) and Singapore’s SIRI (Singapore Economic Development 
Board, 2018). However, these are excluded from our review, being reported to have 
similar dimensions and results with IMPULS Readiness Model (Musyarofah et al., 2022) 
above. Among many DT scales of academic origins, we have included only the most 
well-known and highly cited. There are also several other scales from consultancy firms 
or university-industry-government collaborations (e.g. Agca et al., 2015; Gill et al., 2016) 
which have similar European or North American origins, and whose dimensions overlap 
to varying extents with, for example, the PwC model in our list. After a preliminary 
examination of their dimensions, we decided not to include these in our sample.

Based on this sample we have examined each model to identify the dimensions, or 
pillars they have used to substantiate their conceptualization of DT in business 
organizations. The resulting list of dimensions is later used to compare with our new 
index to identify how the pillars used in contemporary DT measurements differ from 
those older ones.

4. Findings
4.1. A contemporary DT index and its dimensions
Using our pilot survey data we applied indicator refinement iteratively and 
independently for each of the 85 index dimensions. This led to the elimination of 5 
items, leaving 80 in the refined index. Following this, each of the index dimensions 
were fitted in a MIMIC model with the reflective indicators included in the pilot survey 
for external validation. The RMSEA of models range between 0.20-0.27 and comparative 
fit index between 0.27-0.63, which seems acceptable for this type of single construct 
model. Consequently, our new index stands elimination and validity checks with a final 
list of 80 indicators under 14 dimensions. The dimensions and some example indicators 
under them are as follows:

D1.Customer relations and marketing operations (9 indicators). Example indicators: 
“Customer feedback is collected through digital tools”, “Digital tools and 
software are used for ordering”.

D2.Cyber security (4 indicators). Example indicators: “Cybersecurity risks are 
systematically assessed and managed”, “Virtual Private Networks (VPN) are 
used”.

D3.Data management tools (4 indicators)



D4.External environment (3 indicators)
D5.Human resources (4 indicators)
D6.Investment and Finance Operations (6 indicators)
D7.Logistics and supply chain operations (10 indicators)
D8.Organizational (5 indicators)
D9.Partnership (3 indicators)
D10. Product development process (4 indicators)
D11. Production operations (3 indicators)
D12. Strategy (6 indicators)
D13. Technological resources (16 indicators)
D14. Top management (3 indicators)

4.2. Established vs emergent dimensions
Our representative sample of six major DT measurement models all had clearly defined 
dimensions and sub dimensions corresponding to their conceptualization of DT. 
Despite some differences in their wording it was possible to match these dimensions to 
each other and to dimensions in our new DT index. The results of this analysis is given 
in Table 2, where each table cell shows the original name of the dimension in its 
corresponding model.

According to our findings three of the new index’ dimensions do not exist in previous 
models and should be considered as emergent and marked in Table 2. A fourth 
dimension (D7) is found in only one of the existing models and considered as a 
borderline case. 

Table 2: Comparison of new index dimensions to existing DT measurement models. 
Emergent dimensions that do not exist in existing models are marked.

NEW DT 
INDEX

IMPULS - 
Readines
s Model

Digital 
Maturity 
Model 

PwC 
Maturity 
Model

Industry 
4.0 
Maturity 
Model

Industry 
4.0-MM 
(SPICE 
based)

Maturity 
and 
Readiness 
Model for 
I4.0

D1: Customer 
relations and 
marketing

Data-
driven 
services

Customer 
Experience

Product and 
service, Bus. 
models  cust. 
access

Customers

D2: Cyber 
security

D3: Data 
mgmt tools   Process 

Digitization

Data & 
Analytics as 
core cap.

  Data 
Governance  

D4: External 
environment    

Compliance, 
security, legal 
& tax

Governance    

D5: Human 
resources Employees     People    

D6: 



Investment 
and Finance 
Operations
D7: Logistics 
and supply 
chain 
operations

   

Digitisation 
and 
integration of 
value chains

     

D8: 
Organizationa
l

Smart 
operations

Org., 
Collab., 
Culture & 
Expertise

Org., 
employees 
and digital 
culture

Operations 
dimension, 
Culture 
dimension

Process 
Transformati
on

Smart 
business 
processes

D9: 
Partnership

D10: Product 
dev. process

Smart 
products

Product 
Innovation      

Smart 
products 
and services

D11: 
Production 
operations

      Products Application 
Mgmt  

D12: Strategy

Strategy 
and 
organizati
on

Strategy   Strategy Org. 
Alignment

Strategy and 
Org.

