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Abstract: Business Intelligence and Analytics (BIA) systems play an essential role in organizations,
providing actionable insights that enable business users to make more informed, data-driven deci-
sions. However, many Higher Education (HE) institutions do not have accessible and usable models
to guide them through the incremental development of BIA solutions to realize the full potential
value of BIA. The situation is becoming ever more acute as HE operates today in a complex and
dynamic environment brought forward by globalization and the rapid development of information
technologies. This paper proposes a domain-specific BIA maturity model (MM) for HE-the HE-BIA
Maturity Model. Following a design science approach, this paper details the design, development,
and evaluation of two artifacts: the MM and the maturity assessment method. The evaluation phase
comprised three case studies with universities from different countries and two workshops with prac-
titioners from more than ten countries. HE institutions reported that the assessment with the HE-BIA
model was (i) useful and adequate for their needs; (ii) and contributed to a better understanding
of the current status of their BIA landscape, making it explicit that a BIA program is a technology
endeavor as well as an organizational development.
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1. Introduction

Business Intelligence and Analytics (BIA) systems play an essential role in organiza-
tions, providing actionable insights that enable business users to make more informed,
data-driven decisions [1,2]. Conceptually, business intelligence (BI) systems combine ar-
chitectures, databases (or data warehouses), analytical tools, and applications to provide
managerial decision support [3,4]. The goal of Bl is to provide the right information, to the
right business users, at the right time and with the right context.

Traditionally, the BI component was linked to the data exploration layer, also called
the BI applications layer [5]. Nowadays, BI is seen as a comprehensive concept, i.e.,
the complete end-to-end solution, including the methods and processes that enable data
collection and transformation into actionable insights used for decision making. The range
and sophistication of BI methods and techniques have evolved through the years. Due
to the growing emphasis on analytics and big data, the term business intelligence and
analytics (BIA) has consistently been used to comprehensively and more accurately describe
contemporary data-driven decision support systems [2]. The use of artificial intelligence
(AI) techniques has led to a new generation of Al-enabled BI tools [6], enabling prescriptive
analysis, in addition to the usual descriptive and predictive analysis.

As the BI term has evolved throughout the years, BI development inside an organiza-
tion typically also progresses iteratively. This development path can be challenging, and
there are factors that need to be considered to ensure the success of this type of system.
The literature suggests several studies on critical success factors and BI capabilities that
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organizations should seek to achieve in order to leverage the true value and impact of
BIA [7-9]. An alternative approach to reflect on the critical success aspects of BIA projects is
to consider a maturity model. By design, maturity models (MM) are iterative and showcase
a progressive path [10], in which an organization starts with a basic or initial stage of
maturity and progresses towards a more mature state. Maturity models are defined using
a set of dimensions and a sequence of levels (or stages) mapping the progression path.
The selection of dimensions in a MM is the foundation of the model design. Typically,
these models are used as a self-assessment tool to identify the strengths and weaknesses of
certain areas in an organization. In other words, a MM enables an assessment of the current
maturity level in each dimension, as well as a reflection on the desired maturity level to be
achieved in the future. These models are instrumental in defining the AS-IS and the TO-BE
view pictures of an organization, using the maturity dimensions as key assessment areas.

MM can be generic or domain specific. A generic model can be used across different
industries, enabling benchmarking. However, this approach tends to be complex, with
a large number of assessment questions and a terminology set that is not particularly
overlapping with the vocabulary and definitions of a specific domain. In this paper, we
are focused on Higher Education (HE). In this sector, maturity models have been used to
assess several dimensions of HE institutions (HEIs), such as information technology (IT),
process management, online learning and learning analytics [11,12]. Several Bl-related
maturity models exist in the literature [10], including models that originated from academia
or practice. These maturity models can be generic, such as [13-15], or domain specific, as
the [16] for higher education or [17] for healthcare.

A previous study reported that the use of a generic Bl maturity model resulted in
difficulties in correctly assessing the Bl maturity level of initiatives in different European
HEISs [18]. The main reasons are the lack of understanding of key BI concepts and obstacles
in locating the right set of experts in each institution that could correctly and informedly
answer the many diverse questions of the MM. This result led to the decision in 2019 to
development of a new maturity model specific to the assessment of BIA systems in HE.
The new MM is the outcome of a research project conducted by two BIA professors in
collaboration with the BI Special Interest Group (BI SIG) of EUNIS-the European University
Information Systems organization, a non-profit organization aiming at developing the IT
landscape of HEIs through collaboration and networking [19]. The end goal of this project
is to conduct a European-level survey on the maturity level of BIA systems in Higher
Education. The previous study conducted by the EUNIS BI SIG was inconclusive [18].
Therefore, this research project was launched with the purpose of designing a new MM,
driven by the existing knowledge published in the literature, and reflecting the needs
and vocabulary of HE practitioners represented in the EUNIS BI-SIG. Specifically, five
requirements encompass the research design of this project, which led to the decision to
design a new BI maturity model, as opposed to using an existing one.

(R1): The model should enable each HEI to conduct a self-assessment exercise;
(R2): It should be a domain-specific model, easy to understand and use relevant
terminology for HE;

e (R3): The model should use a lean approach, i.e., enabling a high-level assessment
that can be achieved with few resources (people and time) as opposed to providing an
extensive list of questions;

e  (R4): The model should capture new analytical aspects, such as the use of Al and Big
Data, Internet of Things and 5G, that will be increasingly more relevant in the campus
of the future. Many MM usually cited in the literature are now outdated, considering
the complexity and novelty of current BIA solutions;

e (R5): The model should be designed following a research methodology in order to
ensure a scientific and rigorous approach.

This paper presents the HE-BIA maturity model version 2.0 that enables Higher Edu-
cation Institutions to perform a lean self-assessment of their BIA solutions. The remainder
of this paper is structured as follows. We start discussing the related work in terms of
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existing BIA maturity models, followed by the description of the research design. The next
section presents a step-by-step description of the design science research approach. Then,
we present the research artifacts, the HE-BIA maturity model v2.0 and the assessment
model. In the following section, we discuss the evaluation phase and the feedback received.
The final section presents conclusions and avenues for future work.

2. Related Work

Maturity models are established means to measure the strengths and weaknesses of Bl
injtiatives. These MM consist of multiple archetypal levels of maturity of a certain domain
and can be used for organizational assessment and development. In the case of BI, many
MMs have been proposed both from academia and industry (practice/consulting). In the
literature, we find many BI maturity models that have been used for several years, some of
them for almost two decades. Table 1 presents an overview of existing BI MM that were
critically analyzed in this study, selected in accordance with the following criteria: the
credibility of the proponent and availability of documentation. The listed models can be
applied to any industry, except the latter two models [16,17] which have been developed
respectively for higher education and healthcare.

Table 1. Comparative analysis of BIA maturity models.

No. Source Origin Evaluation Type No. Dimensions No. Levels
1 DW stages of growth [20] A ** 8 3
2 DW process maturity [14] A ** 7 5
3 Capability MM for BI [13] A * 5 5
4 DW capability MM [21] A * 6 5
5 HP business intelligence MM [22] I ** 3 5
Gartner’s Bl and Performance o

6 Management Framework (23] I 4 >

TDWI Maturity Model [15] I * 8 5

8 TDWI Analytics Maturity Model [24] 1 * 5 5
TDWI Modern Data “

? Warehousing Maturity Model 251 L > 4
Institutional Intelligence White "

10 Book Maturity Model 16l I ? >

1 ISMETT'hospltal BI [17] A+l " 23 4

maturity model
12 DELTA model [26] I * 5 5

Origin of the model is either from academia (A) or industry (I); The application of each model is either self-
assessment (*) or third-party assistance (**).

A comparative analysis was performed on the selected maturity models, taken as
reference to the properties of a BI maturity model: number of dimensions and levels, origin
(academia or industry), and evaluation type. Dimensions are specific capabilities, processes
or objects that make up the field of study. Levels represent the states of maturity in a given
dimension; each level has a designation and a detailed description. The evaluation type
refers to the method applied, which can be either a self-assessment exercise (e.g., using a
questionnaire) or a third-party assisted exercise (with consultants or experts).

An analysis of Table 1 conveys the following evidence for the sample of analyzed
models: (1) they are mostly originated from the industry/practice and typically use a
5-level scale; (2) the number of dimensions is quite diverse; and (3) the predominant type of
evaluation is self-assessment using a questionnaire, although there are also several models
requiring third-party assistance.
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The work of [17] was instrumental in the design of the HE-BIA maturity model, which
will be detailed in the following section. The ISMETT hospital Bl MM is different from
the other selected models. First, it was designed by a research task force comprising both
researchers and practitioners knowledgeable of Bl in healthcare. Secondly, the number
of dimensions is substantially higher than usual, in total 23 dimensions, clustered in four
areas: functional, technological, diffusional, and organizational. This comprehensive set of
dimensions was considered “to form a model that is enough detailed and simple to suggest
effective improvement paths to be pursued by healthcare organizations” [17] (p. 87). Although
compliant with requirement R1, the ISMETT hospital Bl MM was still overly complex for
our purposes, failing to comply with requirement R3. Being a domain-specific model for
healthcare, this model was inspirational to our study, providing examples of how to adjust
the terminology to higher education (requirement R2).

