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The phenomenon of Digital Transformation (DT) has been observed to impact all industries and sectors globally and
locally [1, 2]. This occurrence has consistently resulted in a substantial increase in research related to the field of digital
transformation [3]. We can view digital transformation as an exercise in continuously improving our organization
through digital capabilities that ultimately end up redefining business processes, business models, and how the company
interacts within and outside of its borders [4, 7]. Companies that have embraced digital approaches in their products,
services, business models, and working methods have shown greater chances of growing and reaching international
coverage [8]. DT is seen as the base for the transformation of all the different dimensions of the organization, ultimately
delivering more value to the stakeholders through the technology as well as being able to adapt to the change of the
surrounding environment more rapidly [9-11]. According to the World Economic Forum (2018) [12], over 80% of CEQOs
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indicated that a digital transformation program must be in place. At the same time, by 2030, more than 70% of economic
value creation is expected to be based on digital platforms.

These numbers show how fundamental it is for organizations to embrace this journey. This transformation is essential
to introducing new businesses and revenue sources, maintaining competitiveness, and preventing companies from
becoming obsolete [13]. Nonetheless, the changes that arise from DT also carry risks for organizations [14]. Some
research indicates that more than 70% of the initiatives focusing on digital transformation do not reach the expected
goals, leading to a significant amount of money wasted and, more importantly, negatively impacting the companies [15].
Therefore, one of the critical aspects of DT is the company’s ability to change and transform its proc
organization [16, 17].

The success of SMEs in digital transformation is closely connected to the success of our global economy in the years
to come. In this context, Small and Medium Enterprises (SMESs) play an even more vital role within the global economy
as (reference), SMEs account for more than 98% of all companies in the European Union and generate more than 100
million jobs. They also secure more than 50% of the global domestic product of Europe [18, 19]. For SMEs to remain
(or become) competitive, they must keep up with technological evolution and adjust to it. Development is linked to
profitability, growth, market, and performance [20]. From a technology perspective, SMEs behave differently than large
organizations, often looking at it to process information rather than gain a competitive advantage [21, 22]. There are
clear limitations for SMEs that put them at a disadvantage in evolving their digital strategy, with a couple of factors
being the most obvious: Significantly fewer resources and a lack of specialized skills [23]. Lacking those technical skills
and resources can be equally damaging compared to not having the technology. The existence of state-of-the-art
technology but no qualified workforce to manage it holds no value to the organization [24, 25]. On the other hand, SMEs
are characterized by an inherent flexibility that enables them to change faster and adapt to markets more agilely. This
behavior is particularly relevant when operating in uncharted waters [26], with the level of commitment of management
to DT being directly correlated to positive outcomes [27]. However, a significant portion (66% to 86%) of organizations
fail to obtain the expected digital transformation results due to a lack of understanding of new competencies and business
models [28].

With the limitations SMEs present and the more significant impact of Digital Transformation across all industries, it
is critical to utilize tools that enable the organization to better understand what path to take and what decisions are
needed. The most common approach is through maturity models. Maturity models allow the assessment of the
company’s as-is situation and support the discovery of the areas that need to be improved to move to the next level [29,
30]. When pertaining to digital transformation, the understanding of assessment means two slightly different things: 1)
Organizational readiness for DT, which refers to the willingness to change, the “soft” components; and 2) Maturity, to
the actual state of implementation [31, 32]. This distinction is critical, as readiness and maturity models are different
approaches. Readiness is much more focused on being “ready for starting,” and maturity aims to show “how far” [29].
While the maturity models are essential, the relevance of the readiness model may be underestimated, especially when
we find research pointing out a significantly high number of initiatives that fail to deliver expected results [15], which
may indicate gaps in the “readiness” to achieve the results rather than the maturity levels during the implementation of
the planned transformation. Lokuge et al. (2019) [31] define digital organizational readiness as the state of preparedness
to deliver or adopt the value of digital tools. The same authors, also supported by Kane et al. (2018) [33], defend that
companies must achieve digital transformation due to higher digital organizational readiness. This factor is more relevant
if we consider that readiness is associated with being fully ready for it. In this case, it reflects the level of readiness to
execute the needed actions to achieve the expected results [34].

Small and medium enterprises are essential to economic development [20]. However, these companies have severe
resource limitations [23], creating a possibly even more significant gap with larger enterprises. With the scarcity of
resources, maximizing the results of any initiative they may embrace becomes even more critical, with digital
transformation at the top of its priorities [29, 30].

1-1- Our Contribution

The limitations SMEs face with their limited resources may be an influential factor in the push towards a lower
research investment, as it is more complex to demonstrate or test some of the designed concepts. These challenges impact
not only the normal development of the organizations but, at the same time, create a potentially more complex scenario
for the researchers to operate in. The scarcity of research focused on SMEs in the context of digital transformation is
indeed one of the biggest challenges to executing our research, as it is not simple to benchmark with previous studies,
and it is not possible to identify how much may have changed over the past decade. These limitations make our
contribution more relevant for the scientific community, as it creates a solid baseline for future research and
developments in SMEs and Digital Transformation.

Through the maturity and readiness models, SMEs could have a clearer picture of where to invest their limited
resources [15, 31]. With this data showing the possible correlation between readiness and maturity models and more
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positive outcomes of DT in SMEs, and with the context of a global economy more and more dependent on organizations
embracing their digital transformation and the clear vital role that SMEs play in that economy, this research aims to
bring these elements together and better understand how readiness assessment models can be different from maturity
models, and more importantly, how those readiness assessment models can support SMEs to maximize the results of
their digital transformation.

This work has defined the target to answer the following research questions (RQ):

RQ1) What current state-of-the-art models assess an organization’s maturity and readiness in their digital
transformation?

RQ2) Based on the identified models, is there a clearly defined subset designed for Small and Medium Enterprises?

RQ3) What models are being assessed using the perspective/inputs from the general employees rather than focusing
on the company’s management?

RQ4) What key influential factors do the authors identify within the identified models as the base for their
assessment?

RQ5) What is the most appropriate logic to bundle those factors in assessing critical dimensions?

The research is executed through a systematic literature review, focusing on a thorough review of the existing models,
aiming to distinguish maturity from readiness, bringing an SME’s perspective.

In previous studies, such as the one carried out by Vol? & Pawlowski (2019) [35], there was already quite significant
research in understanding the role of the assessment models in the success of digital transformation and, at the same
time, in identifying probable additional reasons why some of those are not achieving the expected results. In their work,
they reviewed a selected list of models, listing the lack of alignment between senior managers and employees as an area
that deserves further research. While the research has reviewed quite a significant list of models, it does not distinguish
the concept of maturity and readiness, which limits the understanding of whether the gaps are related to one dimension
or the other. This clear distinction is the aspect that differentiates our research from previous studies. Primarily, we
consider the clear distinction between maturity and readiness, with readiness assessing a state to be ready. Our work will
not only contribute to providing a much clearer view of the existing models and how the maturity models distinguish
themselves from the readiness models, but equally important; it will deliver an innovative proposal for a complete
standardized set of categories and subcategories that will be used in any future development in the field of digital
transformation assessment models. This area has been growing immensely over the last years, and the need for standards
on what to assess leads to a potential sub-optimal usage of these assessment models and ultimately limits the value they
may create for the companies using them.

Ultimately, we aim to create a baseline of data and standards to help accelerate the research in the context of SMEs
and Digital Transformation. By thoroughly reviewing the existing readiness and maturity models and putting them in
the SMEs, we aim to highlight where the science could be more in-depth. The depth needed to develop further artifacts
that can positively impact the outcomes of the SMEs’ digital transformation journey. Our proposal regarding what
categories and subcategories should be considered in future assessments aligns with our overall goal. It is intended to
accelerate the development of models that converge towards similar dimensions.

This document is divided into five chapters, starting with the methodology that explains all the processes we followed
to review the existing literature, followed by a chapter that presents the results of our research, the findings of relevance
to the scientific community, especially from the lenses of our research questions, and finally a discussion of those
findings. We have chapter four, where we present a proposal for a future harmonization of digital transformation
readiness and maturity assessment categories and subcategories, and to conclude, we offer our conclusions and
opportunities for further research.

2- Research Methodology

We have opted to structure our Systematic Literature Review (SLR) following the recommendations of the procedure
designed by Kitchenham (2004) [36].

The process consists of three precise stages (See Figure 1).

Planning: A stage meant not only to plan the review but also to make sure there is some preliminary work to identify if
there is a need for a review.

