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Abstract—Achieving any of the three primary missions of
higher education institutions (HEIs) (teaching, scientific
production and contribution to the society) is today almost
impossible  without  information and  communication
technologies (ICT). Because of this, analyzing the maturity of
ICT use at HEIs becomes useful and necessary for two main
reasons: (1) HEIs can determine how digital mature they are
based on how ready they are for different ICT challenges, and
(2) HElIs can determine what ICT areas and fields they need to
improve. There are many frameworks for measuring the digital
maturity, but none for HEIs. In this paper, the methodology for
developing a digital maturity model for HEls (DMMHEI) is
presented. DMMHEI consists of two parts: (1) a framework that
covers areas and elements which influence digital maturity and
(2) a two-component instrument used to assess the HEI’s digital
maturity. The methodology for creating such a model is based
on paradigm called design science research (DSR). Once
created, the methodology can be applied in different higher
education systems in different countries to create DMMHEIs
that are adjusted to different contexts.

Index Terms—digital maturity, digital maturity model, maturity
framework, maturity instrument

I. INTRODUCTION

The research presented in this paper was completed as
part of a project titled “Development of a methodological
framework for strategic decision-making in higher
education — a case of open and distance learning (ODL)
implementation — Higher Decision”. The primary goal of
the project is to develop a complete methodology for
strategic decision-making and the monitoring of its
implementation in higher education (HE). Two basic
components of this project are defined: (1) Development
of methodological framework for strategic decision
making and monitoring of its implementation and (2)
Application, adjustment and evaluation of our
methodology on the example of decision implementation
on e-learning and distance learning [1].

This paper proposes a methodology to assess digital
maturity models for higher education institutions
(DMMHEL). The developed methodology can be applied
in different higher education systems and can be adjusted
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to suit the strategic planning and decision-making needs

and specific characteristics of a particular system.
DMMHEI consists of two basic parts:

o The Digital Maturity Framework for HEI (DMFHEI),

e The Instrument for the Assessment of Digital
Maturity of HEI (IADMHEI).

The framework contains areas and elements which are
recognized as indicators of HEI digital maturity. The
instrument serves to assess the level of an HEI’s digital
maturity. The instrument’s capacity to measure the
current digital maturity level (DML) of a certain aspect of
HEI can allow stakeholders to clearly identify points of
strength and improvement and to determine what to do to
achieve greater maturity at individual levels. By using the
IADMHEL, stakeholders can assess their level of maturity
and by applying the DMFHEI, they can plan and
implement the use of digital technologies.

The research is based on mixed methods strategy, the
combination of qualitative and quantitative methods. The
epistemological approach is pragmatic for this study
because it allows a combination of different methods of
research and data collection, as well as other approaches.
The research follows the steps of the design science
research (DSR) methodology through three research
cycles: the relevance cycle, the rigorous cycle and the
design cycle [2]. The relevance cycle includes students,
professors, administrators, and all stakeholders connected
with an HEI. The relevance cycle also includes areas and
elements that are relevant to the digital maturity of the
HEI. During the relevance cycle, methods are developed
to determine the relevance of areas and elements and
ways of assessing the maturity of the HEI are designed.
The rigorous cycle includes various sources of knowledge
that affect the development of artefacts. The rigor of this
research is rooted in the methods used in the field of
strategic planning and decision-making in HEIl. The
models of maturity, digital maturity, and maturity model
development are based on systematic literature analysis
and expert knowledge gained through focus groups, Q-
sorting, application of inter-rater reliability and the
analytical network process (ANP) method. The rigorous
cycle will contribute to science as it will add to the
systematization of existing frameworks for digital
maturity and maturity models. It will also increase
knowledge in the field of digital maturity through the
development of the DMMHEI. The design cycle is used
to evaluate and harmonize the initial set of artefacts
obtained through the relevance cycle and rigorous cycle.
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Fig. 1. Steps of the Design Science Research methodology

DSR presents new knowledge and explains how
artefacts of this research, in the form of constructs,
techniques and methods, models, upgraded technologies,
comprise valid scientific contributions. DSR research is
conducted through five steps (Fig. 1): 1. Identification of
the problem; 2. proposition of the artefact; 3.
development of the artefact; 4. evaluation and 5.
conclusion of research results [2].

This paper is divided into the several sections. Section
2 introduces the identification of the problem. Proposition
of the artefact is presented in Section 3. In Section 4, the
development of the artefact is presented. In Section 5, the
demonstration of proposed methodology is presented. In
Section 6, the evaluation of the artefact is presented.