Models number 8 and 9 were particularly important to determine new analytical
aspects of modern BIA solutions (requirement R4) that should be included in the new MM.
In 2014, TDWI proposed a MM model for analytics [24] (model 8), acknowledging the fact
that many organizations had moved forward from traditional BI systems, and were now
implementing advanced analytics projects, and that self-service Bl had become accessible
to more users. In this model, TDWI defines analytics as an overarching term including
BI and advanced analytics. Model 8 proposes an online assessment questionnaire with
35 questions across five dimensions of analytics maturity: Organization, Infrastructure,
Data management, Analytics, and Governance. The Modern DW MM [25] (model 9),
proposed by TDWI in 2018, distinguishes new DW requirements from traditional DW
requirements—related to the management and reporting of structured data. The model
addresses new DW requirements including support for real-time or streaming data, sup-
port for multi-structured data and advanced analytics, and a services architecture. This
model uses 50 questions across five main dimensions: Data Diversity, Infrastructure agility,
Analytics support, Sharing and collaboration, and Security and governance. Each of these
main dimensions are further divided into 20 sub-dimensions.

Finally, model number 10 [16], is the Institutional Intelligence White Book maturity
model, also known as the OCU model, developed by Oficina de Cooperacion Universitaria
(OCU), in Spain, with the collaboration of Jisc, in the UK, two universities from the US
and one university from Germany. This model is compliant with requirements R1 (self-
assessment) and R2 (domain-specific), aiming to serve as a general tool to assess the
maturity of the Institutional Intelligence capability in HEIs. The assessment is performed
across nine dimensions, and five levels, using an Excel spreadsheet. This model was
deemed complex to use and outdated, thus failing to comply with requirements R3 and R4.

3. Research Design

This project followed a design science approach. Design science research (DSR), in
the context of Information Systems, aims at designing new and better solutions to existing
problems. Figure 1 displays the research design followed, which is a version of the DSR
process model [27]. Starting with the identification of the research problem, and from that,
inferring the objectives of the solution given the knowledge of what is possible and feasible.
The next activity is the design and development of the set of artifacts that compose the
solution to the problem. Artifacts can be constructs (i.e., concept vocabulary), models,
methods or instantiations [28]. The fourth activity is the demonstration of the use of the
artifact to solve one or more instances of the problem, using, for instance, a case study or
simulation. Then follows evaluation to observe and measure the utility and effectiveness
of the artifacts as a solution to the identified problem. The sixth and final activity of the
DSR process model is communication, in which results are shared, emphasizing the utility,
novelty and rigor of the artifacts” design. In this project, two iterations of the design and
development activity were performed, represented by the feedback loops in Figure 1.
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Figure 1. The HE-BIA maturity model design science research design.

4. Design Science Research Step-by-Step
4.1. Problem and Motivation

HEIs are operating today in a very complex and dynamic environment, in which
globalization and the rapid development of information technologies have led to strong
competition. There is a considerable amount of data involved in the daily operations within
HE. To illustrate, educational institutions need to handle data related to enrollment, how
students perform in their courses, the grades received, their outcomes once they graduate
and have begun seeking employment. Besides teaching and learning, research and innova-
tion are also strategic key areas for many HEIs. A large amount of processes needs to be
supported in the daily operation and strategic development of HEIs [29]. Increasingly, Bl is
employed to support these lines of activities by facilitating fast and evidence-based decision-
making throughout the HEI. A recent Educause report [30] revealed the top 10 strategic
technologies that HEIs in the US are investing in: APlIs; institutional support for accessi-
bility technologies; blended data center; mobile devices for teaching and learning; open
educational resources; technologies for improving student data analysis; security analytics;
integrated student success planning and advising systems; mobile apps for enterprise ap-
plications; and predictive analytics for student success. Most of these technological trends
rely on BI and analytics solutions. In the US, the Higher Education Data Warehousing
(HEDW) is a network of practitioners on knowledge management and decision support.
This is a mature community that since 2013 brings together specialists from IT, institutional
research, and functional areas in HEIs. The group’s name reflects the initial focus on data
warehouse (DW); however, this is a BIA community of practice. At the European level, the
EUNIS Special interest Group on Business Intelligence also brings together BIA practition-
ers and researchers in HE since 2012. BIA is undoubtedly a strategic technological need
in higher education worldwide. In Europe, most HEIs are not directly business-driven;
however, there is a clear need to increase public investment efficiency in higher education
as an economic good [31]. Apart from the economic and public accountability goals, HEIs
also compete for the most qualified students and best faculty to excel in the core areas
of teaching and research. Worldwide, many universities and colleges have implemented
BIA solutions in their operations, with a varying degree of success. BI has been applied
in HEISs, for instance, to ensure compliance [32], to analyze student learning [33,34], in
current research information systems or CRIS [35], or in monitoring strategic goals [36].
However, for the most part, Bl investment in the education sector is still lagging behind the
industrial sector and larger enterprises, partially due to budget limitations [37]. The benefits
of BIA systems [38] are attractive to HEIs, whether in the form of increased autonomy
and flexibility for the users when it comes to creating reports, quick and simple analyses,
improved decision support and operational efficiency, as well as a range of new analytical
functions. Notwithstanding, there is a limited study at a holistic level on how to assess
the effectiveness of BIA solutions in delivering value to HEIs. The present study aims to
address this gap.

4.2. Objectives of the Solution

The objective of the project can be specified at the micro (HEI) and macro (BIA commu-
nity) levels. At the micro-level, the objective is to provide an HEI with a specific maturity
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model for higher education as a general tool to assess the maturity level of the BIA capability
of the institution. Specifically, the use of the MM should enable HEIs to:

Identify their current maturity level;
Set a desired maturity level for the BIA initiative according to university strategic goals;
Identify the dimensions of potential improvement, and use them to internally devise
an adequate path for improvement (roadmap) to reach the desired maturity level;

e  Use the model as a strategic tool to raise awareness among university management of
the need to invest in BIA.

At a macro level, the goal is to have a basis of understanding for the European
higher education BIA community of the critical success factors of BIA deployment, with
an inspirational mindset looking at the future campus. An expected outcome, from the
EUNIS BI SIG perspective, is to be able to run in the near future a more informed survey
on the maturity of BIA across European HEIs. A survey with preferably a wider range of
participation than a previous survey carried out in 2013, which targeted mostly public HEIs
(92%) in nine countries (France, Finland, Germany, Ireland, Italy, Portugal, Spain, Sweden,
and the United Kingdom), with 66 respondents [18]. But most importantly, a survey that
can run based on a more mature and general understanding of the key components of a
BIA solution. This work also has the objective to train IT and functional /business users
in HE, at the European level, on the key concepts of BIA. This way, participants can more
informedly perform a self-assessment and benchmark their BIA maturity level against
other HEIs at a given point in time and overtime. The research question that frames this
project is the following;:

Is a lean and HE-specific MM a useful and relevant instrument for assessing the current status
of deployed BIA solutions?

4.3. Design and Development

This phase of the DSR process entails the iterative design and development of two
artifacts that compose the solution to the problem. The first artifact—the HE-BIA maturity
model—is a domain-specific MM, fulfilling the five design requirements. The second
artifact is an assessment method comprising a set of recommendations on how to perform
the self-assessment exercise.

The design started with a knowledge acquisition phase, which included an extensive
literature review on BIA maturity models and several brainstorming sessions among the
project’s researchers. Due to the aforementioned deficiency of the current models, we
chose to combine the knowledge of the existing models and, where applicable, add new
knowledge into a new model. We did this by analyzing existing maturity dimensions and
levels in order to compose a maturity model for HEIs using domain-specific terminology.
A design constraint that was always present was to avoid an overly technical terminology
that could prevent the maturity exercise from being accessible to academic decision-makers,
e.g., executive sponsors and business users. Instead of writing generic maturity statements,
we decided to instantiate the model as much as possible to the HE context in terms of
entities, processes, and situations (requirement R2). Another design constraint was the level
of detail of the exercise. In order to meet requirements R1 and R3, we needed to balance
the depth (i.e., level of detail) of the model, not only in terms of the number of maturity
dimensions but also in the level descriptions. The first iteration of design & development
led to the preliminary version of the HE-BIA maturity model, called v0.1 (see Figure 1).
This model was further refined in two iterations, following a typical design approach for
maturity models [39]. Two versions of the HE-BIA model were developed to incorporate
the set of improvement recommendations gathered in the demonstration and evaluation
phases, respectively.