Conducting: The stage is designed for the execution of the review, with a critical focus on identifying the selected
articles through inclusion and exclusion (based on an initial search of the defined query string in the selected databases).

Reporting: We will address this phase in Chapter 3 (Results & Discussion). The aim is to report the key findings of our
literature review.
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Figure 1. Summary of the review process
2-1-Planning the Review
The first stage is planning, primarily designed to identify the foundational level of information needed to perform
the systematic literature review. The key attributes are:
a) Objectives

This research work has identified several clear objectives that aim to serve as the foundational drivers of the literature
review:

o Understand the state-of-the-art regarding digital transformation in SMEs, focusing on understanding the scientific
knowledge in the space of readiness models for companies, especially having the employee (rather than senior
management) as the center of those models.

o Understand if and at what level science separates the concept of readiness versus maturity.

e Develop a comprehensive view of the critical factors to deliver a successful digital transformation in an
organization, precisely when applied in a small or medium enterprise.

o Ifitis proven to be possible to separate readiness from maturity, identify key factors that play a critical role in that
readiness assessment.

b) PICOC (Population, Intervention, Comparison, Outcome, Context) (see Table 1)

Table 1. PICOC (Population, Intervention, Comparison, Outcome, Context)

Population SMEs

Intervention Readiness and Maturity for Digital Transformation in SMEs

Comparison Readiness and maturity models and frameworks
Context Digital Transformation in SMEs

c) Research Questions
o What current state-of-the-art models assess the organization’s maturity or readiness in their digital transformation?
o Based on the identified models, is a clearly defined subset designed for Small and Medium Enterprises?

o What models assess using the perspective/inputs from the general employees rather than focusing on the company’s
management?

o What key influential factors do the authors identify within the identified models as the base for their assessment?
o What is the most appropriate logic to bundle those factors in assessing critical dimensions?
d) Sources

To support our investigation, we selected three distinct scientific sources to achieve these objectives: SCOPUS, ACM
Digital Library, and IEEE. Due to our research being more focused on identifying the scientific knowledge in a specific
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domain (in this case, readiness and maturity models for SMEs), we opted to limit our analysis to the artifacts developed
within the space of academia.

e) Inclusion & Exclusion Criteria (see Table 2)

Table 2. Inclusion and Exclusion Criteria

Inclusion/Exclusion Criteria

Include publications that review existing maturity assessment models or frameworks, even of larger enterprises.
Include publications that distinguish assessment models by their focus on maturity versus preparation.
Include publications that review success factors to achieve positive outcomes in a digital transformation.
. Include publications that publish Systematic Literature Reviews of digital transformation success factors.
Inclusion Include publications that measure the impact of different factors in the outcome of digital transformation.
Include publications that have publishing dates from 2017 onwards
Include publications that are final and peer-reviewed.

Include publications in the English language.

Exclude publications that cannot be accessed.

Exclude publications that do not address maturity or readiness models.
Exclusion Exclude publications that focus on a use case.

Exclude publications that focus on a specific country.

Exclude publications that focus on a specific business or sector.

f) Query String

We designed the query string (see Table 3) by extracting the critical aspects of our research question. Our overall
research focuses on a) Digital Transformation for SMEs. We selected the keyword “Digital Transformation” and decided
to leave SME out of the query string to ensure we could choose a wider group of articles and assess it to provide
comparison; b) Readiness and Maturity models to assess digital transformation. Hence, we selected the keywords
“Readiness” and “Maturity.” ¢) Our focus is digital transformation assessments of companies; therefore, we added the
keyword company and selected a few other keywords often used in literature to refer to a company (Organization,
Enterprise, and Business). We have yet to add keywords referring to success factors, which could limit the results.
Instead, we extracted the elements from the identified maturity and readiness models.

Table 3. Query String used to identify the relevant articles

| (“digital transformation” AND (maturity OR readiness)
Inclusion
AND (organisation* OR organization* OR enterprise* OR company* OR business*))

g) Quality Assessment Checklist

How will we classify the selected articles considering a well-defined set of criteria that ultimately leads to a final
score? According to Kitchenham (2004) [36], a quality assessment checklist is designed to guarantee the minimum
quality level of the study. The author also refers to quality as something that “relates to the extent to which the study
minimizes bias and maximizes internal and external validity.” For our work, we defined the following quality criteria.

a. Does the research compare different models through well-defined criteria?

b. Is the publication looking at it from an SME perspective?

c. Does the publication analyze frameworks/models that assess maturity and readiness for digital transformation?
d. Is the publication clear on the assessment models’ perspective (general employee, management, both)?

e. Does the publication identify factors that contribute to the outcomes of digital transformation?

f. Does the publication weigh different perspectives of different authors in terms of what factors play a more
significant role in digital transformation?

Each question can be answered with Yes | No | Partially.

The article score will be the sum of the five answers (yes — 1pt, partially — 0.5pt, no — 0 pt). We have defined two or
less as the cutoff score for the articles we have not considered within our research.
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2-2-Conducting the Review

The conducting stage is when we execute the defined query string and filter out the publications of relevance for our
study based on the different inclusion and exclusion criteria. It is divided into three main phases:

i. Eirst Search: Run the query string through the identified sources and select the articles presented. Only a few filters
were applied:

o Select publications with publishing dates from 2017 onwards
o Select publications that are final and peer-reviewed.
o Select publications in the English language.

Table 4 shows the summary of the first search with the initial filter

Table 4. Conducting — First Search

Source Initial Results First Filtered Results % Selected

Scopus 772 606 78%

ACM 52 36 70%
IEE 95 93 98%

We have summarized the identified publications by year in Figure 2, showing increased published research year-on-
year. This fact is aligned with the literature that indicates a constant increase of research in digital transformation +
maturity models + readiness models.

Figure 2. Break down by year

ii. Title & Abstract Filter: The second step is filtering the 735 articles through the title and abstract and utilizing the
exclusion criteria to remove the publications irrelevant to this work.

Table 5. Conducting — Title & Abstract Filtering

Source First Filtered Results Duplicated  Title & Abstract Results % Selected

Scopus 606 59 37 6%

ACM 36 6 2 6%
IEE 93 32 9 10%

Step 2, in the conducting phase, has 48 shortlisted articles that will be the base of our process to identify the suitable
models to be reviewed in more detail. We selected roughly 6% of the articles from the original list. Table 5 summarizes
the final picture of the definitive list of articles we chose from the different databases and how many were duplicated.
Table 6 summarizes the overall breakdown of articles by their status and publishing year.
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Table 6. Approved, Rejected & Duplicated by Year

Status 2017 2018 2019 2020 2021 2022 2023 Total
Approved 0 0 4 7 20 13 4 48
Rejected 13 29 66 114 145 187 34 588
Duplicated 0 9 11 11 30 34 4 99

Table 7 summarizes the final mapping of the reviewed articles against the inclusion and exclusion criteria, ultimately
leading to the last 48 selected publications.

Table 7. Articles classified by inclusion and exclusion criteria (that were not applied in the first search)

Approved/Rejected Criteria # Articles
Exclude publications that cannot be accessed. 28
Exclude publications that focus on a use case. 25
Approved Exclude publications that do not address maturity or readiness models. 446
Exclude publications that focus on a specific country. 50
Exclude publications that focus on a specific country. 39
Include publications that review existing maturity assessment models or frameworks, even of larger enterprises 22
Include publications that distinguish assessment models by their focus on maturity versus preparation. 7
Rejected Include publications that review success factors to achieve positive outcomes in a digital transformation 13

Include publications that publish Systematic Literature Reviews of digital transformation success factors

Include publications that measure the impact of different factors on the outcome of digital transformation

iii. Quality Assessment: In step 3, we reviewed the 48 finally selected articles for the research in detail, shortlisting the
different maturity and readiness models. We reviewed the entire list through the identified quality assessment
checklist, with the final assessment score demonstrated in Table 8.

Table 8. Quality Assessment Score

Score

0-2 (the cutoff for low value/quality)
2-4 (medium-high quality)
4-6 (high to very high quality)

# articles %
18 37.5%
18 37.5%
12 25%

The data shows that 62% of the articles (30) were marked as a medium to high-quality score, which is an excellent
base to proceed and define what we select for our final review models.

iv. ldentify the Maturity and Assessment Models: Reviewing the final selected 48 articles, we identified articles focusing
on readiness or maturity models and selected thirteen (13) maturity and readiness models from this phase for further
detailed review. Through the thorough analysis of the 48 selected articles, we also encountered previous systematic
literature reviews that provided cross-referenced models, leading to adding those to our final selection as part of the
inclusion criteria. We selected eleven (11) maturity/readiness models through the cross-referenced literature. The final
list of all articles reviewed and chosen models is presented in Chapter 3 (see Table 10).

