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Digital maturity models (DMMs) already have a long history of providing organizations with structured
approaches for assessing and guiding their digital transformation initiatives. While descriptive and
prescriptive DMMs have seen extensive development, comparatively few models focus on benchmarking
digital maturity internally as well as externally across multiple organizations. Moreover, existing literature
frequently highlights persistent shortcomings, including limited theoretical grounding, methodological
inconsistencies, and inadequate empirical validation. This study addresses these gaps by synthesizing insights
from a systematic literature review of 58 publications into a cohesive set of design principles for comparative
DMMs. We differentiate between “usage design principles,” which adapt established descriptive and
prescriptive DMM components to comparative contexts, and newly formulated principles developed
specifically to accommodate implicit data sources and support ongoing benchmarking. The resulting
framework provides researchers and practitioners with a foundation for designing, evaluating, and selecting
comparative DMMs that are more conceptually robust, methodologically sound, and empirically viable.
Ultimately, this work aims to enhance the overall maturity and applicability of comparative DMMs in
advancing organizational digital transformation.

1 INTRODUCTION

For decades, Digital Maturity Models (DMMs) have
played a central role in digital transformation research
within the discipline of Information Systems, leading
to the development of numerous models.
Nevertheless, recent publications on the subject
consistently identify similar weaknesses in DMMs
and propose areas for improvement (Thordsen et al.,
2020; Thordsen & Bick, 2023). Recurring critiques
include  insufficient  theoretical  grounding,
methodological inconsistencies, limited value
creation, and the lack of a clear link between digital
maturity and  organizational performance—a
connection often referenced as justification for
advancing these models (Schallmo et al., 2021;
Teichert, 2019). These critique points continue to be
regarded as significant weaknesses in existing DMM
frameworks. In an effort to address these issues,
several publications have already proposed research
agendas. Such agendas aim to clarify the specific
challenges within DMM research and outline
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preliminary research questions that, if explored, could
advance the field and contribute to the maturation of
DMM research (Thordsen et al., 2020; Thordsen &
Bick, 2023). To improve accessibility, research
agendas can be simplified into two main directions
essential for advancing DMMs: expanding the
theoretical foundation and empirically validating the
models—particularly the construct of digital maturity
(DM) in relation to tertiary factors like performance
and sustainability. The former focuses on how the
creation of DMMs can be made more
methodologically  rigorous, which additional
management theories can be applied, how the quality
of DMMs can be assessed, and how general standards
can be established. The empirical direction centers on
determining whether and how DMMs generate real
value in practice. This includes examining if higher
digital maturity has statistically measurable impacts
on factors such as organizational performance, stock
prices, sustainability, customer satisfaction and
access to external capital. Despite having
fundamentally different goals, these two areas are
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interrelated. Statistical significance in observed
effects and high usability for model users are best
achieved with a theoretically grounded, rigorously
developed, and high-quality model. The theoretical
contributions to DMM research thus indirectly
influence the empirical dimension, as advancements
in model quality enable more robust empirical
investigations. A central aspect of the theoretical
foundation of DMMs is seen in the development
process. In existing research this is primarily
associated with the Design Science Research (DSR)
approach, widely regarded as the dominant method
for creating DMMs. This design process, firmly
established in the literature, provides detailed
guidance on how to develop a DMM. However, as
already noted by Poppelbufl and Roglinger (2011),
the components that are often overlooked are the form
and function of these models. At the same time
research repeatedly demonstrates that such
comparative models are essential for conducting
empirical studies on the relationship between
maturity and other factors. For example, a statistical
correlation  analysis between maturity and
organizational performance would require a maturity
index tracked over time across multiple
organizations. These types of scores are inherently
developed in the creation of comparative models, as
they form the basis for effective benchmarking.
research question for this study is therefore: What
general design principles should comparative
maturity models comply with to maximize their
usefulness within their application domain and for
their intended purpose? To systematically address
this question, the following chapters will present a
systematic literature review aimed at synthesizing
and structuring design principles that enhance the
utility of comparative DMMs and digital maturity
benchmarking approaches. These principles will be
compiled into a structured framework, providing a
foundation for both researchers and practitioners to
more effectively design and evaluate comparative
DMMs.

2 THEORETICAL
BACKGROUND

2.1 Comparative Digital Maturity
Models

When it comes to organizations the term maturity is
defined as a "reflection of the appropriateness of its
measurement and management practices in the