The type of assessment exercise we envisaged also constrained the design of the model.
Given the requirement to produce a lean approach (R3), the maturity model should be used
in a self-assessment exercise in a limited time frame, in a collaborative effort to promote
discussion among participants, as opposed to using extensive questionnaires.
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4.4. Demonstration

In June 2019, the preliminary version of the HE-BIA MM was presented and initially
validated in a workshop with the EUNIS BI SIG community of practice. This half-day
workshop involved 30 participants from 12 countries and took place before the annual
congress of EUNIS 2019 in Trondheim, Norway. The participants included Bl practitioners,
IT directors, Vice-Rectors, and BI project leaders. In the DSR paradigm, the relevance
of the designed artifacts is measured in terms of their utility for practice [28]. Therefore,
the goal of this workshop was to evaluate the utility of the proposed maturity model,
gathering qualitative feedback on its relevance for the BI SIG community. Following the
demonstration phase, a new iteration of the design and development phase took place,
leading to a new version of the model-HE-BIA MM v1.0 (see Figure 1). The details of this
initial feedback are presented in the Discussion section.

4.5. Evaluation

In the evaluation phase, three case studies were completed with HEIs selected from
different countries: the Norwegian University of Science and Technology (NTNU) and the
Norwegian University of Life Sciences (NMBU), both in Norway and Ghent University
(UGhent) from Belgium. The selection of HEIs for the case studies was made by con-
venience [40]. All HEIs are active members of the EUNIS BI SIG. NTNU is the largest
university in Norway (42,000 students) and is considered a front-runner in terms of BI,
having a stable BI program since 2011 [41]. The cross-functional BI team at NTNU com-
prises 19 people, of which 10 are full-time employees (FTE). The team, led by a full-time BI
manager, is organized in different roles as scrum developer, product owner, educational
analyst, business architect, and information architect. NMBU is a medium-sized university
(5200 students) that started its Bl initiative in 2017. The BI team currently consists of one
FTE full-stack developer working in close collaboration with stakeholders in the university.
UGhent is a large university in Belgium (45,000 students), with a consolidated Bl program
since 2015. The BI team at UGhent comprises a full-time BI team leader and six FTE
(four internal FTE and two FTE external consultants). The first case study, with NTNU,
occurred in September—October 2019, followed by the NMBU case study in November 2019,
and finally, the UGhent case study in February 2020. Version 1.0 of the HE-BIA MM and a
similar research protocol were used in all three case studies.

The final validation of the model was performed on a BI SIG workshop that took
place in Ghent, in Belgium, in February 2020. The BISIG Winter Seminar was a 2-day
event, with 21 participants from eight countries (Belgium, Denmark, Finland, Germany,
Netherlands, Norway, Portugal, and United Kingdom). The HE-BIA MM was instrumental
in the workshop organized on the second day of the event. NTNU and NMBU shared their
results and experience with the maturity assessment. Several exercises were developed
collaboratively to further test the relevance and usefulness of the HE-BIA MM. A summary
of the feedback received is presented in the Discussion section.

4.6. Communication

Preliminary results, focusing on HE-BIA MM version 0.1 were presented in a commu-
nication at the EUNIS 2019 annual congress in Trondheim, Norway. Later in 2020, at the
EUNIS 2020 annual congress, an extended abstract was published describing the research
design that would lead to the definition of the HE-BIA MM version 2.0. Recently, in 2021, a
paper detailing the in-depths findings of one of the case studies performed to evaluate the
HE-BIA MM version 1.0, was published in the International Journal of Business Intelligence
Research [41]. The present paper is focused on the design process of the MM, detailing
each step of the design science research methodology and the iterations that lead to the
final version (2.0) of the HE-BIA MM (as stated by requirement R5).
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Data (as key asset)

Data products

Technical foundations

5. The HE-BIA Maturity Model v2.0

The level of detail of the model was the central design decision. The design was an
iterative exercise, starting with the study of the work of [17] and a tentative application to
the higher education context. This model has 23 dimensions (see Table 1) and an overly
complex assessment procedure. Therefore, although inspirational, the work of [17] needed
to be adapted to HE and simplified to comply with our design requirements (R1, R4),
i.e., enabling HEISs to perform a lean self-assessment of their BIA solutions. An analysis of
older models (e.g., see models no. 5 and 6 in Table 1) reveals a design pattern of using a
fewer set of dimensions, that context-wise, include several maturity aspects. As opposed
to these older maturity models with fewer dimensions, we opted to design a model with
more dimensions in order to provide users with a sufficient level of detail for the maturity
assessment. Additionally, most of the models presented in Table 1 needed to be updated
to capture new analytical aspects (requirement R4), such as the use of Al and big data,
which determined the use of additional maturity dimensions. We designed a model with
a hierarchy of “maturity components” in which we can drill-down and drill-up. The
hierarchy of “maturity components” is defined as part — category — maturity dimension,
in which the latter is the lowest level of detail. The HE-BI MM comprises 18 dimensions,
grouped in two parts and seven maturity categories, as displayed in Figure 2. In the
proposed model, dimensions describe, at the right level of detail, the important issues
that HEIs need to address to get a holistic assessment and view of their BIA initiative. As
frequently documented in the literature, the implementation of BIA systems involves a
combination of technological and organizational issues that need to be secured in order to
be successful. This determined the initial categorization of “maturity components” into
two parts: technology- and organization-related issues, which are then further detailed into
categories (see Figure 2).

Value

Program/project management
Technology part HE-BIA MM v2.0 Organization part

Business process/ BIA development

People

Figure 2. The HE-BIA maturity model v.2.0: parts and maturity categories.

The HE-BIA maturity model comprises 18 dimensions over seven maturity categories,
as illustrated in Figure 3. The model uses five maturity levels to specify the progres-
sion in each dimension: 1—pre-adoption, 2—Initial, 3—Managed, 4—Systematic, and
5—Optimized. The definition of each dimension is presented in Tables A1 and A2 in the
Appendix A.

5.1. The Technology Part

The technological part groups the elements in the technical realm that are instrumental
for enabling the effective use of BIA solutions in the context of HEIs. The maturity levels of
the seven dimensions in the technological part are detailed in Figure A1 in the Appendix A.

5.1.1. Data (as a Key Asset)

Data is central to the notion of data-driven decision-making or evidence-based decision-
making and, therefore, forms the entry point to the assessment. Data is also rather situ-
ational to the organization in what data can be collected and what data is relevant. The
data category encompasses two maturity dimensions: data variety and data velocity. We
decided to exclude the data volume dimension from the assessment. This is because what
organizations need is insight from data [42], and every so often, rapidly processing a smaller
amount of data may benefit the organization more than simply collecting large amounts of
data. When confronted with the question of inclusion or exclusion of the volume dimension,
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Data Products

practitioners in HEIs, after some reflection, have been in unison on the choice of exclusion.
In their own words, “it is the thickness of the data that counts.” Conversely, the ability and
the practice to collect and prepare different types of data (variety) and at a higher speed
(velocity) are considered good indicators of the organization’s ability to enable the more
innovative upstream BIA activities.

Value

People

Figure 3. The HE-BIA maturity model v.2.0: maturity dimensions and levels.

5.1.2. Data Products

Data Products are the direct tangible BIA products and services provided by the BIA
technical platform. The type and sophistication of the products have a direct relation to
the possibility provided to the upstream analyses and activities. Two maturity dimensions
are grouped in this category: traditional data products and advanced analytics. The
former has its focus on the traditional BI products, such as reports and dashboards, while
the latter captures the recent trends and developments of the business analytics part,
namely machine learning and data mining focused tasks, such as prediction (aligned with
requirement R4). We consider these two separate lines of products, where one does not
succeed or replace the other. They are both needed in the foreseeable future and follow
their separate maturity ladders.

5.1.3. Technical Foundations

The Technical foundations category groups the underlying technical backend factors
that make the deployment of frontend data products possible. These factors are directly
relevant to the production of data products. Three maturity dimensions are grouped
here. Architecture aims to capture the practices of how to store and organize the central
data repository (with less potential problems, less maintenance, and more flexibility to
accommodate emerging needs) to best support BIA frontend activities (such as interactive
dashboards and ad hoc analytical needs) across the whole organization.

Technical integration captures the best practices of integrating source data into a central
repository. Traditionally, ETL (Extract, Transform, Load) processes are used to integrate data
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into the data warehouse [43]. Recently, development on sourcing unstructured and real-
time data has led to the development of data lakes, where ELT (Extract, Load, Transform)
is often used to integrate the source data [44].

The last dimension in this category is IT infrastructure. This dimension encapsulates
the required university’s information technology infrastructure capabilities to support
the development of BIA products. While IT infrastructure is typically not considered a
motivation factor for BIA development, nonetheless, we have decided to include it in
the maturity model as a hygiene factor. The rationale is that if this element is absent or
insufficient, it hampers the development of BIA solutions. For example, lack of possibility
or flexibility in accessing the needed infrastructure for testing and deployment of new BIA
products have a tendency to either slow down the projects or entail workarounds (e.g., BIA
team seeking public cloud infrastructure services instead).