3- Results, Findings & Discussion

This chapter will document the general results identified during our systematic literature review. We have structured
this chapter to follow the identified research questions, demonstrating some of the findings in each and the potential
research gaps identified during our study.

Table 9. Expected findings in each research question

RQ Question Expected Findings (Objective)

1 What_current s_tate—o_f—the—_art.models assess t_he organization’s State-of-the-art of Maturity & Assessment Models
maturity or readiness in their digital transformation?
Based on the identified models, is there a clearly defined subset . .

2 designed for Small & Medium Enterprises? Models that apply to small and medium enterprises.

3 What models assess using the perspective/inputs from the general  Are the identified models looking into the general employee
employees rather than focusing on the company’s management? perspective while assessing digital transformation?

4 What key influential factors do the authors identify within the ) . . o
identified models as the base for their assessment? What factor.s should be con_S|dered while assessing a digital

- - : —— transformation, and what is the most logical approach to
5 What is the most appropriate logic to bundle those factors in . ster it?

assessing critical dimensions?
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3-1-Results

The base of our review identified 48 articles to include in the study. From those 48 articles, we selected 13 maturity
and readiness models and cross-referenced an additional 11 models through some of the existing published systematic
literature. Table 10 summarizes the 59 articles.

Table 10. List of selected articles of our systematic literature review

Year Initial Selection Cross-Referenced Shortlisted
Leyh et al. (2015) [37] 2015 X X
Matt et al. (2015) [38] 2015 X X
Berghaus & Back (2016) [39] 2016 X X
Lichtblau et al. (2016) [40] 2016 X X
Schumacher et al. (2016) [41] 2016 X X
de Carolis, A et al. (2017) [42] 2017 X X
Leino et al. (2017) [31] 2017 X X
Klotzer & Pflaum (2017) [43] 2017 X X
Canetta et al. (2018) [44] 2018 X X
Gimpel et al. (2018) [45] 2018 X X
Hamidi et al. (2018) [46] 2018 X
Isaev et al. (2018) [47] 2018 X
Aguiar et al. (2019) [48] 2019 X
Colli et al. (2019) [49] 2019 X
Teichert (2019) [50] 2019 X
Voss & Pawlowski (2019) [35] 2019 X
Chonsawat & Sopadang (2020) [51] 2020 X
Depaoli et al. (2020) [52] 2020 X
Kovrigin & Vasiliev (2020) [53] 2020 X
Machado et al. (2020) [54] 2020 X
Ndou et al. (2020) [55] 2020 X
Priyono et al. (2020) [56] 2020 X
Schuh et al. (2020) [57] 2020 X X
Stoianova (2020) [58] 2020 X
Alsufyani & Gill (2021) [59] 2021 X
Borstnar & Pucihar (2021) [60] 2021 X
Brozzi et al. (2021) [61] 2021 X
Bocyte et al. (2021) [62] 2021 X
Carrijo et al. (2021) [63] 2021 X
Cordes & Musies (2021) [64] 2021 X
Cunha & Sousa (2021) [65] 2021 X X
Denicolai et al. (2021) [66] 2021 X
Gfrerer et al. (2021) [34] 2021 X
Gokalp & Martinez (2021) [67] 2021 X X
Gonzalez-Varona et al. (2021) [27] 2021 X
Kokot et al. (2021) [68] 2021 X
Machado et al. (2021) [69] 2021 X
Nerima & Ralyté (2021) [13] 2021 X X
Okfalisa et al. (2021) [70] 2021 X
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Poletaikin et al. (2021) [71]
Saroso et al. (2021) [72]
Sandor & Gubén (2021) [73]
Sinyuk et al. (2021) [74]
Soares et al. (2021) [75]
Barry et al. (2022) [76]
Costa et al. (2022) [77]
Kasperovica et al. (2022) [78]
Kryukov et al. (2022) [79]
Merzlov & Shilova (2022) [80]
Mutlu et al. (2022) [81]
Pucihar & Borstnar (2022) [82]
Sandor & Guban (2022) [83]
Schneider et al. (2022) [84]
Spremic et al. (2022) [85]
Viloria-Nunez et al. (2022) [86]
Ehrensperger et al. (2023) [87]
Haryanti et al. (2023) [88]
Hein-Pensel et al. (2023) [89]
Tiss & Orellano (2023) [90]

2021
2021
2021
2021
2021
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2022
2023
2023
2023
2023

X X X X X X X X X

X X X X X X X X X X

IS
o)

11

X
24

The number of selected published models versus the initial list of reviewed published models in a particular year
ranged from 100% in the years 2015 to 2017 (primarily due to the fact those are 100% cross-referenced articles) to 12.5%
in the year 2020 (the lowest selection rate in a particular year of our research). The year 2021 represents the year with
more articles in the final list of 59 (34%), with 30% of papers selected for the final models we reviewed in detail. Figure
3 illustrates the overall ratio year by year.

Selected articles for review
25 -
20 A
8
S 15 A
£
[5+
“—
o
* 10 4
5 4
01 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023
Selected articles for review 0 0 0 2 4 7 20 11 4
e Cr05s-Referenced 2 3 3 2 0 1 0 0 0
Selected 2 3 3 2 2 1 6 2 3

Figure 3. Selected Models vs. Identified Models
Through our selection, it is possible to identify a growing trend in the number of published articles in readiness and

maturity models (within the selected boundaries of our work), with its peak in 2021 and some stabilization (or decline)
in 2022 and 2023.
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An additional data point came from a further investigation of our three databases, where we looked not only at our
selection boundaries but rather an expanded scope, identifying the number of search results using a title-based keyword
search so we could better understand the trend of the research happening in the field of our work. We selected four
keywords, “Digital Transformation,” “SME,” “Digital Maturity,” and “Digital Readiness,” and the period between 2017
and 2022. Figures 4, 5, and 6 show the publications’ evolution from 2017 to 2022 with the keywords in the title.

Scopus Results Searching by Title
6000 -
5000 -
3
2 4000 -
1)
<
© 3000 -
]
€
S 2000 -
P
1000 - I
2017 2018 2019 2020
m Digital Transformation 417 839 1602 2522
SME 1130 1265 1397 1480
m Digital Maturity 186 234 336 388
m Digital Readiness 138 193 301 423

2021 2022
3831 4773
1459 1616
531 615
615 618

Figure 4. Search by keywords in Scopus by year

Figure 4 shows a visible increase in publications in the four keywords, with a steeper increase in “Digital
Transformation,” especially from 2020 to 2021. One interesting point is the convergence between digital maturity and
readiness, especially between 2021 and 2022. This data point may indicate an increased interest in the topics as two
different perspectives of digital transformation assessment align with the previous findings [31].

ACM Results Searching by Title
5000

4500
4000
3500
3000
2500
2000
1500

Number of Articles

1000
500

2017 2018 2019 2020

m Digital Transformation 2215 2074 2021 2473
SME 40 40 63 46

u Digital Maturity 1442 1376 1391 1534

u Digital Readiness 1445 1385 1386 1570

0|I|I|I|I|I|I

2021 2022
2994 4539
51 116
1803 2564
1829 2572

Figure 5. Search by keywords in ACM by year

The ACM results are consistent with what we found in Scopus, with one main difference (see Figure 5). The hits for
“SME” are significantly lower than the other three keywords, which may indicate that research focusing on “SMES” is

not yet a topic of paramount relevance for ACM.
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IEEE Results Searching By Title
250 1~
200 -
3
.2
E 150 -
u
o
P
L 100 A
IS
>
b
0 I I
olim . .. e
2017 2018 2019 2020 2021 2022
m Digital Transformation 23 55 76 118 171 193
SME 16 21 14 20 24 23
m Digital Maturity 1 2 4 3 12 14
m Digital Readiness 4 1 2 6 5 6

Figure 6. Search by keywords in IEEE by year

When comparing Figures 4, 5, and 6, we can also identify that the topics of digital maturity and digital readiness in
the IEEE database have significantly fewer hits than the other two.