Il. IDENTIFICATION OF PROBLEM

After reviewing the literature on strategic documents
related to HEIs in the Republic of Croatia and Europe,
and after reviewing scientific articles and other relevant
sources on maturity models and frameworks of digital
maturity, it became evident that there is no developed
comprehensive framework for assessing HEI digital
maturity nor any instruments for assessing the digital
maturity of HEIs [3]. Through the pilot project: "E-
School: Establishment of the Digitally Mature Schools in
the Republic of Croatia,” the Digitally Mature
Framework for primary and secondary schools in Croatia
[4] was developed by the Faculty of Organization and
Informatics at the University of Zagreb (FOI) in
cooperation with the Croatian Academic and Research
Network (CARNet, webpage: https://www.carnet.hr/en).
A systematic analysis of literature in the field of digital
maturity was carried out that took into account the
arguments of the scientific relevance of the proposed
research. The analysis was conducted using the databases
EBSCO, SCOPUS and Science Direct. Databases were
searched for maturity concepts, maturity models, and
digital maturity combined with the words "higher
education institution" and “framework”. A qualitative
analysis of the relevant literature found that there were no
developed frameworks for the digital maturity of HEI and
nor any developed instruments for its evaluation. This
motivated further research and development of the
DMMHEI [3], [5].

Maturity Modeling (MM) is a framework that
describes the levels of excellence within which the
activities are performed for a specific area [6]. It is
necessary to develop a concept of institutional maturity
level due to the need to create a simple benchmark to
differentiate the different stages of maturity for the
organizations, businesses, or institutions observed. There
are different ways to determine the maturity level that
depend on the context of the application. However, it is

common that the level of maturity reflects the current
state of organization. The model of maturity is a
framework that details the activities that are taking place
in each of the existing levels of maturity. The
development of all models of maturity starts with an
assessment of the levels of maturity of the individual
parts of the institution.

Thus, the progress of an institution can be seen through
several basic steps (the levels of maturity) that represent
the progress already made or that needs to be achieved in
order to reach a digitally mature state. The concept of
digital maturity for educational institutions is important
because of the growing influence of ICT in education.
The European Commission points to the importance of
digital maturity and provides support for digital maturity
through policies and programs currently being
implemented [7], [8], [9]. Digital maturity can be
achieved by the digital transformation of the institution,
by planning the application of ICT in business, and by
learning and teaching.

I1l. PROPOSAL OF THE ARTIFACT

The artefact proposed in this paper is the DMMHEI,
which consists of two parts: (1) areas and elements
relevant to the digital maturity of the HEI (framework),
and (2) the method of collecting data on DML for each
element and for aggregating collected data and
determining the total DML (instrument). This section
presents methods which must be implemented in both
parts of the DMMHEI design.

A. Digital Maturity Framework for HEI (DMFHEI)

The artefact is designed using the following methods:

1. Literature analysis and focus group method: These
methods will be used to determine the initial area and
elements list in DMFHEI. The focus group method is
a qualitative form of research involving a group
discussion about a given topic. The primary goal of
the focus group will be to encourage a deep
discussion to explore the values or attitudes of
respondents on a particular issue or topic. The
information gathered through this method is the
construction and / or testing of the model that best
illustrates the research problem [10].

2. Q-sorting method [11] and Delphi method [12]: These
methods are used to determine elements within a
proposed area and to calculate content validity ratio
[13], [14]. The Q-sorting method is a theoretically
based and quantitative tool for examining opinions
and attitudes. The method enables the information
system to systematically and quantitatively investigate
human subjectivity [11]. The Delphi method is a
qualitative research method structured as a group



communication process. It applies a scientific
approach through the process of interrogation and
discussion of anonymous participants through two or
more circles whereby the collected data between each
circle is handled and delivered to participants for
further consideration and evaluation in order to reach
a consensus on assessment, decision making and
prediction or to generate ideas about the subject of
research [12].
Fig. 2 presents a general structure of DMFHEI. The
elements that influence DML are grouped into areas,
from which the final DML can be obtained.