D13: 
Technological 
resources

Smart 
factory

Informatio
n 
Technology

Agile IT 
architecture Technology Asset Mgmt  

D14: Top 
management   Transform. 

Mgmt.   Leadership    

5. Discussion and Implications: An extroverted 
turn in Digital Transformation
Considering the fact that the existing DT measurement models commonly used in the 
industry were all created between 2015 and 2017, the changes captured in our analysis 
reflect the shifts in DT concept roughly over the last decade. The results indicate that 
ten of the dimensions in the new DT index developed in our study already existed in 
and fully cover the previous models, and thus they continue to be part of the 
contemporary conceptualization of DT. Therefore it can be said that the DT concept is 
‘extended’ to include new dimensions during the last decade while retaining the old 
ones.

What does the newly emergent DT dimensions tell us about the broader picture? Our 
first observation in this regard is that two of these emergent dimensions, the 
“partnership” dimension and the -borderline case of- “logistics & supply chain” 



dimension have a common feature that separates them from other, previously existed 
dimensions: they are both related to a business’ relations with ‘external’ entities in the 
environment, i.e. activities across business boundaries. The former is related to 
business partners and the latter to suppliers and customers. For example, some of the 
indicators we have found under “partnership” dimension reads “company has sufficient 
pool of IT partners” and “stakeholders collaborate and engage in digital 
transformation”, whereas some in the “logistics & supply chain” dimension are 
“company uses blockchain system for managing logistics activities” and “company uses 
software for integrating supplier side operations”. These indicators underline the cross-
boundary nature of these two emergent dimensions. 

When we further look into the other two emergent dimensions we see that the 
“investment and finance operations” dimension includes indicators such as “electronic 
services for financial transactions” and “cryptocurrency” which all concern cross-
boundary exchanges. The “cyber security” dimension seems to ‘cap’ the other emergent 
dimensions and captures the relevant practices that stems from increasing focus on 
digitalization that crosses organization boundaries and hence is exposed to the 
inherent risks of an open Internet.

In addition to the changes in DT at the higher dimensions level, some existing 
dimensions are seeing changes in the underlying elements, which can be seen by 
comparing indicators in our new DT index with those in the older DT models. For 
example, the “organization” dimension now includes indicators related to “inter-
organizational information systems”. New indicators under the “technology” dimension 
also highlights penetration of some new technologies, such as blockchain, cloud, and 
IoT. All of which introduces new security vulnerabilities due to higher exposure to or 
reliance on third parties. These changes in existing dimensions further highlight the 
emerging extension of DT across organizational boundaries. 

These findings suggest that the main axis of the shift we observe here is one that 
extends DT concept to be more extroverted. In comparison, dimensions in older 
models were mostly related to introverted issues such as human resources, 
management, or technology, which all concern issues within the business boundary 
(with the exception of well established customer relations dimension). This shift reflects 
a new business environment where traditional physical boundaries of business 
organizations are more permeable through information and communication 
technologies under emergent DT coverage, and consequently, more vulnerable to 
cyber threats. 

This broad change, from a digital transformation focused solely on intra-organizational 
transformational changes to one which is cross-boundary, has important implications 
for our understanding and strategizing for DT. On the theoretical side, this finding 
highlights that this digital transformation should be conceptualized as a change 
involving extra-organizational elements, best understood as a process involving whole 
ecosystems. There is also an important practical implication: cyber security is now the 



weakest link in this new DT process. To expand their digitalization to include partners, 
payments, and remote workers, businesses first need to establish their cyber security 
dimension. A recent global surge in the cyber-security incidents indicates that, in 
practice, we are far from realizing such prioritization in DT road maps. In addition to 
their own cyber security, businesses will need to consider their partners’ cyber security 
practices to avoid the spillover of cyber security incidents.

6. Conclusions, Limitations, and Further 
Research
By means of a formative index development to measure digital transformation in 
business organization, and comparison of its results with commonly employed 
measurement models from last decade, this study identified the changing pillars in our 
broader understanding of this phenomenon. Our findings highlight a fundamental 
change in digital transformation concept which extends its previously intra-
organizational focus with new pillars that embrace its extroverted aspects stemming 
from inclusion of digital business activities that cross organizational boundaries, 
reaching out to external stakeholders, and in the process creating new cyber-security 
vulnerabilities.