context of its strategic objectives and response to
environmental change," or more pragmatically as a
"measure to evaluate the capabilities of an
organization in regard to a certain discipline”
(Thordsen et al., 2020, p. 360). Maturity models
assess an organization’s maturity level within a
specific domain, such as processes or technologies in
use. These models differentiate phases representing
levels of maturity (Becker et al., 2010; Paulk et al.,
1993). Applying maturity models involves a three-
step process: assessing the current state (often via
tools like questionnaires), defining a target state, and
bridging the gap by planning subprojects and
monitoring progress. DMMs evaluate and enhance
digital capabilities, often considered equivalent to the
degree of digital transformation. Unlike linear
definitions imply, digital maturity is not a fixed
endpoint; pathways to maturity depend on optimized
factors and contingency considerations (Mettler &
Ballester, 2021). Moreover, the required capabilities
in digital transformation constantly evolve, making
full maturity a temporary state until new
advancements arise (Braojos et al., 2024; Rogers,
2023). Traditionally, this ongoing organizational
development has only been addressed inefficiently by
DMMs. These models require continuous
application, with comparisons to competitors
revealing an organization’s relative digital maturity in
practical terms (Minh & Thanh, 2022; Thordsen &
Bick, 2023). The neglect of this aspect is however not
due to the absence of a corresponding DMM type. In
the foundational differentiation by Poppelbufl and
Roglinger (2011), the comparative DMM type is
listed alongside descriptive and prescriptive types but
has received little attention in research. Comparative
DMMs are defined as models that "allow for internal
or external benchmarking" (p. 5) Developing such
models requires "sufficient historical data from a
large number of assessment participants,” (p.5) which
explains their limited presence in existing research
(PoppelbuB & Roglinger, 2011). There is a limited
amount of consulting surveys addressing the research
gap by collecting maturity assessments over time
(Rossmann, 2018). However, frequent assessments
are impractical for continuous assessment. Textual
datasets have emerged to overcome this limitation in
academic research, often functioning as means in
studies focussing on the correlation between digital
maturity and economic or sustainability performance.
For example, Hu et al. (2023) developed a Digital
Transformation Index for China, generating digital
maturity scores for all publicly listed Chinese
companies across multiple periods. Based on a
keyword lexicon from digital maturity literature, the
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index uses annual reports as the primary data source
to identify digital capabilities, enabling relative
rankings. This ranking was used to explore the
relationship between corporate maturity mismatch
and enterprise digital transformation. Although
creating a comparative DMM was not the primary
goal, it was implicitly achieved for empirical analysis.
Similarly, Guo & Xu (2021) analyzed digital maturity
in manufacturing firms using annual reports and a
custom keyword library tailored to the sector,
selecting 53 specific keywords. To address the
limitation of annual reports being published yearly
with limited digital transformation data, Ashouri et al.
(2024) applied web scraping. This method analyzed
annual reports and additional company information,
identifying digital transformation efforts at product
and organizational levels. Yamashiro & Mantovani
(2021) also utilized scraping, focusing on external
news websites to create a dataset for the Brazilian
market. Axenbeck & Breithaupt (2022) combined
these approaches, integrating corporate website data
with news from Germany’s largest outlets. Using a
transfer learning model, the authors assessed the
digital maturity of German companies. The literature
on developing actual DMMs for benchmarking is
more limited. Tutak & Brodny (2022) used a
European Statistical Office dataset to compare
maturity levels of countries based on local
organizations. Their DMM analyzed eight ICT-
related indicators. Warnecke et al. (2019) focused on
Smart Cities, evaluating public sector organizations
via a web platform and incorporating a prescriptive
model. Being able to repeatedly use the model,
highlighted changes over time and facilitated
benchmarking as the user base grew. (Breitruck et al.,
2024) expanded on these methodologies, using a
significantly larger dataset of 1 billion pre-processed
articles. Their approach explicitly focused on DMMs
as benchmarking tools.

2.2  Design-Oriented Research

To better understand utility and identify principles
that enhance utility in the design of comparative
DMMSs, a fundamental definition of the term is
essential. In this research, DMMs and similar
concepts for assessing digital maturity are regarded as
artifacts which are created and validated through a
design process. While comparative DMM studies do
not exclusively rely on Design Science Research
(DSR), its principles are observed in alternative
methodologies. DSR defines artifacts broadly,
encompassing design theories, principles, models, or
guidelines, depending on the problem's maturity and
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application context (Baskerville et al., 2018).
Notably, in DSR, the sequence of deriving design
principles from requirements and using them to
validate an artifact is often reversed. In practice,
artifacts are first created and validated, afterwards,
principles or theories are developed. Though
counterintuitive, this approach aligns with DSR’s
iterative nature. Two core principles distinguish DSR:
research-oriented design and  design-oriented
research. In practice, artifacts developed by
consultants or industry focus on functionality and
completion. By contrast, design-oriented research
emphasizes knowledge generated during the design
process, often resulting in experimental prototypes.
This distinction applies to DMMSs: consulting firms
create detailed models without emphasizing gained
knowledge or methodology. Academic publications,
however, focus on both the artifact and insights from
its creation. This contrast is reinforced by DSR’s core
principles, ensuring findings are methodologically
sound and externally validated (Fallman, 2007). The
two foundational principles of DSR, relevance and
rigor, serve as pillars to ensure artifacts are both
practically relevant and methodologically robust. To
uphold these, numerous process models, guidelines,
and principles have been developed to aid researchers
in creating context-specific artifacts. In DMMs,
publications provide guidance through design
principles. Becker et al.’s (2009) model is widely
recognized as a benchmark for DMM development
and has been advanced by Mettler & Peter. For DMM
content, Poppelbul & Roglinger’s work is a standard
reference. To identify design principles for
comparative DMMs while adhering to DSR’s
usability and rigor criteria, Hevner’s (2007) three-
cycle model provides a useful framework. Beyond the
design cycle, where the artifact is constructed, the
model includes a relevance cycle and a rigor cycle. In
the relevance cycle, an artifact is relevant if it
improves a specific environment, determined by
establishing requirements and evaluation criteria. The
rigor cycle focuses on selecting and applying
appropriate theories and methods while transparently
communicating contributions to theory and
methodology, including design products, processes,
and project experiences (Hevner, 2007). DPs, applied
in the rigor cycle, draw on pre-existing knowledge
and ensure alignment with validated norms for
artifact development. In the design phase, DPs also
contribute to relevance. Through iterative
construction and evaluation, artifacts are developed in
alignment with DPs, ensuring they meet established
standards and address the problem space. DPs can
specify what users should achieve with the artifact,
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what features it should include, or both—defining
features to support specific user activities (Gregor et
al., 2020).