5.2. The Organization Part

The organization part groups the non-technical elements that are key to the develop-
ment and usage of BIA solutions in higher education. The maturity levels of the 11 dimen-
sions in the organization part are detailed in Figures A2 and A3 in the Appendix A.

5.2.1. Value

The Value category measures the actual impact or value that the BIA solution has
on the organization. The first dimension of this category is BIA strategy, which refers to
defining and managing the strategy of the BIA initiative itself and its alignment with the
university’s strategic goals. The greater the degree of alignment between the BIA solution’s
strategy and the university’s strategy (enabling improvement in key areas or processes),
the greater the value of the BIA solution.

The second dimension in this category is Academic analytics support, which describes
the effective value of the BIA solution in supporting academic analytics. Academic analytics
is a HE domain-specific concept, similar to business analytics, which is concerned with
improving the effectiveness of organizational processes [45]. This dimension refers to the
application of data analytics at an institutional level, as well as national and international
levels, to provide insights for policymaking. This dimension measures how well the
BIA solution supports the performance management needs of academic leadership at
different organizational levels (i.e., university/rectory, faculties, departments, services, or
offices) with relevant data and insights impacting operational decision-making, leading, for
instance, to cost reductions in key business processes or the identification of new customers
(e.g., marketing campaigns for student recruitment).

5.2.2. Program/Project Management

The successful development of BIA solutions is an evolving and iterative endeavor.
Hence, BIA systems are considered an organizational program (i.e., a collection of projects)
rather than an individual project. The program/project management category includes
three dimensions related to BIA project success factors, which are pivotal in the planning
and managing the execution of the BIA program [46]. The Sponsorship dimension is
instrumental in ensuring adequate resources for the development and improvement of the
BIA solution. This dimension describes the level of support, ownership, and responsibility
of top management towards the BIA solution. Maturity progression in this dimension
includes the appointment of a business sponsor (a well-respected and influencer leader
of the university, typically from the rectory or top management), a BIA director, and an
organizational unit dedicated to the development and management of the BIA solution.
This unit is typically called a Business Intelligence Competence Center (BICC), with a cross-
functional team, including members from IT and the “business” or academic side [47,48].

The Data governance dimension maps the level of adherence to data governance
practices and methodologies to ensure the quality and accuracy of the data in the BIA
solution. According to [49], there has been a growing interest and recognition of the
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importance of data governance in HE. Data governance refers to the exercise of authority
and control over the management of data [50]. This includes the effective application of
principles, policies, roles, responsibilities, use of data standards for data management (for
modeling and data exchange) across the university.

The final dimension in this category is Change management. This dimension maps
the ability to manage changes within the context of the BIA solution. Change management
is a crucial activity in DW/BI systems [5]. Any issue that impacts a BIA project’s schedule,
budget or scope should be considered a change. Industry experts advocate that a change
management mechanism should be set in place to capture and document changes enabling
better communication with the BIA users. Given the evolving nature of the BIA solutions,
as previously discussed, there is a need for continuous support and development. Hence,
change management is essential to manage the expectations of BIA users. This dimension
captures this need to document and manage changes of the BIA solution; it does not cover
organizational change management as in [51].

5.2.3. Business Process/BIA Development

The Business process/BIA development category comprises a single dimension, Pro-
cess coverage. This dimension maps the coverage of the BIA solution in support of the
university business processes. The initial design of this dimension considered the original
value chain concept [52] to distinguish between primary and support business processes.
However, the application of the value chain model to higher education is not straight-
forward. Ref. [53] proposes a reconfigured higher education value chain model, with an
interpretation of academic processes, distinguishing between value driving and other activ-
ities (primary and secondary support services). However, this reconfigured value chain
is not as well-known as the original Porter’s model. And given the design requirements
R2 and R3 in the maturity model, we opted for a different interpretation of the chain of
activities or processes in HEIs. Four key business process areas are defined—Finance,
Academic, Research, and Human Resources—corresponding to the most common areas of
usage of BIA in universities. The maturity progression in the Process coverage dimension
considers the formal support of the BIA solution with specific data products to these key
business process areas as well as the supporting or secondary business processes (such as
information technology, logistics, facility management, etc.). This design choice intends
to avoid the complex exercise of mapping the value chain model to HE, opting for a lean
approach to determine process coverage.

5.2.4. People

The People category groups the important aspects of users, their competence, their
decision-making culture, and their engagement with the BIA systems. The User groups
dimension measures the type of users that have access to the BIA solutions. In the maturity
model, academic users are grouped into four structural groups: leadership (top-level
management/rectory, school-level management, etc.), administrative staff (from central
university services, local school services/offices), faculty, and students. To realize its
full potential, some authors state that one might “need to be thinking about deploying Bl
to 100 percent of the employees as well as beyond organizational boundaries to customers and
suppliers” [54] (p- 89). Including students as a user group may be controversial, but the
rationale in the model is to be forward-thinking (i.e., requirement R4), and we envisage
that, in the future, learning analytics products may be available to students through the
university BIA solution.

Gaining access is only a start; the number of active users is another often-cited measure
of success. System usage is the dimension that captures the effective use of the BIA solution
by measuring active users that go beyond merely having access. In the literature, system
usage is commonly used to measure the intensity of use of an information system [55] in
terms of how long the system is used. In the MM, we opted to quantify the number of
active users. What counts as “active” is rather situational and is not prescribed by the MM.
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In fact, discussing what an active user is can bring forward interesting assumptions and
understanding of the value of BIA for each organization.

On top of being able to actively use the BIA solution, it is also useful to see how deep
the user can engage with the BIA systems, ranging from a recipient of a static report to
actively analyzing and interrogating the underlying data to test hypotheses and generate
correlations and inferences. This is encapsulated in the dimension of User capability, which
relates to measuring the extent to which users engage with the BIA solution to perform their
tasks [55]. We consider the User capability dimension as one of the important triggering
factors to unleash the technical potentials of BIA solutions.

Ultimately, being able to access data, actively use it, and perform complex analytical
tasks on the data are all necessary steps that rely on the analytic and decision-making
culture to achieve the ultimate goals of BIA-insight and action. The Analytical and decision-
making culture dimension measures the extent to which the university incorporates a shift
from intuitive to data-driven decision-making across the organization [56]. This relates to
what some authors call the “embeddedness of Bl systems” [55], in which the BIA solution
becomes part of the organizational activities supporting the decision-making of all user
groups in HEIs.

Finally, the People category includes the Training dimension, used to measure the
competence improvement of the different sets of users. Establishing a training program
to improve the BIA competencies of users is critical to achieving an effective usage of the
BIA solution.

6. The Assessment Method

The proposed assessment method comprises two facilitated sessions with key BIA
stakeholders and semi-structured interviews. Design requirements R1, R2, and R3 are
particularly important for the assessment method. Starting with requirement R3, a lean
approach was envisaged to enable a high-level yet relevant assessment exercise. A central
decision is the selection of the BIA team members and stakeholders that should take part
in the maturity assessment. To this end, the recommendation is to define two groups of
participants to the facilitated sessions. One session is targeted to product owners and user
representatives, and another facilitated session is conducted with the BIA technical team.
The number of participants in each session should be between five and seven. The duration
of each session should not exceed two hours. It is recommended that the BIA team leader be
present in both sessions to capture the dynamics and discussions of the groups. However,
he/she should only actively participate in one of the groups, opting for the technical or
business side.

The HE-BIA Maturity Model was designed to enable each HEI to conduct a self-
assessment exercise (requirement R1). Hence, the BIA team leader plays a pivotal role in
the assessment procedure. In each of the performed case studies, the maturity assessment
started with a planning session between the BIA team leader and the two researchers.
With the help of the BI team leader, the list of participants for the facilitated sessions was
elaborated, and key persons in the organization with insight into the BI program were
also identified. The facilitated sessions occurred on-site, with no particular order. The
BIA team leader decides which team meets first. It is important to send an email to the
participants explaining the goal of the maturity assessment. This is, of course, situational
for each institution, depending on the reasons that led to the assessment. We opted not
to send the maturity model in the communication email. Given R2, the designed model
should be easy to understand and use relevant terminology for HE. As researchers, we also
wanted to test this. Coming with an open mind to the assessment frees participants from
previous misconstructions leading to a collaborative effort in-session to assess the maturity
of each dimension. However, the BIA team leader can also send a priori the maturity model
to the participants if he/she believes it is the best course of action for the team.

A similar procedure was followed in each facilitated session, as shown below.
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e  The facilitator (one of the authors of this paper) introduces the maturity model and
the workshop’s plans (10 min);

e  Each participant reads the assessment materials: the brochure How to do the assess-
ment? and the Maturity Model (10 min);

e  Participants are divided into pre-defined groups of two or three. The local assessment
sponsor (typically the BIA team leader) should take into account group dynamics;

e  Each group does the assessment independently, scoring each dimension of the maturity
model (30 min);

e  The facilitator leads the discussion to reach a consensus about the final score of each
maturity dimension and presents a visualization of the results (1 h);

e  Participants write the feedback form (10 min).