To complement the data related to the evolution of the research, in Table 11, we have summarized the list of
conferences, journals, and books that published the identified maturity and readiness models. The analysis shows that
46% of the selected articles were published in journals. However, it also indicates that more publications have been
published in journals over the past three years (since 2020), while before 2020, conferences were more dominating.
Before 2020, 50% of models were published in conferences; post-2020, that number fell to 25%. In the opposite
direction, 38% of models were published in conferences before 2019, while post-2020, that number is close to 60%.
These figures indicate an increased interest in the subject, leading to more journals accepting those studies.

Table 11. Summary of conferences, journals, and books where models were identified

Title # articles Conference Journal Book/Other
2018 IEEE International Conference on Engineering, Technology, and Innovation 1 X
2019 IEEE 23rd International Enterprise Distributed Object Computing Conference 1 X
2023 27th International Conference on Information Technology 1 X
Acatech Studie 1 X
Advances in Production Management Systems 1 X
Annual Reviews in Control 1 X
Big Data and Cognitive Computing 1 X
Business & Information Systems Engineering 1 X
CCSA 2021: Computational Science and Its Applications 1 X
Computers in Industry 1 X
Electronics 1 X
FedCSIS 2016 1 X
Hawaii International Conference on System Sciences 1 X
Impuls-Stiftung des VDMA 1 X
International Journal of Systematic Innovation 1 X
Journal of Information Technology Theory and Application 1 X
Journal of Universal Computer Science 1 X
Management and Production Engineering Review 1 X
MCIS2016 1 X
Procedia CIRP 1 X
Procedia Computer Science 1 X
RCIS 2021: Research Challenges in Information Science 1 X
Towards a new era in manufacturing 1 X
Trends and Applications in Information Systems and Technologies 1 X
9 11 4
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The selected 24 maturity-readiness models (see Table 10) have been cited more than 3000 times within the research
community, which indicates their relevance in this field. Figure 7 summarizes the aggregation of the citations by the
year

Citations by year
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1000 -

800 -

600

400

Number of Citations

200

01 2015 2016 2017 2018 2019 2020 2021 3

—o—# Citations| 1057 1164 329 364 77 8 54 2 0

Figure 7. Aggregation of citations by year

With a closer look at the data, we can see that articles published earlier (2015 and 2016) still have the highest citation,
which can be expected as those are published in the libraries longer, but especially since 2018, that number has dropped
significantly. Especially in a field that is developing so fast and with so much research being done (see Figures 3, 4, and
5), it shows to be conflicting that the most cited models remain (with distance) the ones from 2015 and 2016, counting
for more than 73% of the total citations of the selected models. The models that have been cited the most are:

e Matt et al. (2015) [38]: Cited >1000x.
e Schumacher et al. (2016) [41]: Cited > 800x.
¢ Berghaus & Back (2016) [39]: Cited > 350x.

The three publications account for 70% of the total citations of the models. They are some of the most used reference
models in the domain of readiness and maturity for digital transformation.

Lastly, each analyzed model has what dimensions of digital transformation they focused on assessing identified. The
different models show many unique names (80 unique names), but not clearly with 80 unique meanings. In other words,
it is possible to cluster it to understand better what dimensions are being addressed across all the studies. To simplify the
understanding of what factors play a role in the success of digital transformation, we reviewed all 80 dimensions listed
in the different models. We normalized them by mapping each unique name found to a more normalized name that could
cluster similar ones. Table 12 summarizes the 25 unique nomenclature we developed and their meaning. The following
sub-chapter will detail how we mapped the different identified dimensions to the newly normalized names.

Table 12. Identified normalized dimensions and the meaning of each one

Normalized Dimension Explanation
1 Process Process-related dimensions could be process design, mapping, and business process management.
2 Monitoring and Control Monitoring and control practices, excluding governance (separate dimension)
3 Technology Technology-related dimensions, including all system IT-related components.
4 Organization Dimensions addressing organizational structure, organizational setup
5 Strategy Strategy related dimensions
6 People Dimensions related to people topics
7 Business Model Dimensions that analyze how the company operates its business, their digital presence
8 Customers Dimensions related to customer focus, customer experience, user experience
9 Smart factory Very industry 4.0 focused, and in this case, dimensions related to the practices described to the smart factory.
10 Culture Dimensions related to culture management topics
11 Structural Changes Dimensions related to the processes associated with change and change management
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12
13
14
15
16
17
18
19
20
21
22
23
24
25

Changes in Value Creation
Innovation
Collaboration
Transformation
Vertical Integration
Horizontal Integration
Products & Services
Leadership
Operations
Governance
Value Proposition
Market & Marketing
Logistics

Finance

Dimensions related to adjustment to how companies create value for their customers

Dimensions related to the mechanisms of how companies innovate their products

Dimensions related to the way collaboration happens within organizations

Dimensions associated with the process of managing and executing transformation

Dimensions related to the strategic approach of vertical integration in some aspects of the business

Dimensions related to the strategic approach of horizontal integration in some aspects of the business

Dimensions related to the products and services that companies have to offer to their customers

Dimensions related to the topics associated with leadership

Dimensions related to the topics related to operations management, smart operations

Dimensions related to the governing process around transformation, processes, technology

Dimensions related to the value proposition that companies offer to their customers

Dimensions related to go-to-market, market network, and marketing

Dimensions related to the overall logistics management

Dimensions related to the overall finance management

As per the defined normalized dimensions summarized in Table 12, we mapped each unique dimension identified in

the 24 assessed models to one normalized dimension name. With this approach, we reduced the view from 80 unique
names to 25 unique ones, simplifying the understanding of the factors (dimensions) involved in a digital transformation
process. The mapping between the normalized unique names and the different identified names in the 24 analyzed articles
is presented in Table 13.

Table 13. Normalized dimensions and mapped reviewed model dimensions

Normalized Dimension

Literature Identified Dimension

Literature Identified Dimension

Process

Monitoring and Control

Technology

Organization

Strategy

People

Business Model

Customers

Smart factory
Culture
Structural Changes
Changes in Value Creation
Innovation

Collaboration

Process
Process organization
Digital Process Transformation

Monitoring & Control

Technology

Information Technology
Cross-sectional technology criteria
Use of Technologies
Transformation Management

Data

Technical solutions

Hardware

Use of technology

Organization

Structural organization
Organizational Structure
Strategy

People

Employees

Workforce Management
Peopleware

Business Model

Online Presence
Customer Interface
Customer Experience

Smart Factory

Culture

Structural Changes
Changes in Value Creation
Product Innovation

Collaboration

Complimentary IT System
Connectivity

Information Systems
Knowledge base
Expendability
Transparency

Reusability
Standardization

Software

Role of informatics

Structure
Organizational culture
Orgware

Strategy Development

Competencies
Personnel
Resources
Human resources

Digital business model

Customers
User Experience

Value Creation
Innovation culture

Cooperation
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Transformation
Vertical Integration

Horizontal Integration

Products & Services

Leadership

Operations
Governance

Value Proposition
Market & Marketing

Logistics

Finance

Transformation
Vertical Integration
Horizontal Integration

Smart Products

Data-Driven Services

Smart products and services
Product & Service Provision

Leadership
Smart Operations

Governance
IT Governance

Offering to the customers
Market & Network
Logistics

Financial Aspects
Finance

Transformation Management

Digital Product Development
Products
Product Development

Management

Operations
Strategic Governance

Value Proposition

Marketing

Accounting

We looked at the number of times each non-normalized dimension appears in the different models (we call these
“hits”) to better understand what dimensions have more or less usage across the research work in the selected models.
Table 14 summarizes the number of mapped hits each normalized dimension has across all the models (through the
original non-normalized dimension names) to provide more insights. A mapped hit is the number of times a specific
non-normalized dimension (the original 80 unique names) is selected in different articles. For example, the process has
27 mapped hits, reflecting how many times the non-normalized dimensions (Process, Process organization, Digital
Process Transformation) were found across the 24 reviewed models. This indicator is very relevant to understanding the
actual prevalence of those dimensions, which may help assess the key focus of the different models.