3 METHODOLOGY

The central objective of this research is to identify and
organize existing design knowledge for developing
comparative DMMSs. To achieve this, relevant
literature will be screened through a systematic
literature review. The resulting knowledge will then
be organized as nascent design theory, expressed as
design principles, following the schema proposed by
Gregor et al. (2020). These principles will be applied
when evaluating existing DMMs to illustrate their use
in validation and implications for the design cycle.

3.1 Systematic Literature Review

The following section outlines the literature search
process. As established in previous research, a
systematic approach to literature analysis was
adopted following the methodologies of vom Brocke
et al. (2015) and Webster & Watson (2002). Since the
theorization and development of design knowledge,
as previously mentioned, follow a counterintuitive
process, literature on the topic of comparative DMMs
will be identified and evaluated with respect to
implicit and explicit design decisions. The search
scope, 2011 to 2024, was set in line with previous
literature focusing on DMMs, marking the time frame
since the publication of the first DMM. Regarding the
potential outlets for the publications reviewed, the
traditional scope based on the IS Senior Scholar
Basket and the four major IS conferences was
expanded. The adjustment was made in response to
the aforementioned need of additional literature on
comparative DMMs. Consequently, all publications
connected to digital maturity published in an outlet
with recognition in the current VHB rating were
included in the search. The rationale for this approach
stem from the fact that many existing models were
developed directly within specific application
contexts, particularly in the finance domain. As
previously mentioned, this is where the potential of
comparative DMMs, even though not always labeled
as such, is currently highly recognized, especially
when conducting correlation analyses between DM
and factors such as financial performance. Given that
literature on comparative DMMs originates from both
Information Systems and Finance disciplines, two
separate search strings were developed. Search string
1 sought to identify explicitly labeled comparative

DMMs, resulting in 409 papers. Search string 2 aimed
to locate publications utilizing DMM-like constructs
to analyze relationships between digital maturity and
other variables, even if the DMM design was not the
primary focus. This search yielded 668 publications.
After removing duplicates and conducting an initial
screening based on titles and abstracts, the combined
sample was reduced to 58 publications including
additional publications identified in a thorough
forward backwar search.

Table 1: Search string overview.

No. Search string
1 TITLE-ABS-KEY ( ( benchmarking )
AND ( ( digital AND transformation )
OR (digital AND maturity ) ))
2 TITLE ( performance OR sustainability )
AND ( ( digital AND maturity ) OR (
digital AND transformation ) ) )

3.2 Design Principle Schema

The synthesized knowledge is systematically
transferred into design principles using the schema by
Gregor et al. (2020). This ensures clear guidance on
how each principle can be applied in constructing and
evaluating comparative DMMs. In DSR literature,
design principles are nascent design theory, offering
prescriptive knowledge on achieving specific goals.
They describe how an artifact should be designed to
enable users to perform tasks successfully. Gregor et
al.’s (2020) approach uniquely incorporates users and
stakeholders into the formulation of prescriptive
design knowledge, addressing socio-technical
systems in which the artifact operates. Gregor et al.’s
(2020) schema, central to this study, identifies seven
components, four of which are actor roles.
Implementers use the principle to create an artifact,
while users employ the artifact to achieve goals.
Enactors support or oversee goal achievement, whilst
theorizers abstract knowledge from applications
without being part of the principle itself. The
remaining components include context, mechanism,
aim, and rationale. Context defines the boundary
conditions and implementation settings for the
artifact. Mechanism describes the processes required
for users to achieve their goals. Aim specifies the
intended objective, and rationale justifies why the
mechanism is appropriate for achieving the aim. In
summary, Gregor et al. (2020) express a design
principle as: "DP Name: For Implementer I to achieve
or allow for Aim A for User U in Context C, employ
Mechanisms M1, M2, ... Mn involving Enactors E1,
E2, ... En because of Rationale R" (p. 1633). This
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framework will guide the structuring of synthesized
design knowledge into design principles in the
following chapter.