DMFHEI
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Fig. 2: Structure of Digital Maturity Framework for Higher Education
Institutions - DMFHEI (adopted from [3])

B. Instrument for Assessing the Digital Maturity for HEI
(IADMHEI)

IADMHEI presents a dynamic part of DMMHEL. It is
a mechanism which calculates a two-component measure
of DML for certain HEIs from the data input from each
HEI that describes the states of each HEI per each
element in the DMFHEI. The first component will
represent a result of the application of the ANP. This
component is quantitative. The second component will
represent a result of the application of the decision expert
(DEX) method and this component is qualitative.

The reasons why IADMHEI will be a two-component
measure, and why two methods will be applied, are the
following: (1) some aspects of the IADMHEI are
qualitative, and some aspects are quantitative; (2) those
aspects complement each other; (3) the two methods
ANP and DEX (which support both aspects of DML),
have different aggregation mechanisms; (4) applying two
methods will act as a sort of control, or at least a
comparison mechanism, in determining the DML of HEI.

To create the IADMHEI, several methods have been
suggested:

1. Method(s) for structuring the decision-making
problem: The decision-making trial and evaluation
laboratory (DEMATEL), will be used to determine
the link between areas and elements and will help
structure the decision-making problem to develop the
network structure. The DEMATEL method will help

design and analyze the structural models while
incorporating feedback between elements [15].

2. Method for multi-criteria decision-making - ANP
[16]-[18], [19]: This method will be used to
determine weight-based coefficients of elements
obtained through expert group decision-making in
order to obtain the weight of areas needed to
determine the final DML of the HEI. The ANP was
developed by Thomas Saaty in 1996. The structure of
the ANP allows a network to define a problem. The
ANP is different from the AHP because it does not
represent a linear hierarchy, but instead models
influences between network elements. The network
dependence of the elements contributes to better
modeling of real problems, since most real-world
problems are nonlinear and backlinks allow more
precise prioritization of elements and better quality
solution of the problem [20], [21]. One of the ANP
implementation areas is higher education, which is
characterized by the existence of dependence among
other criteria based on which strategic and tactical
decisions are made. By introducing the influence
between the criteria, we get more precise weighing of
criteria  and local/global alternative priorities.
Consequently, we can conclude that the ANP method
is recommended for strategic and tactical decision-
making in HEI [22], [23].

3. Rubric [17]: This rubric is used to define statements
for each element that describe each level of maturity
and to determine priorities of individual levels.
References [24], [25] recommend using rubrics when
assessing the maturity of an institution.

4. The composite index: The composite index is used in

the research of social phenomena when multiple
variables must be considered in order to obtain a
complex assessment or to understand different
dimensions of a phenomenon [26] to rank higher
education by DML [3].

5. The DEX method: This method is a qualitative multi-
criteria decision making method [27] that will be used
to calculate the qualitative measure of total maturity.
The DEX method uses qualitative variables instead of
numeric variables, which is appropriate for less
formalized decision-making problems [28].

IV. DEVELOPMENT OF THE ARTIFACT

In the earlier DSR step, methods for developing two
parts of the DMMHEI were proposed. In this step, the
implementation of these proposals will be discussed.
Below are the steps that must be taken to implement the
proposed methods in order to develop the artefact:

1. The literature analysis and focus groups are the
starting points in developing the initial set of elements
that influence the DML of HEIs. According to the
differences in higher education systems across
different countries, it is expected that these initial sets
of elements will differ. However, the general



procedure of how to reach the set of elements will be
the same in all countries.

2. In the next phase, the Q-sorting method and the
Delphi method will be used to determine the final list
of elements that influence the DML of HEIls in a
certain country. Additionally, in this phase, the
hierarchical structure of elements that are clustered
into areas will be determined (concretization of the
Fig. 2).

3. Next the influences (dependencies) and
intensities must be defined using the DEMATEL.

4. After the influences and their intensities have been
defined, it is possible to apply the DEMATEL-ANP
approach (as described in [29]). This phase will
include ICT and HE experts. This phase will result in
the weights of the elements (WE).

5. In the next phase, the rubrics will be applied. For each
element, the five statements that describe the five
basic elements of DMLs must be defined. This phase
will include ICT and HE experts.

6. For each element of the DML, an element priority
value (EPV) will be assigned. This can be done in two
ways, directly or by using the pairwise comparisons
procedure as explained in [3]. This phase will also
include ICT and HE experts.

7. After completing these earlier steps, it will be possible
to calculate HEI’s element priority (HEI’s EP) by
multiplying the weight of the element (WE) the
element priority value (EPV). This is joined to the
element DML that is correlated to the HEI (LEVEL)
analyzed.