Despite identifying a major shift through its findings, our study is limited in the sense 
that the new digital transformation index is only applied to a small, pilot sample of 
businesses for validation purposes only. Further and extensive data collection and 
analysis is necessary if one desires to assess relative importance of the new, emergent 
digital transformation pillars for business organizations.

In addition, our research scope was not expanded to dig further down into the 
indicator level differences with existing measurement models. Our indicator level 
comparison was rather for triangulation purposes. Further research may reveal 
submerging or emerging elements of digital transformation phenomenon at a finer, 
indicator level.

Acknowledgements
This research was supported with XXX University research grant no BAP2022-1.

Declaration of Interest
There are no relevant financial or non-financial competing interests to report.



References
Agca, O., Gibson, J., Godsell, J., Ignatius, J., Davies, C.W., and Xu, O. (2015), “An Industry 
4 readiness assessment tool”, available at: 
https://warwick.ac.uk/fac/sci/wmg/research/scip/reports/final_version_of_i4_report_for_
use_on_websites.pdf (accessed 15 January 2022)

Akdil, K. Y., Üstündağ, A., and Çevikcan, E. (2017), “Maturity and Readiness model for 
Industry 4.0 strategy”, Springer series in advanced manufacturing, pp.61–94. 

Berghaus, S., and Bäck, A. (2016), “Stages in Digital Business Transformation: Results of 
an Empirical Maturity Study”, MCIS 2016 Proceedings, No. 22.

Coltman, T., Devinney, T. M., Midgley, D., and Venaik, S. (2008), “Formative versus 
reflective measurement models: Two applications of formative measurement”, Journal 
of Business Research, Vol. 61 No. 12, pp.1250–1262.

Crosby, L. A., and Stephens, N. (1987), “Effects of relationship marketing on satisfaction, 
retention, and prices in the life insurance industry”, Journal of Marketing Research, Vol. 
24 No. 4, pp.404–411.

Culot, G., Nassimbeni, G., Orzes, G., and Sartor, M. (2020), “Behind the definition of 
Industry 4.0: Analysis and open questions”, International Journal of Production 
Economics, Vol. 226, No. 107617.

Diamantopoulos, A., Riefler, P., and Zeugner‐Roth, K. P. (2008), “Advancing formative 
measurement models”, Journal of Business Research, Vol. 61, No. 12, pp.1203–1218. 

Diamantopoulos, A., and Siguaw, J. A. (2006), “Formative versus Reflective Indicators in 
Organizational Measure Development: A comparison and Empirical illustration”,  British 
Journal of Management, Vol. 17, No. 4, pp.263–282. 

Diamantopoulos, A., and Winklhofer, H. (2001), “Index Construction with Formative 
Indicators: An Alternative to Scale Development”, Journal of Marketing Research, Vol. 
38, No. 2, pp.269–277. 

Drath, R., and Horch, A. (2014), “Industrie 4.0: hit or hype?”, IEEE Industrial Electronics 
Magazine, Vol. 8, No. 2, pp.56–58. 

Edwards, J. R., and Bagozzi, R. P. (2000), “On the nature and direction of relationships 
between constructs and measures”, Psychological Methods, Vol. 5, No. 2, pp.155–174. 

Fernando, Y., Wahyuni-TD, I. S., Gui, A., Ikhsan, R. B., Mergeresa, F., and Ganesan, Y. 
(2022), “A mixed-method study on the barriers of industry 4.0 adoption in the 
Indonesian SMEs manufacturing supply chains”, Journal of Science and Technology 
Policy Management, Vol. 14, No. 4, pp.678–695. 

https://warwick.ac.uk/fac/sci/wmg/research/scip/reports/final_version_of_i4_report_for_use_on_websites.pdf
https://warwick.ac.uk/fac/sci/wmg/research/scip/reports/final_version_of_i4_report_for_use_on_websites.pdf


Gadre, M., and Deoskar, A. (2020), “Industry 4.0 -Digital Transformation, Challenges and 
benefits”, International Journal of Future Generation Communication and Networking, 
Vol. 13, No. 2, pp.139-149.