4 PRINCIPLES FOR
COMPARATIVE MATURITY
MODELS

In the following section, the design principles
formulated based on the synthesized insights from the
literature are proposed. As shown in Figure 1, a
fundamental distinction between two areas was made:
Usage Design Principles (UP) and Design Principles.
The term "Usage" in the first category was selected
based on the findings of the literature review and
existing DMM literature. Certain aspects of
comparative DMMs can be adapted from other types
of DMMs, such as descriptive and prescriptive
models, as discussed by Poppelbuss and Roglinger
(2011). Consequently, these principles no longer need
to address the fundamental design but focus on how
other DMMs' existing components might need to be
adjusted for use in comparative DMMs. This
approach not only simplifies the construction and
evaluation of comparative DMMs but also addresses
the diversity of existing DMMs highlighted in the
research. It aligns with the notion that models should
not be developed solely for their own sake but only
when a fundamental difference justifies their creation.
By facilitating the recycling of existing models
through the proposed UPs, this approach contributes
to greater efficiency and alignment with the practical
needs of DMM building (Thordsen et al., 2020;
Thordsen & Bick, 2023).

UP1: The first UP cluster focuses on the
foundation of DMMs, leveraging existing approaches
to the fundamental construction of DMMs. Key
aspects highlighted in the literature include the
application domain (UP 1.1), the purpose of use (UP
1.2), as well as the design process and its associated
validation (UP 1.3). Starting with the definition of the
application domain, this qualifies as a usage principle
(UP) because it is already established in the DMM
literature as a fundamental design guideline. This
includes identifying any prerequisites required to
apply the model. A deviation from existing DMM
types must be considered if the model is intended to
work with larger, implicit datasets that may only be
available for specific industries or publicly listed
companies. Therefore determining whether the model
is tailored to a specific industry, company size or is
rather designed to be applied on a broader basis,
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independent of such factors, is crucial (UP 1.1)
(Becker et al., 2009; Haryanti et al., 2023; Poppelbufl
& Roglinger, 2011; Thordsen et al., 2020; Thordsen
& Bick, 2023).

Closely related to the application domain is the
purpose of use, which presents specific
considerations for comparative DMMs, as their
primary purpose is to conduct a benchmarking of
digital maturity levels. It is necessary to further
specify whether this involves internal or external
benchmarking, whether it tracks progress over time,
or by contrast remains purely static. The
benchmarking component is diverse, as the term is
not always understood synonymously in the existing
research (UP 1.2) (Becker et al., 2009; Poppelbufl &
Roglinger, 2011).

The same applies to the design process and the
associated empirical validation of the model. Existing
components of DMM development, based on the
DSR methodology, must be slightly adjusted for
comparative DMMs. Established processes for
development (e.g., Becker et al., 2009; Mettler &
Ballester, 2021) can certainly be utilized, but
modifications are necessary to adapt them for the
comparative DMM type. The benchmarking
functionality is a key component of comparative
DDMs, which, based on a calculation logic, enables
the digital maturity of different organizations to be
compared. This calculation significantly exceeds the
complexity of traditional descriptive or prescriptive
DMMs, particularly when large implicit datasets are
used. As a result, clearer communication and
documentation regarding the composition of these
components during the design process are required n
order for potential users to understand the basis of the
benchmarking calculations. In this context, the extent
to which the developed model has undergone
empirical validation to demonstrate its validity must
also be clearly communicated (UP 1.3) (Axenbeck &
Breithaupt, 2022; Hu et al., 2023; Wu et al., 2024a).

UP2: The second Usage Design Principle cluster
pertains to the structure of the model. Key aspects
include the definition of the concept of digital
maturity (UP 2.1), as well as digital maturation (UP
2.2). Starting with the central construct of DMMs—
the definition of digital maturity—it becomes clear
that fundamental design principles from descriptive
and prescriptive DMMSs can also be applied to
comparative DMMs. For reasons of comparability, it
is even advisable to use already validated constructs
from existing DMMs as the foundation. The most
common form of DMMs in existing research is
structured as capability maturity models, where
digital maturity is divided into dimensions such as
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technology, processes, and leadership, which are then
supported by  associated  capabilities  that
organizations should ideally implement (UP 2.1)

(Becker et al., 2009; Becker et al., 2010; Mettler
& Ballester, 2021).

The same applies to the definition of the various
maturity levels connected to the maturity construct
and the fundamental path through which maturity
develops and evolves. Historically, the literature has
understood maturity as a linear concept which
fundamentally only increases. The most widespread
approach, based on the capability maturity model,

defines a fixed number of maturity levels, each
tied to specific capabilities. For example, Dimension
X might have a capability corresponding to a low to
more advanced maturity levels, culminating in the
highest capability representing the most advanced
maturity level. This approach may or may not be
applicable depending on the final assessment method
and the data basis used for the benchmarking built on
the maturity construct. Models relying on implicit
datasets, such as those scraped from the internet,
often use more granular methods, assigning scores
from 0 to 100 to indicate maturity levels. In such

results.