8. Summing all the HEI’s element priorities give a
quantitative composite index value, the first
component of the total DML of the HEI.

9. To reach the qualitative value of the total DML of the
HEI, the method DEX must be applied. However,
there are issues with applying the DEX if there is a
high number of elements at some level in the
hierarchy. If that would be the case after the phase 2
of this procedure, then additional clustering must be
made. If a certain area in the DMFHEI contains 10
elements, they have to be grouped into two or three
subdomains before the next phase.

10. When the hierarchy is ready for DEX to be applied,
the decision rules must be defined. Decision-making
rules represent the basic mechanism of conclusion and
decision-making in the DEX method [30]. Here,
expertise in the HEI and ICT will be required.

11. For each element of DML, a qualitative value (QV)
must be joined. Five element priority values (EPVSs)
from the phase 6 can correspond with five qualitative
values in the DEX (e.g. very low, low, medium, high,
and very high). The idea is that in the process of
evaluating the alternatives on the element level, both
qualitative and quantitative information will be
obtained, i.e. the statements will be joined to both,
element priorities (EPVs) and qualitative values

(QVs).

their

12. Now, it is possible to obtain the final qualitative value
of DML, i.e. qualitative value and the second
component of total DML of the HEI. There are five
levels of maturity: digitally unaware HEIls, digital
beginner HElIs, digitally competent HEIls, digitally
advanced HEIs and digitally mature HEISs.

To conclude, the DMFHEI is a result of the second
phase of the artefact development and IADMHEI is a
result of the last phase of the artefact development.
Finally, when the DMMHEI is applied, additional
quantitative/qualitative analysis of the results is possible
(comparing with other HEIls, determining the element
with low maturity levels and creating the activities in
order to increase the element maturity level).

V. DEMONSTRATION OF THE ARTIFACT

After the DMMHEI is developed, it can be
demonstrated with several HEIs. However, since this
paper only proposes the methodology for creating the
DMMHEI, the demonstration is not complete.

Leadership, planning and
management

1 Quality assurance

— Scientific-research work

Technology transfer and
service to the society

—mInNZO

1 Learning an teaching

— ICT culture

ICT resources and
infrastructure

Figure 3: Areas of DMFHEI

In this section, we demonstrate the current results of
the development of the artefact, as well as demo
examples of how certain parts of the proposed artefact are
planned can be applied:

1. So far, the first two phases of the DMMHEI
development have been implemented. Following the
qualitative analysis of the existing frameworks, the
two focus groups and Q-sorting methods will be
implemented and the DMFEI area and elements will
be obtained. The DMFHEI consists of 7 areas
(presented at the Fig. 3) and 43 elements. Details can
be found in [5].

2. Since the phases 4, 5 and 6 require the participation of
experts in the fields of HEI and ICT, calculating the
two-component DML measure can only be
theoretically demonstrated. Table 1, demonstrates
how to calculate the DML of certain HEI according to
the phases 3-8 from the DMMHEI development (only



TABLE 1: CALCULATING QUANTITATIVE DML ON ELEMENT AND AREA LEVEL (COMPOSITE INDEX)

Area Elements WE [LEVEL (HEI)|[EPV|HEI’S EP
° 1. Financial investment in the use of ICT in learning and teaching; research and 0,031 1 0,00 0,0000
@ development; and the business of the institution
g — [2. Strategic planning of ICT integration in HEI 0,034 2 0,20 0,0069
S & PB. Managing the integration of ICT in learning and teaching at HEI 0,019 3 0,40/ 0,0075
E % 4. Managing the integration of ICT in scientific research at HEI 0,019 4 0,60 0,0113
g & B. The information system for supporting the business processes of HEI 0,017 5 1,000 0,0171
< g 6. The planning and implementation of training for HEI employees in the field of | 0,017 3 0,40 10,0069
% digital competencies and ICT application
5 7. The relationship between HEI and state from the aspect of ICT integration 0,019 2 0,20 0,0038
- 8. HEI policy in ICT integration and monitoring global trends 0,015 1 0,00 0,0000
Area DML 0,4296
demonstration for one area, “Leadership, Planning DMMHEI Qualitative
and Management,” is presented). application evaluation
3. Similarly, in Table 2, we the demonstrate how to by experts
calculate the area DML for certain HEI according to
the phases 9-12 from the DMMHEI development /\
(only demonstration for one area, “ICT culture,” is -
presented). _Composne Dex (esqlt
index value (Qualitative
TABLE 2: CALCULATING QUALITATIVE DML ON AREA LEVEL (Total DML) value) v
Options HEI . . ) Qualitative
.. ICT culture high Comparison assessment
... The network presence of HEI high of DML
... Using ICT in HEI promotion medium
... HEI _policy in ICT integration and high Comp;'slrison
monitoring global trends