Table 14. Number of found non-normalized dimensions mapped to normalized dimensions

Number of mapped hits of the non-normalized

Normalized Dimension . . . .
dimensions in the different models

% of hits vs. Total hits

Process 8 5.8%
Monitoring and Control 1 0.7%
Technology 27 19.4%
Organization 13 9.4%
Strategy 10 7.2%
People 14 10.1%
Business Model 2 1.4%
Customers 7 5%
Smart factory 3 2.2%
Culture 6 4.3%
Structural Changes 1 0.7%
Changes in Value Creation 2 1.4%
Innovation 2 1.4%
Collaboration 2 1.4%
Transformation 5 3.6%
Vertical Integration 2 1.4%
Horizontal Integration 2 1.4%
Products & Services 8 5.8%
Leadership 3 2.2%
Operations 5 3.6%
Governance 7 5%
Value Proposition 2 1.4%
Market & Marketing 4 2.9%
Logistics 1 0.7%
Finance 2 1.4%
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In total, we see that we have 139 hits of the different initial non-harmonized dimensions and four main characteristics
(accounting for 46%) used in almost all (90%) of the other models: Technology, Organization, Strategy, and People.
Looking at the content and target of all the models reviewed, we have not identified any model that uniquely defines the
concept of maturity in comparison to the concept of readiness, even in cases where the publication title referred to the
"readiness" concept, what ultimately was found in the publication is a mix of concepts that makes it very complicated to
comprehend how to isolate the two concepts fully.

When we consider the content of the models, previous systematic literature reviews, such as Vo3 & Pawlowski (2019)
[35], together with the perceived significant increase over the past 7 to 8 years (see Figures 2 to 8). In that case, we can
position the topic of readiness assessment as an emergent discussion that has not yet received the same level of attention
as the general digital transformation and even less attention when we put it within the SMEs' context. That lack of focus
is seen across the number of hits found in the databases, as well as by the lack of models that position readiness as an
independent dimension of digital transformation assessment.

3-2-Findings

Through the methodology described in Chapter 2, we shortlisted the 24 models we assessed in more detail,
summarized in Table 15.

Table 15. Summary of the different maturity/readiness models reviewed

Maturity/

Readiness SME  Sector Levels

Publication Model Dimensions to assess

SIMMI 4.0 - System Integration Vertical Integration, Horizontal Integration, Digital

Leyh et al. (201! 7 . Maturi N Industr - L
eyh etal. (2015) [37] Maturity Model Industry 4.0 aturity ° dustry 5 product development, Cross-sectional technology criteria
Matt et al. (2015) [38] Digital Transformation Maturity No Use of Technologies, .Struct.ural (;hanges, Changes in
Framework Value Creation, Financial aspects
Customer Experience, Product Innovation, Strategy,
Berghaus & Back Stages in digital business Maturit No 5 Organization, Process Digitization, Collaboration,
(2016) [39] transformation y Information Technology, Culture & Expertise,
Transformation Management
. . Strategy & Organization, Smart Factory, Smart
Lichtblau et al. (2016) INDUSTRIE 4.0 READINESS Matur_lty & Yes Industry 6 operations, Smart products, Data-driven services,
[40] Readiness
Employees
Schumacher et al. . . Strategy, Customers, Leadership, Products, Operations,
(2016) [41] Industry 4.0 Maturity Model Maturity No Industry S Culture, People, Governance, Technology
de Carolis et al. (2017) DREAMY - Digital Readiness . Process, Monitoring, and Control,
- Maturity No Industry 5 -
[42] Assessment Maturity Model Technology, Organization
. T Strategy Development, Offering to the customers,
Klotzer Mat\lfvri'ttﬁiQﬂtﬂﬂe,'\,lf;:u?a'gt'ﬂar'i'ﬁat'on Maturit N Indust 5 Smart factory, Complimentary IT System, Cooperation,
& Pflaum (2017) [43] Industry’s Supply Ch if atunity 0 ndustry Structural organization, Process organization,
ustry’s Supply ©-ha Competencies, Innovation culture
Maturity Strategy, Business Model, Customer Interface,
Leino et al. (2017) [31] VTT Model of Digimaturity No 4 Organization & Processes, People & Culture,
Information Technology
Digitalization Maturity . Strategy, Processes, Products & Services, Technologies
Canetta et al. (2018) [44]  pccocsment and Impact Analysis Maturity No  Industry and Personnel
. Framework of Action Fields and . Customer, Data, Value Proposition, Organization,
Gimpel et al. (2018) [45] its Application at ZEISS Maturity No Operations, Transformation Management
. Digital Transformation Capability . Customer, Data, VValue Proposition, Organization,
Aguiar et al. (2019) [48] Maturity Model Framework Maturity No Operations, Transformation Management
. . Governance, Technology, Connectivity, Value creation,
Colli et al. (2019) [49] 360DMA Maturity No Industry Competencies
Schuh et al. (2020) - Organizational Structure, Resources, Information
57] Acatech Maturity No Systems, culture
Strategy & Organization, Employees, Market &
Soares e{;gl] (2021) SHIFT04.0 Maturity No Industry network, Smart operations, smart factory, Smart
products & services
Organization Capability (Human resources,
Borstnar & Pucihar Multi-Attribute Assessment of Maturit Y organizational culture, management), Digital Capability
(2021) [60] Digital Maturity of SMEs Y es (use of technology, the role of informatics, digital
business model, strategy)
e . Readiness . . . .
Cunha & SMES’ Digital Transformation & Maturit Y Indust Vertical Integration, Horizontal Integration, IT, Product
Sousa (2021) [65] Roadmap 4 es naustry Development, Marketing, People & Processes
Gokalp & Martinez DX-CMM Maturity No Industry Strategic Governance, Information Technology, Digital

(2021) [67]

Process Transformation, Workforce Management
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Nerima Digital Maturity Balance Model Public

& Ralyté (2021) [13] for Public Organizations Maturity No Sector Data, IT Governance, Strategy, Organization, Process
Sandor & Gubén Digital Maturity Technical Maturit v Peopleware, Online Presence, Technical solutions,
(2021) [73] Architecture y es Orgware, Software, Hardware
Costa et al. (2022) [77] Digital maturity of micro and Maturity Yes 5 Strategy, leadership, products; operations culture,
small enterprises people, governance, and technology
. . Human Resources, Product & Service Provision
Merzlov & Digital Maturity Model for . b AV - '
Shilova (2022) [80] Organizations Maturity No 5 Marketing, Loglstlcs,SFlnance & Accounting, and
upport
. - .. Knowledge base, Expandability, Governance,
Ehrensperger et al. Maturity Model for Digital - Digital B o
(2023) [87] Business Ecosystems Maturity No Business Transparencyét(;ggz:z?;::trig%/, Reusability,

Haryanti et al (2023) Structure & Organization, Technology, Strategy,

[88] DX-SAMM Maturity No 5 Customer, Employee, Culture, Transformation Process
- Maturity Model of Digital
Tiss & Transformation in Supply Chains:  Maturity No Supply 5 Technology, User Experience, Organization

Orellano (2023) [90] Chain

A Multi-dimensional Approach

One of the first clear findings of our analysis is the visible need for more standardization of models across the
academic space. Within the 24 models, we see 80 unique names listed for the dimensions academics selected as the key
areas to be assessed in digital transformation. This point highlights the need for more standardization in defining the
different dimensions that must be evaluated in the maturity or readiness of a digital transformation. It is even more
relevant when considering the timespan between 2015 and 2023, as most (46%) of the models were published between
2021 and 2023, meaning almost half were published very recently. However, we identify a significant gap in normalizing
what is being assessed, even though those models could have used previous publications as a clear proposal for a
standardized approach. That lack of consistency is likely due to the complexity already indicated around digital
transformation and a significant increase in research in this field [3].

While we identify many unique names for the assessed dimensions, we can see synergies in strategy, technology,
organization, and people. Those aspects are consistent across most models, though represented through different
nomenclature in those areas. However, what is more interesting is the conflicting views of some of the authors. We see
authors such as Berghaus & Back (2016) [39] profoundly focused on digital readiness and maturity from a business
perspective. On the other hand, we see different models that are fundamentally focused on the technology aspect of the
transformation, such as Ehrensperger et al. (2023) [87]. The mentioned conflict exists, as both claim to look at a maturity
assessment model and its value to organizations without considering the same baseline to assess. Nevertheless, all models
consider the transformation a multi-dimensional process, with conflicts arising mainly from the weight they apply to the
different dimensions.

As we described previously, we summarized the 80 different unique names in 25 normalized dimensions of digital
transformation assessment (see Table 13). Table 14 provides an essential view of the key focus areas across the different
assessment models. It brings to light a transparent understanding that Technology, People, Strategy, and Organization
are the most used dimensions across all the models. This pattern tells us that the community is wholly aligned on some
key aspects that shall be considered in a digital transformation assessment, which is a relevant confirmation point.
However, which is the most critical finding to confirm our statement that we lack a standardized approach, we see that
53% of the hits we identify in the models account for 21 different dimensions (already post-initial normalization). That
means it is likely that the extension of the core dimensions (Technology, People, Strategy, and Organization) has yet to
achieve the same level of shared understanding, leading to very different and sometimes conflicting views of what is
essential to assess.