As described, during the session, participants are asked to individually read the
materials and then start using the maturity model divided into groups of two (or three if
needed). This is the first round of assessment, which should be fast (30 min). Then follows
the discussion between all participants in the session (1 h). The facilitator leads the group
into an analysis of each dimension. Each group reveals its score of maturity. If there is a
mismatch, it is an indication that there are different perspectives and assumptions in the
group. A consensus needs to be reached for the maturity level. Participants are encouraged
to share their arguments for the score and their predicaments with the maturity levels.
This part of the assessment is limited to one hour, so discussions need to be focused on
the dimensions. The facilitator uses an Excel spreadsheet for data collection, storing for
each dimension the scores from the different groups and the consensus score. Once the
scoring is completed, the facilitator shows the group a visualization of their assessment
using a radar chart, as displayed in Figure 4. Finally, participants are given some time to
individually reflect on the assessment procedure and provide feedback on the issues that
were most relevant to them.

Architecture

Advanced analytics

Traditional data products

Data velocity

HE-BIA maturity model by dimensions

IT infrastructure 5

Technical integration

Data variety

HE-BIA maturity model by categories

BI&A strategy
Academic analytics support
4.5
Sponsorship
Value
4.0
Data governance
Technical 30~
foundations _—"" S
f

Program/project

management
2.0

Change Management

Process coverage \ )

Data products \ Business process/

BI&A development

User groups ————

System usage Data (as key asset) People

Training

Analytical and dedision-
making culture

User capabilities

Figure 4. The output of the maturity assessment with the HE-BIA maturity model (fictional data).

A radar chart is produced for each session. Comparing the results of the technical team
with those of the team of product owners and user representatives can be very insightful to
the entire BIA team. The results can be used by the team leader to improve the BIA solution.

In the performed case studies, two semi-structured interviews followed the workshops
or facilitated sessions, which complemented the assessment procedure. The recommenda-
tion is to start by interviewing the BIA program sponsor, gathering the perspective from top
management, and finally interviewing the BIA team leader. In both interviews, a summary
of the assessment results can be presented and discussed.

The assessment procedure relies on the presence of the facilitator. Our recommen-
dation is that the profile of the facilitator should be a researcher with deep expertise on
BIA, as opposed to a consultant or academic manager. The facilitator needs to lead the
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group into reflection and an honest self-assessment. Therefore, it should be someone
perceived by the group as an impartial player, acting with the sole purpose of encouraging
fruitful discussions.

7. Discussion

The HE-BIA maturity model is the result of an iterative development with two design
iterations, as illustrated by the feedback loops in Figure 1. In this section, we discuss the
design choices and the model revisions according to the feedback received in the demon-
stration and evaluation phases. The discussion of the maturity assessment results of the
three HEIs used as case studies is out of scope. This paper focuses on the DSR cycles leading
to the final versions of the designed artifacts: maturity model and assessment procedure.

7.1. Feedback from the Demonstration Phase

HE-BIA MM v1.0 incorporated the initial qualitative feedback received during the
2019 EUNIS BI SIG workshop. In this workshop, participants were divided into six groups
(of five), and each group performed a maturity assessment using one university as a case
study. The selected case studies were HEIs in which one of the group’s participants was
affiliated and knowledgeable of the BI initiative. The selected HEIs were from Belgium,
Canada, Croatia, Norway, and Portugal.

Participants were given a copy of the maturity model (version 0.1), a two-page doc-
ument with an introduction to the model and recommendations on how to perform the
assessment, and a feedback form. The assessment exercise took 40 min. Groups then gave
a five-minute presentation discussing their case and sharing insights on the usefulness of
the model and the exercise itself.

Table 2 summarizes the qualitative feedback received in this workshop, compiled from
the feedback forms and oral discussions. The initial feedback was extremely positive. The
maturity assessment exercise enabled very fruitful discussions in each group and as a whole
during the presentation of cases. The maturity model was well received and deemed useful
for practitioners. It was considered with the potential to be a benchmark tool and a more
systematic way to approach university management in order to secure funding and all the
required resources for the BIA initiative. Negative feedback was always given in terms of
improvement. Specifically, regarding the maturity dimensions, participants mentioned the
ambiguity of some terms which required clarification (e.g., semi-structured data, real-time
data streams) and questioned the definition of two dimensions: Performance management
and Cloud computing infrastructure. This led to the major revision of HE-BIA MM v1.0.
The Performance management dimension was renamed Academic analytics support, and
the Cloud computing infrastructure dimension was revised into the IT infrastructure
dimension, as detailed in Figure 5.

The Performance management dimension was well designed, but its name was con-
troversial. Hence, the name change, using a HE domain-specific concept as academic
analytics support. Regarding the Cloud computing dimension, several workshop partici-
pants questioned its direct relevance to BIA. Some asked if moving to the cloud is always an
advantage? Others expressed their view that it is not a technical feature list that represents
maturity but rather how well the underlying infrastructure meets and supports the actual
organizational needs. These concerns and the subsequent in-depth discussions between
the researchers and the participants lead to the removal of cloud computing as a dimension
replacing it with the new Technical infrastructure dimension (see Figure 5).

The Analytical culture dimension was also renamed as Analytical and decision-making
culture, as suggested. Finally, the comments on the levels led to an improvement in
the assessment method, acknowledging upfront to participants that level descriptions
were sometimes generic hence perfect matches might be difficult to attain. If the current
assessment is in-between two levels due to a partial match, then the lower level of maturity
should be selected. Participants were also informed that the distance between consecutive
maturity levels would typically vary.
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Table 2. Qualitative feedback received on the EUNIS BI SIG 2019 workshop.

Feedback Regarding

Comments from Participants

Usefulness of the MM

“Helps to focus on the right things”;
“Useful for making management more aware of the need to invest in BI”;

“Great help for discussion (such that one does not forget important aspects)”;

“Useful as a reference maturity model and very complete”;
“Great tool for benchmarking. Will help HEIs to strategically implement BIA and to plan activities”;
It needs to be improved, solving some ambiguities (clarification of some terms).

Performance management dimension received the largest number of comments; the description was unclear to
most participants;

Cloud computing infrastructure was considered not relevant and not always an advantage for HEIs. This

dimension should be replaced by an IT infrastructure dimension;

User capabilities: comments regarding the need to distinguish different leadership levels (program committees,

Dimensions

faculty, rectory);

User engagement: clarification required in the definition of the dimension and on the term “consistently use”

(levels 3 and 4);

Analytical culture: name change proposition to Analytical and decision-making culture;
BIA strategy: clarification required in the definition of the dimension, to emphasize that refers to how the BIA
strategy supports the university goals;
Change management: generated comments, particularly from participants with a technical background, that
questioned if the dimension was related to IT change management and ITIL.

“How to represent a partial match in two or three adjacent levels? Should the best- or the worst-case scenario be selected to
decide the correct level?”;

Levels

The distance between consecutive levels is not always the same;

“Is Level 5 really always “better”?”.

HE-BIA MM v0.1
Performance management

Revised: HE-BIA MM v1.0
Academic Annlyiics support

HE-BIA MM v0.1
Cloud computing infrastructure

Revised: HE-BIA MM v1.0
IT infrastructure

This dimension di ibes the effective value of

Acad: refers to

the BIA solution, using KPlIs to measure how
effectively the BIA solution meets the needs

and expectations of users.

- Near real-time KPI measurement & drilldown

data analytics to aggregated levels
ies, the

How extensive is cloud computing used
and integrated with the infrastrcuture to
meet busi needs

institution, the national level) in order to
provide input for policy-making (either
intemally or extemnality at national
and/or EU level).

This. 1 d the effe
value of the BIA solution in supporting

There is no BIA solution currently deployed

How well does the university's IT infrastructure
support the depolyment of BIA solutions?

no change

On premises and no virtualization

There is no need for IT infrastruture support due
to the absense of a BIA solution.

Inititial data products are developed, however, 'no change The majority of IT i support is given to
the BIA solution is not yet connected with any has been virtualized. Organizations are | sporadic BIA pilot projects. Accessibility and
official performance management reports not using public laa$S (Infrastructure-as-a- flexibility are key requirements to enable the
Service) or Paa$ (P Service) |timely of BIA pilots.
The support of the BIA solution to no change Organizations auto-provision IT infrastructure needs to support the deployment
performance management is limited to anual infrastructure in a private cloud. of BIA initial products (e.g., data marts), ensuring
academic year reports and linked with Organizations are experimenting with the security and reliability so that BIA products
traditional reporting and statistics from public cloud, often for development and | comply to the standards of the university's IT
Institutional Research offices test environments service management (e.g., SLA- service level
agreements).