To enable users of comparative DMMs that they can determine whether the model is applicable to their organization, it is essential to define the prerequisites required for application
during the development of the DMM and its accompanying documentation. This ensures that the model is not applied in contexts with insufficient fit, which could lead to distorted

To enable users of comparative DMMs to understand that the model fulfills their intended purpose, the model and its accompanying documentation must clearly specify the type of
comparative DMM and the benchmarking capabilities it offers. This prevents diminished application success caused by the model lacking the desired functionality.
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To enable users of comparative DMM can suff'clemly verify the validity of the insights gained from the model, a proven

design process. All p must be , and the

process, as well as all functionalities of the DMM, must be accessible and understandable to users.
This transparency allows users to place suffi cnem trust in the relnablhty of the DMM's results.

gy must be employed during the

To enable users of comparative DMMs to determine whether the model aligns with their definition of digital maturity and to ensure it reflects the current state of digital technologies,

processes, and other relevant aspects, it is to use

maturity from existing DMMs. These constructs should be clearly identified as such or
transparently outlined, including the origins of dimensions and capabilities. This ensures that users can apply the model with sufficient confidence and utilize its results effectively.

of ion, and the p

UP 2: Structure

To enable users of a comparative DMM to understand how the maturity level they receive as an output from benchmarking is composed, all relevant maturity levels, the underlying
through which it develops must be clearly documented and communicated. This ensures that users adequately understand what the
DMM defines as the communicated matunty level and how their organization can improve its maturity as perceived by the model.
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To enable users of a comparative DMM to understand what data is required for an
through its use, the model description must specify the assessment approach employed. This allows users to consider this factor when selecting a suitable model.

(e.g., external or internal benchmarking) are achievable

To enable users of a comparative DMMs that they can conduct either internal or external benchmarking based on their needs, the underlying data must be integrated into the model

Explicit Data Integration

processes.

design. This includes enabling users to incorporate and reference their own assessment results over time (internal b ) as well as providing access to external assessment
results (external benchmarking).
To enable users of comparative DMMs to utilize the model for benchmarking, a functionality must be provided that allows tracking their own DM development or benchmarking
against competitors. The logic underlying this functionality must be clearly explained so that users can understand and replicate it without compromising the accuracy of the results.
o To enable users of comparative DMMs can i utilize b ki ly externally after model devel must be in place to maintain an up-
S to-date repository of data from various organizations and their digital maturity levels Without sufficient current dala, gcnumc cx(cmal benchmarking becomes impossible. For internal
benchmarking, the model must prompt users regularly for updates to ensure that internal are also
To ensure that implicit data can be ly i d into ive DMMs, the data foundation must be carefully selected and validated. This includes ibili

avoiding legal violations, ensuring the sustamablllly of the data source, and conducting pre-tests to verify that the data is appropriate for the planned assessment and benchmarking

To ensure the effective use of implicit data in comparative DMMs, the data preparation process must be
sources, ensuring legal compliance, and verifying the consistency and suitability of the datasets. Furth the model ds
continuous data pipeline or allowing users to integrate their own data via an interface, ensuring the model's ongoing applicability.

lously ted and d d. This includes detailing the data
must provide options for either establishing a

To enable the effective and reliable use of implicit data in comparative DMMs, the scoring process must be carefully designed to address the underlying logic, including the
methodology for deriving maturity scores, handling potential biases related to size, sector, or region, and incorporating relative comparisons among organizations. Once lhcsc aspects

This d the scoring

are robustly addressed, the scoring process must be fully and

'y ensures that users can trust and

To ensure that users of DMMs can i ly utilize b

DP 4: Implicit Data Integration

Ty 1|} after model devel hani: must be blished to

facilitate ongoing data integration. Developers must ensure either a

DMM. This enables the model to remain functional over time and allows for longitudinal tracking of digital maturity development.

to an up-to-date data repository or guide users in linking their own data foundation to the

Design Principles

To enable users of ive DMMs to ively utilize b

ing, the interface must allow them to set their organization as a reference point, select competitors based on

criteria such as industry, size, and region, and compare maturity levels across dimensions and capabilities over a defined time penod The interface should provide an intuitive and
user-friendly experience, enabling users to easily view benchmarking results while also

deeper ion into specific di or

To support i with the

User Interaction

strategy responsively to external trends and behaviors

DMM, the interface musl enable users to set specific goals and track their progress over time. This functionality should

provide insights into the longitudinal development of digital maturity, helping

monitor their imp: relative to and adapt their digital transformation

over numerical or text-based formats. Visualizations should

To ensure users can effectively interpret benchmarkmg results, the m(erface must
between or

DP 5

enable users to easily identify differences across di and

balance adaptability to user needs with intuitive functionality, ensuring results are clear and actionable.