In the context of our research, especially considering the gap listed before regarding the need for more profound
research in the field of readiness instead of maturity, we can also see data supporting it coming from the analysis of the
assessment dimensions. For example, Monitoring and Control, which could very well be an essential area to assess when
trying to understand how to maximize results, shows a 0.7% usage, being the lowest of all the different dimensions,
together with Structural Changes, no less than a dimension related to change management (especially critical when
discussing readiness). In addition, marginally higher (1.4%), we see other dimensions that could arguably be very
relevant in a state of readiness to adopt a change, such as Collaboration, Business Model, or Value Proposition, but with
less focus on the research work we analyzed. One of the possible reasons to justify the enormous gap between the top 4
and the remainder is that those top 4 could be broad enough to include some of the rest, but that would support our
finding that this lack of standardized definitions leads to very confusing approaches. By reviewing the most and least
used, it is safe to say it supports the statement that research has focused on maturity, as the top dimensions are much
more oriented to a measure that indicates “how far it is implemented.” In contrast, the least used dimensions are
connected to the aspects that are less related to that implementation phase but rather to a state of readiness to embrace
that execution. These dimensions often act as enablers to create the willingness to adopt and maximize change [32, 33].
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In the context of this research, we also see an ambiguous usage of the terms maturity and readiness, with the two
terms frequently being used to describe the same, though they have two very different meanings. For example, de Carolis
et al. (2017) [42] refer to their model as “readiness” but describe a maturity assessment throughout their research. In
only two clear cases, Lichtblau et al. (2016) [40] and Cunha & Sousa (2021) [65], can we identify a clear separation in
understanding between maturity and readiness, though having presented limited clarity on what is the actual difference
in the practical execution of the model.

Most of the scientific knowledge present in the domain of maturity and readiness assessments is designed for larger
companies. It does not cater to small and medium businesses in the sense of tailoring the whole assessment approach to
compensate for the identified gaps in those companies (resources, knowledge, and funds) as, for example, North &
Varvakis (2016) [23] identified in their work. However, in more recent models, there is already a more conscious view
of SMEs, with three of the models that consider SMEs being published in 2021 and 2022, which accounts for 37,5% of
the models published in those years (from our selected subset), in comparison to the interval 2015 to 2020, with only
one model accounting for SMEs (7%).

Figure 8 summarizes the number of models (selected for this research) published by year. We cannot identify any
pattern contrary to the constant evolution of general publications in the digital transformation space (see Figures 3, 4,
and 5). One relevant data point is the spike of published models in 2021, consistent with the significant increase of
publications from 2020 to 2021 in Scopus in digital transformation, digital readiness, and digital maturity (see Figure 2).
While we have no data to confirm it, one possible hypothesis is that COVID-19 and its ripple effect may have added to
increasing the interest in the digital space due to the worldwide spread of lockdowns.

Models published by year

Number of Puboished Models

2016

2017 2018 2019 2020 2021 2022 2023

Year of Publication

Figure 8. Models published by year
Lastly, Table 16 summarizes some additional critical findings related to the research questions we defined.

Table 16. Other critical findings related to the research questions

RQ Question Key Findings
Reviewing the selected models has provided additional insights for further research. While
What current state-of-the-art models  we searched by maturity and readiness models during our article selection, we can identify
1  assess the organization’s maturity or  that 92% of the selected models are focused on Maturity Assessment, with only the remaining
readiness in their digital transformation? 8% (2) bringing some aspects of readiness, though without a clear separation of what is
readiness and what is maturity.
Based on the identified models, is there a An |mp_)ortant finding in our analysis is t_he significant gap between small and medium
. . enterprises and large enterprises when looking at assessment models. Four of the 24 models
2 clearly defined subset designed for Small X . LY -
. . approach the SMEs’ perspective (16%), a significantly small portion of the overall research
& Medium Enterprises? . - -
in the maturity and readiness models.
. Our work has assessed that more than 90% of the models use a self-assessment/questionnaire
What models assess using the : . . . . . .
erspectivefinouts  from the  general approach, with minimal segmentation of what profiles will respond to those questionnaires.
3 persp p g The majority is focusing either on managers or without categorization at all. None of the

employees rather than focusing on the
company’s management?

models compares general employees and senior management, using that data to understand
better what could be a perception gap.

Page | 2295



One of the essential findings of our research is the confirmation of the preliminary views shared by Vol? & Pawlowski
(2019) [35], where the authors have positioned the possibility of the existing research being very biased towards the
senior management perspectives, which carries multiple risks. Our research has confirmed that same view and went a
few steps deeper by not only identifying that most of the research is indeed not fully considering the employees'
perspective but also not distinguishing the concepts of readiness and maturity. While some models refer to that concept,
none fully defines the criteria that uniquely identify what is maturity and what is readiness, and often refer to the two
terms while presenting very similar criteria. We could not identify systematic literature reviews within readiness and
maturity models. Hence, the one published by VoBR & Pawlowski (2019) [35] serves as our reference. However, the
models of Lichtblau et al. (2016) [40] and Cunha & Sousa (2021) [65] also provide an exciting view of the combined
view of readiness and maturity. We could not, though, once more, fully extract the clear separation between maturity
and readiness, which makes it complex to assess the validity of our research fully. One of the possible explanations for
this lack of investment in the clear separation of the concepts is the reasonably recent phenomenon of digital
transformation. We can see in Figures 2 to 8 a steep increase in the research in these fields, but an increase that starts
somewhere in 2017 or 2018. While the DT is so widely discussed today, there are still entirely open questions, especially
when trying to understand what is behind some of the failures in delivering those transformations and failures to
maximize the results. The concept of maturity is more known due to the influence of previous models, such as Capability
Maturity Model Integration (CMMI), while the concept of readiness is not so widely used, and the data presented in
Figures 2 to 8 help support that understanding. This scenario is even more apparent if we add the SMEs' context. If we
consider only from an SME perspective, the gap is even more significant as we have not identified any relevant research
isolating readiness within SMEs' environments.

3-3-Discussion

In this chapter, we discuss the findings obtained by reviewing the 59 selected articles and 24 shortlisted maturity and
readiness models using the lenses of three of our research questions.

State-Of-The-Art Maturity & Readiness Models:

Reviewing the 59 shortlisted articles has provided relevant insights into the existing line of research. 92% of the
reviewed assessment models are purely focused on maturity assessment, and the remainder, 8% not being entirely
focused on readiness assessment. On the one hand, the literature demonstrates the relevance of understanding the
readiness aspect of the transformation. However, on the other hand, the research of assessment models for that readiness
needs to catch up to maturity models. This point is particularly relevant when we revert to the findings of Lokuge et al.
(2019) [32] and Kane et al. (2018) [33], which indicate that a lack of organizational readiness is crucial to the failure to
achieve digital transformation outcomes. Our analysis is also supported by the data we collected regarding the factors
that are more of the focus in the different models. There is a clear focus on the factors (dimensions) that derive from an
organization’s maturity rather than its readiness to embrace that implementation and obtain the expected results.

In addition, there is minimal alignment across academia on the critical elements to be evaluated in a model of this
kind. While there is some alignment in four dimensions (Technology, Strategy, People, and Organization), there is also
a very diverse set of directions taken in the remainder of aspects to be evaluated, indicating a gap that needs to be
addressed in the current published work.

The data is precise, and there is a significant investment in research in the field of digital transformation, including
assessment models. However, our research has demonstrated a substantial gap in the field of readiness assessments, even
though the literature unequivocally references this readiness as a critical aspect of the success of any transformation
within an organization. We see a clear opportunity to develop an assessment model designed to look at an organization’s
readiness, potentially as a critical step to address the large number of companies that fail to obtain the results they expect
from a digital transformation [28].

Models That Apply to Small & Medium Enterprises:

To set the context, the numbers presented for Europe in 2019 and 2020 demonstrate that SMEs contribute a significant
part of the number of companies within the European Union. The relevance of these companies is undisputable,
contributing to more than 50% of countries’ gross domestic product (GDP) [18, 19]. However, fully supported by the
literature, SMEs must keep up with technological advancements, which is critical to their growth and business
sustainability [20]. These companies need more human resources and technical skills to face digital evolution [30]. That
combination of technology with required skills holds real value for SMEs [24, 25].