BIA solution supports university performance | no change Organizations use cloud infrastructure IT infrastructure needs to support the deployment
management with data at different for specific production applications. For |of all spectrum of BIA products (e.g., DW/data
organizational levels (university, faculties, instance, for temporary tasks where itis |marts and Al/machine leaming) enabling their
departments, services/offices) and is used for necessary to spin up a large number of |timely scalability whenever required.
operational decision-making with KP| instances rapidly.
measurement (and dril-down capabilities)
leading to cost reductions in key business
processes, the creation of new products (e.g.,
program management), identification of new

(e.g., marketi paings for
student recruitment).
- BIA solution supports university performance |no change Organizations deploy "hybrid" IT infrastructure needs to fully support the

management with data at different
organizational levels (university, faculties,
departments, services) and is used for near
i ional deci king with KPI
measurement (and drill-down capabilities).
- BIA solution supports strategic decision
making, enabling management and
of the university's
(e.g., using a balanced scorecard)

ic goals

applications where certain elements of
the system are deployed using a public
laa$S or Paa$S provider and other aspects
(e.g., data or Y

deployment of all current and future BIA products,
ensuring all requirements of flexibility, security,
liability and of BIA d in a cost-

requirements) are maintained locally.

manner.

Figure 5. Major dimension revisions on HE-BI MM v1.0.
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7.2. Feedback from the Evaluation Phase

During the evaluation phase, three case studies were performed with three institutions
using the same version of the model (v1.0). All interactions with the participants were
recorded, including workshops and interviews. This enabled a fine data collection in terms
of feedback, suggestions, and requests for change. Comments were also gathered from the
received feedback forms, as well as the researchers’ notes. Each comment was stored and
annotated in an Excel file.

Figure 6 displays the total number of comments received for each dimension of the
model. Comments were classified into three categories: A—rephrasing, B—minor change,
and C—no action required. The User capabilities dimension received the highest number
of comments, 13 in total, of which only nine led to revisions in the model. From the list of
the top-10 dimensions with the most comments, only three are related to the organizational
part. The objective of the workshops and interviews was to collect the aspects that were not
understood by the users. Unsurprisingly, the technical aspects generated more discussion
and requests for clarification.

0 2 4 6 8 10 12 14

User capabilitie:s  1——
IT infrastructure
Data velodty
Change management I
Architecture I
Technical integration
Sponsorship
Datavariety I

Traditional Data products

Academic Analyticssupport I

Process coverage I
Advanced analytics
BIA strategy

User groups

Analytical and decision-making culture

Training | —

Data governance

System usage

Total number of comments for each dimension

mA- Rephrase B - Minor change C - No action

Figure 6. Summary of comments received to HE-BI MM v1.0.

Apart from the absolute value of comments, it is also relevant to analyze the impact of
the comments on the model’s improvements leading to v2.0. Figure 7 presents a visual-
ization highlighting the parts of the model that were improved (i.e., dimension definition
and level descriptions) in blue, as well as the number of A comments received for each
part. As expected, the User capabilities dimension was refined in order to solve the incon-
sistencies commented by the users. Most comments were related to the levels’ progression,
mentioning that administrative users need to be supported first rather than leaders.

The revisions in the Data variety dimension included a clarification in the definition,
stating that “variety” relates to the different data types in data sources and a simplification
of the level progression.
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Improved Model v2.0: highlighted changes applied
and corresponding number of A comments
received (rephrasing )

Dimensions

Data variety
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Figure 7. HE-BI MM v2.0: improvements made considering received feedback from v1.0.

Most comments about Data velocity focused on whether the dimension covered the
need to have analytics updated as close to real-time, or if it was technically feasible to have
that. Many participants mentioned that in universities, educational data is generated on a
semester or yearly basis (e.g., student questionnaires). As can be seen from Figures 6 and 7,
the received comments did not originate a rephrasing and were labeled C (no action).
However, we decided to clarify the dimension’s definition, stating that “this dimension
refers to the real consumption of existing data for analysis purposes by the BIA users.”
Moreover, the level progression was simplified to monthly (since most financial reports
have this periodicity), weekly, daily, and real-time. Analytical applications providing close
to real-time data are still scarce in higher education. For instance, Ref. [57] reports on the
use of analytics to provide updated information about the occupancy and utilization of
spaces and how that was instrumental in constructing resilient and adaptive timetables.
In March 2020, due to the COVID-19 pandemic, organizations in general, and also HEIs,
were forced to accelerate their digital transformation strategies. During this period, new
data-driven products were developed in which the velocity of data analysis was crucial.
For instance, analytics were used to efficiently monitor in real-time the usage of learning
spaces or to track quarantine and isolation cases [58]. Given requirement R4, we decided to
keep the model focused on innovative use of analytics; hence the velocity of data analysis
is an important aspect. All three case studies were completed before the pandemic. We
believe that, currently, all three universities would report differently in this dimension.

Comments received for the Architecture and Technical integration dimensions resulted
in a clarification of the level progression stages. For instance, level 3 of the Technical
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integration dimension was too detailed in v1.0, mentioning some ETL subsystems, which
generated confusion, especially among the business users.

The validation process in this study comprised three case studies and two workshops
with HE practitioners, which are more than usual surveys and interviews. It is, in a way,
less quantitative than other validations; however, it is more effective since it resulted in very
detailed feedback. We reckon that qualitative research provides rich and accessible insights
into the real world. It exhibits the experiences and perspectives of practitioners in a way
that is both different from but also complementary to the knowledge we can obtain through
quantitative methods. In this study, the opportunity to probe allowed the researchers to
determine more than just initial responses and rationales. Since we aimed for a model
accessible to the community (requirement R2), it was important to engage in a participatory
design, such that the community has some degree of agency and sense of ownership to
the MM. This will foster the adoption of the model in the BIA teams in the different HEIs.
Only when it is adopted by a larger group can its utility at a macro level be fully realized.
Finally, such a design choice was also based on the intention to support the HE community.
Indeed, participants felt that the assessment through seminars and workshops was useful
and applicable, as well as a good trigger for reflections and discussions on their practices.

8. Conclusions

In this paper, we presented a domain-specific BIA maturity model for HEIs validated
by practitioners in the field: how it was conceived, the methodological design process that
we followed, the model itself, and finally, the demonstrations and validation of its coverage,
accuracy, and usability.

The design of the MM was driven by five requirements. R1 established that the model
should enable each HEI to conduct a self-assessment exercise. This was validated with
three case studies, in which all HEIs reported that the exercise was very useful and relevant
to assess their current status of BIA development.

As much as the MM is a product, it is also a process. We documented in detail the
assessment process of the MM. Likewise, we consider certain elements and characteristics
in the MM process that are instrumental in securing the usefulness. For example, it was
considered intuitive and natural to start the assessment with the Data category. As one
participant puts it:

“You have taken data as the starting point, which I think is most important because if you
don’t have data, you don’t have BI at all. You can always have teams, and you could have
technical staff, have technical applications, etc., but if you don’t have data, you don’t have
anything at all. So I think it’s a great place to start to assess your maturity according
to how mature you are in structuring your data, in what kind of data do you have, the
access to data, and how you (are) using the master data.”

Similarly, participants considered it advantageous to score the technical dimensions
before dealing with the model’s organizational part, as the former is somewhat more
concrete and subsequently necessitates establishing a shared vocabulary for the discussions
later on. The team was also positive about the setup of two separate facilitated sessions, one
with the technical team and another with the product owners and user representatives. It
was apparent that discovering the discrepancies between the two groups is rather intriguing
and the subsequent discussion on why it happens is even more engaging. The size of
the group (6-8 people) and the duration of the assessment (two hours) were considered
appropriate. The presence of a facilitator was also considered instrumental. A facilitator
helps to make sure everyone listens, stays on topic with the agenda, knows their tasks and
roles, and feels included in the process. The proposed lean approach, with the high-level
assessment (requirement R3), was considered adequate and very useful in terms of building
a more data-driven organization in each HEIL

The validation process also revealed that the MM uses relevant terminology for HE
(requirement R2). The comments received enabled us to refine the concepts that were not
easily understood by HE practitioners (including business users and the technical team).
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Overall, the MM was considered complete and adequate for the needs of HEIs. From
a practitioner’s point of view, there are no redundant dimensions or missing components.
The forward-thinking approach captured by requirement R4, focusing on new analytical
products, was proven valid. In a period as turbulent as the COVID-19 pandemic, universi-
ties responded with agility, and digital transformation accelerated remarkably. Universities
developed new products using analytical models where real-time information became
crucial for making decisions to benefit the health of the campus community. Finally, the
model was designed systematically using a research methodology, with two design and
feedback iterations, thus fulfilling requirement R5.