Drawmg on best practices from Business Intelligence interfaces, the design should

Figure 1: Principle framework for comparative DMMs.
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cases, there may not be an explicit differentiation of
101 distinct maturity levels with their associated
capabilities (UP 2.2) (Mettler & Ballester, 2021;
Poppelbul & Roglinger, 2011; Soares et al., 2021;
Teichert, 2019).

UP3: The third cluster of usage design principles
addresses the actual functionality of the DMM.
During the literature review process it became evident
that in relation to comparative DMMs and adjacent
digital maturity benchmarking approaches, two
distinct methodologies regarding measurement
techniques and data foundations are employed. The
first approach, which is addressed in this cluster and
already used in descriptive and prescriptive models,
involves utilizing explicitly collected data, such as
data from surveys (Berger et al., 2020; Berghaus &
Back, 2017; Thordsen & Bick, 2023). The second
approach, discussed in the next cluster, leverages
implicit data gathered through methods such as web
scraping. Starting with the assessment approach, it
must be determined which type of data will be used.
In alignment with existing DMMs, the use of
explicitly collected data through questionnaires is a
common practice. Based on the previously chosen
structure, a questionnaire must be developed and sent
to the organizations being surveyed to establish a
consistent assessment infrastructure, enabling
benchmarking. As discussed in the theoretical
section, obtaining a sufficient number of responses is
critical for external benchmarking, as this method
relies on the comparison of organizations. This is not
a requirement for internal benchmarking where only
an organization’s own periodic assessments are
needed (UP 3.1) (Berghaus & Back, 2016; Poppelbuf3
& Roglinger, 2011).

In the approach using explicit data, data access
and preparation are relatively straightforward. For
questionnaire data, a determination during the model
design process whether internal benchmarking,
external benchmarking, or both will be supported, is
needed. If external benchmarking is used,
mechanisms must be created to enable organizations
to access assessment results from other organizations.
This could be in form of a web-based tool with a
repository of all assessment results, allowing for
systematic and potentially anonymous data-sharing.
This would enable organizations to compare their
results with competitors, even in anonymized form
(UP 3.2) (Kovacevi¢ et al., 2007; Wang et al., 2023;
Warnecke et al., 2019).

A central functionality of DMMs, including the
comparative type, is the scoring logic, which
determines the specific DM level and provides
applying organizations with insights into how mature
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they are based on the underlying DM model and data
foundation. Here, as with descriptive and prescriptive
DMMs, existing approaches can serve as a basis. If
various specified maturity levels are used, these must
be precisely defined and clearly distinguishable. In its
simplest form, existing scoring systems can be used,
wherein maturity levels across different DM
dimensions are compared either with other
organizations or with the organization's own past
performance to conduct benchmarking. Additional
factors, such as industry differences, company size,
or specific transformation priorities, can also be
incorporated to account for the relative nature of
benchmarking. This ensures that benchmarking
reflects not only static internal development but also
DM development in relation to competitors. For
instance, while an organization may achieve a
sufficient maturity level in a self-evaluation, it may
still lag significantly behind companies of the same
size and in the same industry. It is crucial that the
scoring logic aligns with the data foundation used and
is transparently documented to ensure both accuracy
and reproducibility (UP 3.3) (Barrane et al., 2021;
Krsti¢ et al., 2023; Wang et al., 2023; Warnecke et al.,
2019).

Unlike descriptive or prescriptive models,
benchmarking is not a static assessment. As already
mentioned in UP 3.2 and UP 3.3, mechanisms must
be established to ensure that the model and its
underlying data are consistently updated, allowing for
ongoing benchmarking over time. This continuous
updating is essential to prevent the model from
becoming obsolete shortly after its creation, where
comparative data from various organizations might
have been collected at a single point in time but not
subsequently updated. Without this, benchmarking
would only be possible against outdated data,
reducing its relevance and accuracy (UP 3.4) (He &
Chen, 2023; Warnecke et al., 2019; Wu et al., 2024b;
Zhao et al., 2023).

DP 4: Building on the principles of UP 3, DP 4
provides concrete design principles that go beyond
merely adapting existing guidelines for prescriptive
and descriptive models. This is because implicit data
types, such as scraped internet data, news data, annual
reports, or other large textual datasets, have not been
utilized in the previously mentioned model types.
Therefore, new principles are required to integrate
such data into comparative DMMs effectively.
Starting with the assessment approach, as with
explicit data, a clear definition of what and how it is
being measured is needed. For implicit data, this
specifically involves determining the data foundation
to be used and how it will be leveraged for
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benchmarking. It is crucial to ensure that the data
foundation meets certain basic criteria, such as
accessibility, compliance with legal requirements,
and the sustainability of the data source. Furthermore,
a pre-test must confirm whether the selected data is
fundamentally suitable for the intended assessment
(DP 4.1) (Axenbeck & Breithaupt, 2022; Guo & Xu,
2021; Warnecke et al., 2019; Yamashiro &
Mantovani, 2021).