Geissbauer, R., Vedso, J., and Schrauf, S. (2016), “Building the digital enterprise”, 
available at: 
https://www.pwc.com/gx/en/industries/industries-4.0/landing-page/industry-4.0-
building-your-digital-enterprise-april-2016.pdf. (accessed 15 January 2022)

Gill, M., VanBoskirk, S., Evans, P.F., Nail, J., Causey, A., and Glazer, L. (2016), “The Digital 
Maturity Model 4.0.”, available at: http://forrester.nitro-digital.com/pdf/Forrester-s
%20Digital%20Maturity%20Model%204.0.pdf. (accessed 16 January 2022)

Gong, C., and Ribière, V. (2021), “Developing a unified definition of digital 
transformation”, Technovation, Vol. 102, No. 102217.

Gökalp, E., Şener, U., and Eren, P. E. (2017), “Development of an assessment model for 
Industry 4.0: Industry 4.0-MM”, Communications in computer and information science, 
Vol. 770, pp.128–142. 

Hanelt, A., Bohnsack, R., Marz, D., and Marante, C. (2020), “A Systematic review of the 
literature on Digital Transformation: Insights and implications for strategy and 
Organizational change”, Journal of Management Studies, Vol. 58, No. 5, pp.1159–1197. 

Hansen, R., and Kien, S. S. (2015), “Hummel’s Digital Transformation toward 
Omnichannel Retailing: key lessons learned”, Mis Quarterly Executive, Vol. 14, No. 2, 
pp.51–66. 

Hauser, R. M., and Goldberger, A. S. (1971), “The treatment of unobservable variables in 
path analysis”, Sociological Methodology, Vol. 3, pp.81-117. 

Hermann, M., Pentek, T., and Otto, B. (2016), “Design principles for industrie 4.0 
scenarios”, 2016 49th Hawaii international conference on system sciences (HICSS), 
pp.3928-3937). 

Jarvis, C. B., MacKenzie, S. B., and Podsakoff, P. M. (2003), “A critical review of construct 
indicators and measurement model misspecification in marketing and consumer 
research”, Journal of Consumer Research, Vol. 30, No. 2, pp.199–218. 

Jöreskog, K. G., and Goldberger, A. S. (1975), “Estimation of a Model with Multiple 
Indicators and Multiple Causes of a Single Latent Variable”, Journal of the American 
Statistical Association, Vol. 70, No. 351a, pp.631–639. 

Kontić, L., and Vidicki, Đ. (2018), “Strategy for digital organization: Testing a 
measurement tool for digital transformation”, Strategic Management, Vol. 23, No. 2, 
pp.29–35. 

http://forrester.nitro-digital.com/pdf/Forrester-s%20Digital%20Maturity%20Model%204.0.pdf
http://forrester.nitro-digital.com/pdf/Forrester-s%20Digital%20Maturity%20Model%204.0.pdf


Leão, P., and Da Silva, M. M. (2021), “Impacts of digital transformation on firms’ 
competitive advantages: A systematic literature review”, Strategic Change, Vol. 30, No. 
5, pp.421–441. 

Lichtblau, K., Stich, V., Bertenrath, R., Blum, M., Bleider, M., Millack, A., Schmitt, K., 
Schmitz, E., and Schröter, M. (2015), “Industrie 4.0 readiness”, available at: 
https://impuls-stiftung.de/wp-content/uploads/2022/05/Industrie-4.0-Readiness-
english.pdf. (accessed 16 January 2022)

Mergel, I., Edelmann, N., and Haug, N. (2019), “Defining digital transformation: Results 
from expert interviews”, Government Information Quarterly, Vol. 36, No. 101385. 

Mittal, S., Khan, M. A., Romero, D., and Wuest, T. (2018), “A critical review of smart 
manufacturing and Industry 4.0 maturity models: Implications for small and medium-
sized enterprises (SMEs)”, Journal of Manufacturing Systems, Vol. 49, pp.194–214. 

Morakanyane, R., Grace, A. A., and O’Reilly, P. (Eds.). (2017), “Conceptualizing Digital 
Transformation in Business Organizations: A Systematic Review of Literature”, BLED 
2017 Proceedings, No. 21. 