V1. EVALUATION OF THE ARTEFACT

After a DMMHEI is created, it must be evaluated. The
evaluation can be conducted after each phase in the
artefact development. The Delphi method used in the
forecasting of technical and technological development
will be used in the evaluation phase [12]. The Delphi
method will be used to match the expert to the area and
elements of DMFHEI. Self-evaluation, the comparison of
estimates and estimator consistency calculations using
inter-rater reliability will also be performed. Inter-rater
reliability is a measure used to assess the degree of
agreement between different experts or assessors in
decision-making. It is useful because evaluators do not
necessarily need to interpret the answers in the same way.
They may not agree on some of the responses or skills
that should be assessed [31]. In the evaluation process,
experts with dual expertise, HEI management and ICT,
must participate.

The most important evaluation of the DMMHEI is of
the developed artefact. This evaluation includes an
assessment of the application of the DMMHEI on a set of
HEIs and a comparison of the results with real states. It is
important to carefully analyse the tool in order to
determine if the DMMHEI matches reality. A general
structure of applying the final evaluation step is presented
on Fig. 4.

Figure 4: Evaluation of the artifact

If the comparison results show disproportionate
difference between the DMMHEI results and qualitative
assessment results in many cases (HEIs), then further
analysis of this difference must be completed. After the
comparison results show acceptable results, the
DMMHEI can be accepted as final. As stated earlier,
there is no one unigue DMMHEI for all contexts, which
means that some DMMHEI can be only evaluated in the
context for which it is designed.

VII. CONCLUSION

In this paper, a methodology for creating the digital
maturity model of higher education institutions is
proposed. The model covers both the framework (i.e.
elements that influence on digital maturity) and the
instrument (i.e. procedures of how to evaluate HEIs to
determine the digital maturity level of HEIs). The model
can be very helpful in the strategic management of HEIs.

Stakeholders can use this methodology to create
recommendations about how to increase the level of
digital maturity of institutions and how to rank the
institutions based on their digital maturity.

The last phase of DSR process also includes the
dissemination of the artefact. When DMMHEI for a
certain context is designed, it is recommended that it
should be disseminated with the public.



TABLE 3: SUMMARY OF DMMHEI DEVELOPMENT WITH EVALUATION

Needs analysis

Phase |Inputs Methods Outputs
Literature analysis The need for creating the digital maturity model for higher
0 Case study analysis  |education institutions in specific context is identified.

1 |There is a need for DMMHEI. Literature analysis

Focus groups

Initial set of the elements that influence the DML of HEI.

Initial set of elements for|Q sorting

Hierarchical structure of elements clustered into areas that

2 DMMHEI. Delphi method influence the DML of HEI is designed (DMFHEI).

3 |DMFHEI DEMATEL Intensities between influences are obtain (matrix of influences).
4 |Matrix of influences DEMATEL-ANP Weights of the element in the DMFHEI (WE).

5 WE Rubrics Statements for five levels of digital maturity of all elements are

defined.

Direct assessment
Pairwise comparison

Joining the element DML with the element priority value
(EPV)

WE; EPV; HEI's evaluation|Multiplication
results (LEVEL) for all elements

HEI’s elements priorities (HEI’s EP)

8 |HET’s elements for all elements  |Summing Composite index (first component of HEI DML)

9 |DMFHEI (Clustering) Modified hierarchy of DMFHEI

10 |Modified hierarchy of DMFHEI |DEX Decision rules defined

11 Direct assessment Joining the element DML with the qualitative value (QV)

Decision rules; HEI’s evaluation| DEX
12 |results (LEVEL) for all elements

Qualitative DML of the HEI
Final two-component measure of HEI DML
DMMHEI

Qualitative analysis results

DMMHEI Application Results of applying the DMMHEI on set of HEIs
El Qualitative analysis of the HEI DML by experts, without using
the DMMHEI
E2 DMMHEI  application  results;|Comparison Decision about DMMHEI acceptance

On the end of the paper, we bring the phases for
creating DMMHEI with the evaluation summarized in the
table form (Table 3).
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