As with explicit data, the assessment approach for
implicit data also requires data extraction and
preparation to enable the application of the
corresponding calculation logic. However, this step is
significantly more critical when using implicit data,
as such data is not specifically collected or created for
use in a DMM. This introduces a number of
challenges, particularly regarding the extraction,
consistency, and applicability of the data. For
example, data from annual reports can be structured
and extracted via financial data platforms like
Bloomberg or Reuters Eikon and subsequently
integrated into NLP pipelines to extract text from
PDF documents. In contrast, web data, such as news
articles or websites, requires building custom scraper
scripts to extract structured data from the web. This
data must then be processed into a uniform format,
often requiring considerable effort. A clear
documentation of the chosen approach is critical. This
includes specifying which data was used, where it
originated, ensuring its lawful usage, and verifying
the consistency of the datasets. Additionally, to
ensure the long-term usability of the model after its
publication, the documentation must either facilitate
the setup of a continuous data pipeline or allow users
to integrate their own data via an interface (DP 4.2)
(Axenbeck & Breithaupt, 2022; Liu, 2022; Yildirim
et al., 2023).

The scoring logic for implicit data requires
significantly more effort compared to explicit data, as
individual maturity levels cannot be directly assessed
during a survey but must instead be determined based
on previously extracted datasets. The dominant
approach in the literature involves creating keyword
libraries that address DMM dimensions and
capabilities. These libraries are then expanded using
NLP tools, such as NLTK, to identify related terms.
The enriched keyword set is subsequently applied to
the extracted data to assess maturity. Scoring can
follow traditional fixed maturity levels, identifying
the maturity level of a capability for an organization
based on the data. Alternatively, a keyword frequency
approach can be used, where the word count of
keywords within a capability cluster provides insights
into its maturity. For instance, the frequency of a

capability keyword appearing in the data for
Organization X may correlate with higher maturity.
Benchmarking introduces a relative comparison
between organizations, requiring adjustments to static
scoring methods. In the keyword frequency approach,
scores are calculated based on how well an
organization performs relative to its competitors. This
adds complexity, as biases in the data—such as
differences in organization size or regional
characteristics—must be addressed. For example
existing research suggests approaches like restricting
comparisons to organizations within the same region
or balancing data volumes to account for disparities
in the amount of published news about organizations,
even those of similar size. Therefore, it is critical to
document the scoring process comprehensively and
transparently, including the underlying logic, how
biases related to size, sector, or region are handled,
and how maturity scores are derived. This ensures
users understand the methodology and can interpret
the results with confidence (DP 4.3) (Axenbeck &
Breithaupt, 2022; Guo & Xu, 2021; Tutak & Brodny,
2022; Warnecke et al, 2019; Yamashiro &
Mantovani, 2021; Yildirim et al., 2023).

As with explicit data, the use of implicit data must
also allow for continuous development, ensuring that
the score evolves relative to the progress of
competing organizations. As previously discussed, it
is crucial that the data integration is either ensured by
the developers or that users are guided in linking their
own data foundation to the DMM. This approach
ensures that the model can be used continuously after
its creation and enables longitudinal measurement of
digital maturity (DM) development. This allows
organizations to observe how their DM evolves over
time and progresses toward the benchmark, rather
than merely providing a static snapshot of their
current standing. This aspect is central to the
development of comparative DMMs, enabling users
to leverage the benchmarking functionality over time
to track their progress in relation to digital maturity
(DP 4.4) (Axenbeck & Breithaupt, 2022; Hu et al.,
2023; Long et al., 2023; Warnecke et al., 2019; Wu et
al., 2024b).

DPS: With regard to the last DP cluster, there is
little connection to existing design knowledge or
actual existing DMMs of the de- and prescriptive
type. This is because the use of descriptive and
prescriptive  models has predominantly occurred
without a user interface, relying solely on assessment
tools composed of static materials such as textual
documents. However, due to the dynamic nature of
comparative DMMs, a dedicated interface between
the model and the user in the form of an application
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interface is required. Whether this interface is web-
based or a standalone locally executed application is
secondary. What is more critical is that users can
interact with the model effectively. To fulfill this
purpose, the interface must address three key areas:
functionality, visualization, goal setting &
monitoring, together forming DP Cluster 5.

Starting with the core of the interface—the
benchmarking functionality—it is essential that all
elements outlined in the previous DPs are integrated
and usable. The user must be able to set their
organization as a reference point within the model,
select competing companies based on industry, size,
and region, and compare maturity levels broken down
by dimensions and capabilities over a defined time
period. The functionality should be designed to
alleviate user’s access to the benchmarking results
and, if desired, delve deeper into specific areas of
interest. This includes exploring individual
dimensions or capabilities to gain more detailed
insights. The usability and intuitiveness of this
functionality are critical for ensuring that users can
fully leverage the benchmarking capabilities of the
DMM (DP 5.1) (Wang et al., 2023; Warnecke et al.,
2019).