Musyarofah, S. A., Tontowi, A. E., Masruroh, N. A., and Wibowo, B. S. (2022), 
“Comparative Study of Industry 4.0 Readiness Measurement of Indonesian Companies: 
INDI 4.0, IMPULS and SIRI”, 1st Australian Conference on Industrial Engineering and 
Operations Management Proceedings, pp.926-936.

Nwankpa, J. K., and Roumani, Y. (2016), “IT Capability and Digital Transformation: A Firm 
Performance Perspective”, Thirty Seventh International Conference on Information 
Systems 2016 Proceedings, No. 362751432.

Osmundsen, K., Iden, J., and Bygstad, B. (2018). Digital Transformation: drivers, success 
factors, and implications. MCIS 2018 Proceedings, No. 37. 

Pacchini, A. P. T., Lucato, W. C., Facchini, F., and Mummolo, G. (2019), “The degree of 
readiness for the implementation of Industry 4.0”, Computers in Industry, Vol. 113, No. 
103125. 

Rojko, A. (2017), “Industry 4.0 Concept: Background and Overview”, International 
Journal of Interactive Mobile Technologies, Vol. 11, No. 5, pp.77. 

Roy, S. G., and Upadhyay, P. (2017), “Does e-readiness of citizens ensure better 
adoption of government’s digital initiatives? A case based study”. Journal of Enterprise 
Information Management, Vol. 30, No. 1, pp.65–81. 

Saad, S. M., Bahadori, R., and Jafarnejad, H. (2021), “The smart SME technology 
readiness assessment methodology in the context of industry 4.0”, Journal of 
Manufacturing Technology Management, Vol. 32, No. 5, pp.1037–1065. 

https://impuls-stiftung.de/wp-content/uploads/2022/05/Industrie-4.0-Readiness-english.pdf
https://impuls-stiftung.de/wp-content/uploads/2022/05/Industrie-4.0-Readiness-english.pdf


Schumacher, A., Erol, S., and Sihn, W. (2016), “A maturity model for assessing industry 
4.0 readiness and maturity of manufacturing enterprises”, Procedia CIRP, Vol. 52, 
pp.161–166. 

Singapore Economic Development Board (2018), “The Smart Industry Readiness Index”, 
available at: 
https://www.edb.gov.sg/en/about-edb/media-releases-publications/advanced-
manufacturing-release.html. (accessed 17 January 2022)

Tranfield, D., Denyer, D., and Smart, P. (2003b), “Towards a methodology for developing 
Evidence‐Informed management knowledge by means of systematic review”, British 
Journal of Management, Vol. 14, No. 3, pp.207–222. 

Vial, G. (2019), “Understanding digital transformation: A review and a research agenda”, 
The Journal of Strategic Information Systems, Vol. 28, No. 2, pp.118–144. 

Author Bios
Prof. Dr. Mehmet Gencer is a Professor of Organisation Studies at the Izmir University of 
Economics, Department of Business Administration. His research focuses on the crossroads 
of technology and organizations, with an interest in open innovation, organizational change 
and knowledge flows.
Assoc. Prof. Dr. Aysu Göçer is an Associate Professor in the Department of Logistics 
Management at Izmir University of Economics. Her interest areas include supply chain and 
logistics management, risk management, sustainability and supply chain resilience.
Prof. Dr. Özgür Özpeynirci is a Professor in the Department of Logistics Management at 
Izmir University of Economics. His research interests include multiobjective decision making, 
combinatorial optimization, scheduling. His publications appeared in international journals 
including Management Science, European Journal of Operational Research, and Naval 
Research Logistics.
Elif İzcan received her Bachelor’s degree in International Relations from Istanbul Bilgi 
University in 2007. She completed her Master’s degree with Thesis in Logistics Management 
at Izmir University of Economics in 2023. Her interest areas include supply chain 
management, risk management, innovation management, digitalization and sustainability.


	1. Introduction
	2. Theoretical Backdrop: What constitutes Digital Transformation and how to find it?
	2.1. DT measurement landscape
	2.2. Differences in measurement methods

	3. Research Methodology and Data
	3.1. Systematic review and index development
	3.2. Identifying the changing pillars

	4. Findings
	4.1. A contemporary DT index and its dimensions
	4.2. Established vs emergent dimensions

	5. Discussion and Implications: An extroverted turn in Digital Transformation
	6. Conclusions, Limitations, and Further Research
	Acknowledgements
	Declaration of Interest
	References
	Author Bios