However, in the context of our research, we do not find the research work as focused on these companies (from a
digital transformation perspective), irrespective of its weight to the global economy. The fact that more than 86% of the
assessment models we selected do not refer to SMEs seriously indicates a disproportional investment into models catered
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to larger organizations. If we consider the data from the European Commission, more than 90% of companies are SMEs,
with that 90 % accounting for 50% of the GDP. However, the assessment models are more than 86% focused on the
10% of the remaining companies. Figure 9 helps visualize the disproportional investment in research focused on larger
companies, lagging in a space (SMEs) that is factually, at least, equally relevant to the global economy.

Larger

gl:?’:“lﬂ SMEs (90%"') Co:‘r;;n}ies

Gross

Domestic 50% 50%

Product

SMEs Larger Companies
14% 86%

Figure 9. Relationship between the number of companies and assessment models’ focus (European Commission Data)

Our research points to a clear gap in assessing SMEs’ digital transformation. This point is valid regarding maturity
assessments but even more valid when addressing readiness models. Of the 16% of models that somehow consider
SMEs, 75% are maturity assessments, and only one of the four considers readiness in combination with maturity without
clearly defining the differences.

Are the Models Focusing on Employees?

In 1997, Birkinshaw’s [91] work pointed out that perceptions between managers and employees when understanding
readiness for change may differ. This data point does not seem to have changed much, and some of the work by Vo8 &
Pawlowski (2019) [35] indicates that same challenge.

While perceptions may vary, managers must realize those perceptions to tackle the gaps and discrepancies to achieve
the expected results [34]. Identifying those differences in readiness for change may play a critical role in success and
should be considered when addressing readiness assessment models. Our analysis is aligned with the previous findings
of Vol} & Pawlowski (2019) [35], which pointed to a clear gap in developing readiness models that better understand
the employee’s perspective rather than so much focused on the managers’ view. In their work, Trenerry et al. (2021)
[92] bring essential evidence to support the point that digital transformation lags in employee-centric factors, also
supporting Birkinshaw (1997) [91] with the view that employees and managers may differ in the perception of what is
needed to adopt change and what state of flux the company is in.

Our research, considering the literature view, has evaluated all the models, and no models have yet taken the
employees’ perspective and the difference of perspective to managers as a critical pillar of the assessment. While
some models broach this aspect through questionnaires raised to all employees, they all differ, indicating a significant
gap, especially with the gaps identified in readiness models and the lack of focus in SMEs. This data point raises a
crucial area that can be significantly further developed in combination with the developments of the other key
identified gaps.

4- Proposal for a Standardized Set of Categories and Subcategories to Assess Maturity and
Readiness in Digital Transformation

In this chapter, we propose a new baseline set of categories and subcategories that may be used for future standardized
assessment models for digital transformation. Our proposal is based on the existing models and all their work to define
their assessment dimensions. We followed a three-step approach:

¢ Normalize the initial 80 unique dimensions found in the assessment models. See Table 13.
o Cluster the normalized dimensions in overarching categories.

o Further aggregate dimensions that have significant proximity.

4-1-Cluster the Normalized Dimensions in Categories

The normalized dimensions give us a better picture of the aspects covered by the selected models. However, we need
a more straightforward way to categorize them that could be helpful in future usages of this outcome. The Cambridge
Dictionary [93] defines the category as “(in a system for dividing things according to appearance, quality, etc.) a type,
or a group of things having some features that are the same.” From this definition, we understand that a category is an
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approach to different group dimensions, creating an overarching group of categories that fully summarize the identified
normalized dimensions.

To support the process of identifying possible categories, we identified in previous research [54, 94-99] that lists three
critical blocks of a digital transformation: (1) External Digital Transformation; (2) Strategy; (3) Internal Digital
Transformation. Those could be our three categories, but external and internal could need more tangibility, as otherwise
too generic. Hence, we have reviewed the different dimensions and defined the following categories with the support of
the literature referenced above:

o External Digital Transformation: Summarizes the aspects focus on the outer facing elements of the company such
as customers, products, and business models). Hence, we split it into two categories:

o Market: What is the company’s market to be addressed, what customers are being served, and what products
are being sold

o Business Model: What business models is a company addressing in the identified market?

« Internal Digital Transformation: Summarizes the aspects that focus on the internal factors a company must address
to transform, such as people, culture, organizational structure, or processes. We split this into two categories:

o Processes: How is the company managing the operations that are key to the organization
o Organization: All the aspects related to how companies organize to execute the defined processes.

With this approach, we concluded the following categories: Market, Business Model, Strategy, Organization, and
Processes. Those five categories allow us to map every single normalized dimension to it, based on its description and
definitions coming from the selected models (using Table 12 description as the base), building a more comprehensive
view of what block of digital transformation is influenced through what dimension (See Table 17, summarizing the
mapping between categories and normalized dimensions).

4-2-Normalize the Subcategories

In the previous chapter, we identified five possible categories to summarize the normalized dimensions. In Tables 12
to 17, we documented the process that started from 80 unique dimension names towards normalized dimension
nomenclature mapped to the identified categories.

As the last step, we have looked into the 25 dimensions. Based on Table 12, we identified further synergies that could
simplify the different areas used for future assessment models. To streamline the overall outcome of our research, we
assume that category has subcategories, and that subcategory is defined in the Cambridge Dictionary (Cambridge
Dictionary, 2023) as “(in a system for dividing things according to appearance, quality, etc.) a category (= a type, or
a group of things having some features that are the same) that is part of another category,” and that we can map the
normalized dimensions as subcategories of the categories summarized in Table 17. Table 18 summarizes the renamed
dimensions and the merging of some of those based on its definition (Table 12).

The result of this process led to a proposal that summarizes five categories and twenty subcategories. As in Table 18,
in some cases, we propose a name change (e.g., Business Model to Business Structure). In contrast, in another case, we
merge different ones under an overarching subcategory that can have one name or a completely different one (e.g.,
Products & Services = Changes in Value Creation + Products & Services).

Table 17. Normalized dimensions mapped to the five overarching categories

Normalized Dimensions Business Model Market Strategy Organization Processes

Process X
Monitoring and Control X
Technology X
Organization X
Strategy X
People X
Business Model X
Customers X
Smart factory X
Culture X
Structural Changes X
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Changes in Value Creation

Innovation
Collaboration

Transformation

Vertical Integration

Horizontal Integration

Products & Services

Leadership
Operations

Governance

Value Proposition

Market & Marketing

Logistics

Finance

X

Table 18. Mapped normalized dimensions to renamed subcategories and to proposed categories

Category/Subcategory

# of mapped hits of the original
non-normalized dimensions

Mapped normalized dimensions

% present in the
reviewed models

Business Model

Business Structure
Products & Services

Innovation

Customers
Value Proposition
Go To Market

Strategic Planning
Change Management

Transformation
Organizational Strategy

Technology

Organizational Structure
People
Culture
Collaboration

Leadership

Operations

Process Management
Monitoring & Control

Governance

10

27

13
14

11

Market

Strategy

Organization

Processes

Business Model
Changes in Value Creation
Products & Services

Innovation

Customers
Value Proposition
Market & Marketing

Strategy

Structural Changes
Transformation
Vertical Integration
Horizontal Integration

Technology

Organization
People
Culture
Collaboration
Leadership
Operations
Smart Factory
Logistics

Finance

Process
Monitoring & Control

Governance

1.4%

7.2%

1.4%

5%
1.4%
2.9%

7.2%
0.7%
3.6%

2.9%

19.4%

9.4%
10.1%
4.3%
1.4%
2.2%

7.9%

5.8%
0.7%
5%
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Finally, similarly to the process presented in Table 14, we have also mapped each of the hits of the non-normalized
dimension (across the 24 assessment models) with the newly proposed subcategories. The findings are similar to the
ones discussed in Chapter 3.

4-3-Map the Selected Articles against the Newly Defined Categories

As a tool to assess the scope of the different models and simultaneously test the defined categories in terms of
coverage, we have mapped the selected models against the specified categories. Mapping a category to a specific model
indicates that the model at least covers one of the subcategories of that category. Table 19 summarizes the mapping.