Closely related to this is the visual representation
of the evaluation results. Existing research highlights
that the way findings and scores are visualized
significantly impacts how they are perceived and
whether the DMM is considered useful. The core
principle ensures that the visualization allows users to
easily interpret the benchmarking results. The shift
from numerical or text-based evaluations to graphical
representations is particularly important, as it
simplifies the identification of differences between
organizations across dimensions and capabilities.
Business Intelligence (BI) interfaces are often cited as
a reference in existing research, as they are not only
highly adaptable to user needs but also intuitive to use
(DP 5.2) (Chuah & Wong, 2012; Chung et al., 2005).

Adjacent to the functionality of the interface is the
option, frequently discussed in research, to go beyond
traditional benchmarking by allowing users to set
goals within the interface, similar to prescriptive
models. This functionality enables organizations to
track these goals over time, providing insights into
their longitudinal development in DM. Such a feature
encourages users to transition from one-time usage to
continuous engagement with the tool. It therefore
supports users in aligning their DT strategy
responsively with environmental trends, competitor
behavior, and other dynamics, fostering a more
adaptive and proactive approach to DM improvement
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(DP 5.3) (Krsti¢ et al., 2023; Wang et al., 2023;
Warnecke et al., 2019).

5 DISCUSSION

DMMs offer organizations a scientifically grounded
means to measure their maturity, advance it, and
benchmark themselves both against their past
performance and competing organizations. This
enables them to adapt their DT strategy in response to
internal progress and external changes. However, for
such applications to be feasible, DMMs must
incorporate essential components and functionalities
that ensure their effective use by organizations. Over
time, research has developed numerous approaches to
designing DMMs and identifying the necessary
components. However, the comparative DDM type
has been largely overlooked, thus contributing to the
limited development of such models. This is despite
repeated calls from both researchers and practitioners
for benchmarking and longitudinal approaches to
measuring digital maturity, which comparative
DMMs can provide.

To address this gap, a systematic literature
analysis was conducted in order to identify and
synthesize existing design and application knowledge
from instantiated DMMs and related constructs. As
described in Chapter 4, this knowledge was structured
into design principles to make it accessible to both
researchers and practitioners. Efforts, therefore, were
made to adhere to rigorous scientific standards while
ensuring the principles remain practically applicable.
Researchers can use the derived principles as a
foundation for the design and evaluation process of
DMMs, while practitioners can rely on them to
select/adapt a DMM suited to their specific
organizational needs.

However, the chosen replicated research
approach, namely the literature review, carries the
significant limitation that the findings are based
solely on existing published research, thereby lacking
insights directly derived from practice. Additionally,
it is important to note that the literature search heavily
depends on the selected search strings. This
dependency poses challenges, particularly in this
field, where numerous related digital maturity
constructs could be considered de facto instantiations
of DMMs but are often referred to using different
terminology. As a result, the search may have been
incomplete, potentially overlooking theoretically
relevant literature that is available.
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To complete the final step of the literature review,
the following two research fields are proposed as a
future research agenda in this area.

Firstly, incorporating practitioner needs could be
addressed through exploratory interviews to assess
the use of the formulated principles or the application
of comparative DMMs. Such an approach would
provide deeper insights into the practical utilization
of DMMs and the specific needs of practitioners.

Secondly, a systematic framework facilitating the
adaptation of components from existing descriptive
or prescriptive DMMs into comparative DMMs
would be valuable. This would help reduce the
creation of entirely new models and instead focus on
leveraging proven components from existing models.

6 CONCLUSION

In summary, when designing comparative DMMs
that enable organizations to compare their digital
maturity either internally over time or externally
against competing organizations, it is not always
necessary to build entirely new models from scratch.
Instead, targeted recycling and integration of existing
DMMs can play a crucial role. By repurposing
existing models or combining their elements with
new features, it is possible to transform them into
comparative DMMSs or expand their functionality to
meet the specific requirements of comparative
benchmarking.

To align with this insight, the present paper does
not aim to synthetically develop entirely new design
principles for comparative DMMs. Instead, it focuses
on promoting the integration of existing DMMs by
formulating Usage Design Principles. These
principles are intended to assist researchers and
practitioners in understanding the connections among
all three types of DMMs, while also avoiding
unnecessary effort in creating new models. Suitable
components, if already existent, can be recombined or
repurposed rather than constructing new ones. For
aspects of comparative DMMs where leveraging
existing components or functionalities is not possible,
additional design principles have been developed to
provide a structured approach for incorporating these
new elements. Together with the Usage Design
Principles, they form a thorough framework that
supports the design, evaluation, and selection process
for comparative DMMs.

The principle framework, consisting of five
clusters and a total of 16 principles, aims to provide
value to both research and practice. By fostering the
reuse and adaptation of existing models instead of

unnecessarily creating new ones, researchers can be
supported in streamlining the DMM design process.
On the other hand, users can leverage previously
established models for benchmarking or utilize the
principles as a checklist when selecting a comparative
DMM.
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