The next step for this study is two-fold. Firstly, it is planned to roll out the MM to
the EUNIS BI SIG community and facilitate their self-assessment of the BIA initiatives.
A survey on the maturity level of BIA systems in European HEIs can now be performed
based on the HE-BIA MM. The result from such a study will enable to benchmark with
some level of certainty the levels of BIA development in European HEIs. This is a highly
anticipated result for the EUNIS BI SIG members. The model and the result from such
regional assessment could provide the governing body with useful knowledge to address
the design of policies and continual improvement strategies at a regional level. Additionally,
the dissemination of the final version of the MM within the EUNIS BI SIG will enable us
to overcome a limitation of this study, which is the limited number of case studies (three).
Increasing the number of case studies showcasing the diversity of HEIs in Europe will
certainly be an important aspect from a research standpoint.

Secondly, as the MM was well received by the community, considerable interests
were raised among the practitioners for “actionable insights” in the form of guidelines
for road mapping. Hence, the next steps will include the design of appropriate and
accessible instruments to facilitate strategic road mapping of BIA development in higher
education. Such instruments may include inspirational use cases documenting good
practices regarding the maturity dimensions (e.g., User groups—using BIA for students and
faculty; and Advanced analytics—using real-time BIA applications).

Finally, the maturity of BIA is also connected to the larger area of digital maturity,
as illustrated in [59]. In [60], the authors proposed an integrated digital transformation
model applied to universities where BIA is one of the 17 components. In this paper, we
zoomed in and focused on the improvement of BIA. Our experience with the universities
in our cases showed that such a focused and domain-specific model fostered a more precise
description and communication during gap analysis, as the terms, situations, and systems
were relatable to their daily work situation. In the future, it will be interesting to see if the
BIA maturity model can be extended to provide a HEI with a more comprehensive view of
its standing on the digital transformation landscape.
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Appendix A

Table A1l. HE-BIA MM v2.0: definition of dimensions of the Technology part.

Dimension

Definition

Data variety

How extensive is the variety of data used in analytics (from the
point of view of data sources)?

Data velocity

How extensive is the velocity of data used in analytics (the speed at
which analysts can access and leverage the data needs to match the
speed at which it’s created)? This dimension refers to the real
consumption of existing data for analysis purposes by the

BIA users.

Traditional data products

Development and utilization of reports, dashboards, scorecards,
OLAP (online analytical processing), and data visualization
technologies to display output information in a format readily
understood by its users, e.g., managers and other key
decision-makers.

Advanced analytics

Development and utilization of sophisticated statistical and data
mining/machine learning software to explore data and identify
useful correlations, patterns, and trends and extrapolate them to
predict what is likely to occur in the future.

Architecture

How advanced is the BIA architecture?

Technical integration

Techniques and best practices that repurpose data by transforming
it as it is moved. ETL (extract, transform, and load) is the most
common form of data integration found in data warehousing.

IT infrastructure

How well does the university’s IT infrastructure support the

deployment of BIA solutions? The rationale is that if this element is
absent or insufficient, it hampers the development of BIA solutions.
For example, lack of possibility or flexibility in accessing the needed
infrastructure for testing and deployment of new BIA products has a
tendency to either slow down the BIA projects or entail workarounds.

Table A2. HE-BIA MM v2.0: definition of dimensions of the Organization part.

Dimension

Definition

BIA strategy

Defining and managing the vision and strategy of the BIA
solution and how it supports the university’s strategy. Examples
of strategies include being more predictive, aligning BIA with the
“business” /academic stakeholders, and researching new
opportunities experimenting with new technologies and
methodologies to drive the campus of the future (given the new
data sources, technologies, and analysis methods

currently available).

Academic analytics support

Academic analytics refers to applying data analytics to
aggregated levels (programs, departments/faculties, the
institution, the national level) in order to provide input for
policymaking (either internally or externality at national and/or
EU level). This dimension describes the effective value of the BIA
solution in supporting academic analytics.

Sponsorship

Level of sponsorship of the BIA solution; includes senior
leadership support and responsibility. Important to secure
adequate resources (e.g., funding, HR, organizational structure)
and to set out the vision and strategy of the BIA solution.
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Table A2. Cont.

Dimension

Definition

Data governance

Level of adherence to data governance practices and
methodologies, i.e., the effective application of principles, policies,
use of data standards (for how data is modeled and exchanged),
roles, responsibility, and operational processes definition for data
management across the organization, ensuring the quality and the
accuracy of the data in the BIA solution.

Change management

Ability to manage changes within the context of the BIA solution
in terms of user requests, architecture, skills, user experience, etc.
Any issue that impacts the schedule, budget or scope of any
product/service of the BIA solution should be considered

a change

Process coverage

How wide does the BIA solution give support to the university
process areas? Specifically: (a) how many of the key business
process areas are impacted: Financial, Academic, Research, and
Human Resources; (b) and how many of the supporting or
secondary business processes areas are impacted (e.g., IT, logistics,
facility management). The key business processes correspond to
the most common areas of usage of BIA in universities and not the
traditional value-driven key processes of the value chain model.

User groups

Type of users that have access to the BIA solution (i.e., accessing
users). Users are typically grouped into four structural groups:
(1) Leadership: university top-level management/Rectory,
school/faculty level management, central university services,
local school/faculty services management; (2) Administrative
staff: from central university services, local school/faculty
services (or offices); (3) Faculty: professors, researchers; and

(4) Students: current, alumni.

System usage

This dimension measures the effective usage of the BIA solution,
determining the number of active users, considering the four user
groups. The definition of an active user needs to be clarified for
each organization (as an example, “active” entails at least one
interaction with the BIA solution per month).

User capabilities

Profile of users in terms of BIA proficiency and data
analysis literacy.

Analytical and
decision-making culture

Includes the promotion of data-driven decision support and
analytical culture across the university, i.e., how BIA contributes
to decisions made throughout the university.

Training

Competence improvement of the different sets of users. Users of
the DW/BI system must be educated on data content, BIA
applications, and ad hoc data access tool capabilities (if needed).
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Traditional Data

deployed.

Only static and parameter-driven reports

monthly basis.

Business intelligence

basis.

Enterprise-wide definitions are in place

Data variety There is no BIA solution currently The BIA platform supports structured data | The BIA platform supports structured and The BIA platform supports all kinds of data including | The data platform supports all kinds of data both
deployed. only. semistructured data (e.g. XML and JSON). unstructured data such as documents, images, etc. |intemal and extemal data, with minimal operational
overhead.
Data velocity There is no BIA solution currently New data is available for analysis on a New data is available for analysis on a weekly |New data is available for analysis on a daily basis. |Data is available for analysis in real time as it

Organizations have broad user access to Bl using

becomes available.

O izations have ed ir and

Architecture

Spreadmarts

(Spreadmarts are spreadsheets or
desktop databases that function as
surrogate data marts. Each

contains a unique set of data, metrics
and rules that do not align with other
spreadmarts, management

reports or analytical systems.)

typically performed one-off.

Multiple local (non-integrated) data marts
(A data mart is a shared, analytic structure
that generally supports a single application
area, busi p or dep it.)

modeling capabilities mostly through manual
calculation and forecasting. Basic batch

products are available. tools are in place for enterprise reporting. |for key business metrics. Power users embedded dashboards within key applications and |streaming Bl dashboards for enterprise-wide KPls.
Ad-hoc reporting and OLAP are create reports from multiple sources. mobile Bl. Users can perform ad hoc analyses and |Business users are enabled to use Bl tools to
supported. visualizations. Well- customize their view of the state of business and
defined data dictionaries and data govemance identify opportunities and risks through user-
policies are established. defined, custom alerts.
Advanced analytics Currently not applicable. Limited ability for statistical modeling, Limited use of predictive and/or Predictive models have been developed for multiple |Predictive models are based on real-time data

purposes such as student retention analysis and
predictive maintenance for equipment.

predictive models have begun to

The organization has a centralized data
warehouse in place, typically for structured data
only.

[e] izations begin to develop prescriptive models
that generate recommended actions for users based
on analysis of data.

The organization has a centralized data warehouse
but is also investigating adding another platform to
the centralized warehouse to analyze semi- and/or
unstructured source data.

streams and update dynamically (e.g., real-time
campus space occupancy). Models are deployed
within key business applications to support real-
time operational decision making and personalized
recommendations.

Data scientists have the ability tobuild, refine, and
select the best model after having run multiple

in parallel.

The organization has a comprehensive enterprise
data warehouse, and also leverages newer
technology such as commercial Hadoop and

P NoSQL datab New data

are easily prepared and integrated into the
enterprise DW.

er

Technical integration

Simple ETL with no standards that just
extracts and loads data into the DW, with
simple tranformations.

Standardized ETL across different data

Advanced ETL, i.e., including most of the ETL

WEGE,

marts (e.g., conf d di ions and
facts).

Y

A standardized data quality system is in place. Initial
steps are taken towards an extended DW
environment through the use of data virtualization

Optimized ETL for right-time DW with all the
standards defined (near real-time if appropriate).
Data vit 1 is employed to extend DW into a

modem analytical ecosystem.

IT infrastructure

There is no need for IT infrastruture
support due to the absense of a BIA
solution.