Table 19. Selected models mapped against defined categories (cover at least one subcategory)

Publication Business Model Market Strategy Organization Processes

de Carolis et al. (2017) [42] X X X
Leino et al. (2017) [31] X X X X
Lichtblau et al. (2016) [40] X
Matt et al. (2015) [38]
Berghaus & Back (2016) [39] X
Leyh et al. (2015) [37]
Schumacher et al. (2016) [41]
Klétzer & Pflaum (2017) [43]
Canetta et al. (2018) [44] X
Gimpel et al. (2018) [45]
Aguiar et al. (2019) [48]
Colli et al. (2019) [49] X
Schuh et al. (2020) [57]
Soares et al. (2021) [75] X X
Gokalp & Martinez (2021) [67]
Nerima & Ralyté (2021) [13]
Cunha & Sousa (2021) [65] X

Séndor & Gubéan (2021) [73]

X X X X X X X X X X X X X X X X X X

Borstnar & Pucihar (2021) [60] X
Merzlov & Shilova (2022) [80]
Costa et al. (2022) [77]
Haryanti et al (2023) [88]

X X X X X X X X X X X X X X X X X

X X X X

Tiss & Orellano (2023) [90]

X X X X

Ehrensperger et al. (2023) [87]

Based on the mapping summarized in Table 19, it is possible to extract some insights that help to understand the
designed models better:

o 38% of the models have at least one category business model category, but 96% have at least one subcategory of
strategy, which is vastly explained by the fact that technology-related dimensions are the most used in all the
different models.

o Market and Processes are mapped to 50% of the models.

e Only 8% (2) of the models have at least one subcategory in each one of the categories, and there are no models
with no category mapped to it.

o In addition, we have about 25% of the models “only”” mapped to two categories and 63% to three categories.

These insights help support the fact that the different models follow no single approach. However, the mapped
categories distribution supports that all models could leverage one standardized procedure, as the majority (75%)
consider at least three categories.
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5- Conclusions

Our research has carried out an extensive literature review, attempting to understand better how companies can be
more successful in their digital transformation, especially the SMEs that play such a vital role in the global economy.

Through the process, collected data, and findings, we have positively contributed to creating a more vital awareness
of what factors play a role in the overall digital transformation and highlighting some research gaps that could
significantly support enterprises in their journey. Looking back to our defined research questions (RQ) and how
successfully we have answered them through this work:

RQ1)

RQ2)

RQ3)

RQ4)

RQ5)

What is the current state-of-the-art in developed models assessing the organization’s maturity and readiness in
digital transformation?

We have researched several models and documented their approaches, dimensions, and levels. We have also
established if those models focus on Maturity or Readiness assessments (See Table 15). We shortlisted 59 articles
and assessed in detail 24 models that provide an excellent view of the current line of research in the field of
readiness and maturity assessment models.

Based on the identified models, is a clearly defined subset designed for Small and medium Enterprises?

Through the review of the selected models, our work has identified a minimal subset of models that assess the
maturity assessment of SMEs, with minimal research that focused solely on SMEs. We have presented the data
that shows the relevance of SMEs to the global economy and that there is an even level of investment in research
in this field, which is possibly detrimental to the future development of the different country economies, as those
depend heavily on SMEs, and with their limitations of resources and skills, will need significant support to
transition to a more digital-oriented business model successfully. The gap in the research of assessments for
SMEs, specifically readiness assessment, is demonstrated in our work and brings to light a tremendous
opportunity to develop further.

What models are being assessed using the perspective/inputs from the general employees rather than focusing on
the company’s management?

In line with the findings in SMEs, we have reviewed the models that look at the general employees and their
managers and consider their differences in perspective as a critical factor to land a successful transformational
change as a digital transformation. Despite the literature demonstrating the significant relevance of this factor, the
current published research has not yet addressed it or fully incorporated it in evaluating an organization’s
readiness or maturity.

What key influential factors do the authors identify within the identified models as the base for their assessment?

Our work has identified 80 unique names that define the factors (dimensions) influencing digital transformation
within different models and shall be evaluated when assessing. The challenge we identified is the need for more
standardization and a common approach. As demonstrated, we could identify common areas in Strategy,
Technology, People, and Organization, but at the same, a very conflicting view in other aspects that may even be
complementary. Through our approach, we have reviewed all the 80 listed dimensions and defined an aggregated
and summarizing view that covers all the different angles from the different models. The results are summarized
in Table 12, where it is possible to see a normalized list of 25 dimensions that cover all the various perspectives
presented in the different research lines considered in the 24 reviewed models.

What is the most appropriate logic to bundle those factors in the critical assessment dimensions?

The last step of our research was to propose a baseline set of categories and subcategories that could be used as a
standard approach for any readiness (and maturity) assessment in future developed or enhanced models. We have
summarized the review and proposal in Table 19. The final proposal comprises five categories (Business Model,
Market, Strategy, Organization, and Processes) and 20 subcategories.

5-1- Contributions

This work has successfully answered the five different research questions and Identified four research gaps of critical
relevance to be addressed in future research:

There is no clear focus in readiness assessment models despite the proven scientific knowledge that readiness for
change is critical to maximizing the transition successfully. This gap is particularly relevant when readiness as a
success factor has been identified to be so critical [32, 33]. With that being so critical, but at the same not isolated
as a dimension to be assessed in the context of the digital transformation, we may lead up to a situation where we
are not addressing the core of one of the possible justifications for so many organizations failing to achieve their
expected outcomes.
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e There is no focus on developing readiness models for Small and Medium Enterprises, despite the significant weight
these companies have in the total number of active companies, number of employees, and contribution to
countries’s gross domestic product. The relevance of the SMEs must be reflected in the research investment to
support these organizations. The value of organizational readiness is valid for SMEs as for Large Enterprises, but
the characteristics of an SME are different, and therefore, the need to tailor the research of readiness within the
SMES' context may be very much needed.

e There is no focus on considering the difference in perspective between general employees and senior management
regarding readiness for change, despite the strong evidence that understanding these differences in perspective and
tackling the differences play a vital role in successfully landing change. The literature has made clear [34, 35, 91,
92] the importance of addressing the differences in perception between employees and senior managers, and more
importantly, has shown that this gap may lead to higher risks while delivering change. Therefore, this gap requires
a stronger focus from the scientific community as we witness failures in delivering that change while
simultaneously limiting investment in addressing this issue of differences in perceptions and understandings. There
is no standardized set of factors (dimensions) used across the research community when defining what aspects
shall be evaluated regarding maturity and readiness in digital transformation. Our research demonstrated that
across 24 assessment models, the authors have used 80 unique named dimensions, with many of those meaning
the same thing but with a different name. With the increased attention to digital transformation, it becomes more
critical to drive some standardization that facilitates the future development of new models or even the
enhancement of existing ones. If all authors start from different baselines, we may never be addressing the common
problems the organizations are facing.

In addition, and as summarized in Table 19, this research contributes to the scientific community with a proposal of
the categories and subcategories that shall be used as a standardized approach to further develop assessment models in
digital transformation.

Our research has significantly contributed to the scientific community by not only updating a much-needed review of
the assessments in the field of digital transformation but especially by introducing a set of aspects that needed to be
consistently considered in previous reviews. Especially:

o Itis considered that, as per definition, readiness and maturity are two very different states and, more importantly,
that digital transformation is a change. Hence, one must consider what is needed to be ready to adopt that change.

o Itis considered that digital transformation is significant to large enterprises, but it is equally essential for SMEs.
Hence, those cannot be ignored.

o It is considered that general employees and senior managers have different perceptions; thus, they shall be
considered as having different views of the state of readiness.

o Itis considered that after so many years of research in digital transformation, it is becoming more imperative that
the research community starts to use a more standardized set of factors to assess, as that may simplify the
enhancement of the existing models and drive the development of more complete ones.

5-2- Opportunity for Further Research

This research work has unequally identified four significant gaps in the literature that are ultimately an excellent base
to develop further to close those gaps. The most significant opportunity in the context of this research is the development
of a readiness model that is simple enough for Small and Medium Enterprises and leverages the proposed categories and
subcategories (see Table 19) to assess the state of readiness of an organization to maximize the results of their digital
transformation. Especially when data shows that a considerable number of companies still fail to obtain those results, it
becomes imperative that organizations tackle more of what is preventing that maximization rather than focus on
implementing changes. Maturity is essential, but as we demonstrated in this research, readiness is, and must be addressed
as a separate assessment profile, and more specifically, must consider the employees and senior managers as two
different entities and their gap in perception as a critical variable to measure a possible gap that requires intervention.
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