Sufficient IT infrastructure support is given
to sporadic BIA pilot projects. Accessibility
and flexibility are key requirements to
enable the timely development of BIA
pilots.

IT infrastructure supports the deployment of BIA
initial products (e.g., data marts), ensuring the
security and reliability so that BIA products
comply to the standards of the university's IT
service management (e.g., SLA- service level
agreements).

IT infrastructure supports the deployment of all
spectrum of BIA products (e.g., DW/data marts and
Al/machine leaming) enabling their timely scalability
whenever required.

IT infrastructure fully supports the deployment of
all current and future BIA products, ensuring all
requirements of flexibility, security, reliability and
scalability of BIA products in a cost-effective
manner.

Figure A1l. The HE-BIA maturity model v.2.0: technology part.
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ORG part

BIA strategy

There is no BIA strategy defined in the
university to support financial, teaching or
research related analytical aspects.

Only local and sporadic BIA strategies are
defined (i.e., for faculties, departments, or
services/offices).

The local strategies are partially aligned or
not aligned with the university (corporate)
strategy.

2022. Elsa Cardoso and Xiaomeng Su. This work is licensed under the Creative Commons

The BIA strategy is defined at the university
(corporate) level and is aligned with the strategy
of different faculties and departments of the
university.

There is a clear vision for the use of advanced
analytics in key areas of the university.

NoDerivates 4.0

License.

The full strategic loop is complete, from planning,
executing, monitoring and improvement of the BIA
strategy - fully aligned with university goals to
improve key focus areas (such as research,
teaching, innovation).

Academic Analytics
support

Sponsorship

There is no BIA solution cumrently
deployed.

There is no sponsorship of the BIA
solution.

Inititial data products are developed,
however, the BIA solution is not yet
connected with any official performance
management reports.

Initial data products are developed with
the ownership and support of local areas
(e.g., departments, admistrative offices)
from the technical side, but there is no
business sponsor from the university (i.e.,
an influential leader).

The support of the BIA solution to performance
management is limited to anual ic year

The BIA solution ports university perf

The BIA soll

mar with data at different izational

reports and linked with traditional reporting and
statistics from Institutional Research offices.

A business sponsor is apppointed at the
university level (typically at the Rectory level) to
coordinate all the BIA efforts at the university. A
BIA director (program manager) is appointed to
oversee all ongoing BIA projects, although still
working part time for the BIA solution.

supports university performance

levels (university, faculties, departments,
services/offices) and is used for operational decision-
making with KPl measurement (and drill-down
capabilities) leading to quality improvement in key
business processes, the creation of new products
(e.g., program management), and/or the
identification of new ct (e.g., ing

1t with data at different organizational
levels (university, faculties, departments, services)
and is used for near real-time operational decision-
making with KPI measurement (and drill-down
capabilities).

The BIA solution also supports strategic decision
making, enabling management and monotoring of

campaings for student recruitment).

As the BIA solution evolves into a strategic asset for
the organization, the level of sponsorship increases,
with university leadership involved and working in
close collaboration with the business sponsor and
the BIA director (which now works full time for the
BIA solution).

the uni ity's tegic goals (e.g., using a

Yy

balanced scorecard).

The highest level of sponsorship is the creation of
a new dedicated unit/office to manage the BIA
solution. This unit is typically called a BICC
(Business Intelligence Competence Center) with a
cross-functional team, integrating both IT and
"business"/university members. The BICC is
responsible for defining the BIA vision and
strategy, securing and controlling funding,
developing user skills, establishing standards, and
building the technological blueprint for BIA
implementation.

Data governance

There is no awareness of the need to
establish data govemance policies and
metodologies.

There are no automatic controls on the
data quality; no metadata and no

preferred data standards in use. Local
projects establish their own data

ol

Initial policies and metodologies for data
management start to be defined. Quality
controls are enforced on less than 40% of data;
metadata exists only for some data sources; no
ferred data standards but are moving that

it p
of conflict are managed reactively and on
case by case.

way. Initial definition of roles and responsibilities
(e.g., sp user groups, etc).
Awareness of the need to appoint a data

to drive the izational it
on definitions, business rules, and to solve
possible data conflicts between BIA projects.

Data mar 1t policies and dologies are
defined and stable. A data steward is appointed.
Quality controls are enforced on more or less 80% of
data; metadata exists for more than half of the data
sources; and data standards are fully defined.

Data management policies and methodologies are
fully defined and there is an explicit accountability
of the BIA solution. Quality controls are enforced
on all managed data; metadata for all the
managed data; and data standards are in place.
Developing new data products integrated into the
BIA solution is now easier due to the clear data
govemance polices and methodologies.

Change management

There is no change management
mechanism in place for the BIA

There is the awereness of the need to
BIA ch o} h a proper

mechanism is not yet defined at the
institutional level.

An initial change it is set

in place (e.g., a change control log). Changes
are partially documented.

A dardized change it ism is
deployed and used by the BIA team. Changes are
fully documented.

Changes are fully documented and communicated
to properly adjust user expectations.
Communication with stakeholders is also well
managed, both with intemal stakeholders (different
user groups) as well as extemal stakeholders
(national accreditation agencies, national Higher
Education ministries, vendors, consultants, etc)

Figure A2. The HE-BIA maturity model v.2.0: organization part.



Appl. Sci. 2022, 12, 4625

24 of 27

Process coverage

User groups

The BIA solution does not formally
support any of the key business process
areas, nor any of the university's
supporting business processes.

There is no BIA solution cumrently
deployed explicitly addressing the data
needs from any of the 4 user groups.

Initial data products are deployed
supporting 1 key or supporting business
process areas of the university.

User group access to the BIA solution:
- Less than 25% of leadership

Data products are deployed supporting 1 or 2
key business process areas of the university.
The BIA solution supports 0 or 1 supporting
business process areas.

User group access to the BIA solution:

Data products are deployed supporting 3 key
business process areas of the university.
The BIA solution supports 0 or 1 supporting
business process areas.

User group access to the BIA solution:

- Between 25% and 50% of leadership

- Less than 10% of admini staff

- 1 10% and 25% of administrative staff

Awareness of the need for faculty and students
user groups begin to have access to the BIA
solution.

- B 1 50% and 75% of leadership
- Between 25% and 50% of administrative staff
- Less than 10% of faculty and students

Data products are deployed supporting all key
business process areas of the university.
The BIA solution supports 1, 2 or more supporting
business process areas.

User group access to the BIA solution:

- More than 75% of leadership

- More than 50% of administrative staff

- More than 25% of faculty and students

System usage

The BIA solution does not trace user
access.

User access is traced. From each of the 4
user groups that have access to the BIA
solution:

- less than 25% of leadership

- less than 25% of administrative staff
are active users.

From each group of users that have access to
the BIA solution:
-between 25% and 50% of leadership

- between 25% and 50% of admini: staff

From each group of users that have access to the
BIA solution:

- between 50% and 75% of leadership

- between 50% and 75% of administrative staff

are active users.

- less than 25% of faculty and students
are active users.

From each group of users that have access to the
BIA solution:

- more than 75% of leadership

- more than 75% of administrative staff

- more than 25% of faculty and students

are active users.

User capabilities

Users (from all user groups) do not
possess BIA expettise, i.e., are not
capable of analyzing and interpreting
reports.

Initial proficiency level: reading and
understanding.

Administrative staff are able to interpret
static reports.

Leadership users may also be able to
interpret static reports.

Average proficiency level: understanding and
initial experiments with self-service BI.
Administrative staff have the competence to
manage dynamic reports (specifically those with
a technical background).

Leadership users are able to interpret static
reports.

‘Good proficiency level. Self-service Bl enables users
to build their own analysis.

Administrative staff have the competence to
manage sophisticated reports and perform "pull”
analysis. Leadership users have the competence to
manage dynamic reports.

Other type of users (faculty or students, or general
public) may also be able to interpret static reports.

Very good proficiency level. Complete self-service
Bl and initial experiments with advanced analytics.
Administrative staff have the competence to
experiment with advanced analytics.

Leadership users have the competence to
manage sophisticated reports.

Other type of users (faculty or students, or general
public) are able to interpret static reports.

Analytical and decision-
making culture

There is no awareness of the need to
promote a data-driven decision making
and analytical culture in the university.

The ity begins to er an analytical
thinking and BIA solution is used to support
decision making with data at some
organizational levels (including faculties,
departments, and services). Leadership users
actively use the BIA solution to make decisions.

The university encourages an insight-driven culture
and provide its members with an appropriate
environment for the proliferation of this culture. The
BIA solution is used to support decision making with
data at all organizational levels.

Leadership and administrative users can explore the
data and make decisions with a data-driven culture.

The BIA solution is used to support decision
making with data at all organizational levels, and
to produce insights in real time. Users use the BIA
solution and these real time insights and act on
them on a timely manner.

Faculty and students begin to have a data-driven
culture.

Training

There are no training programs nor the

There is the awareness of the need to

awareness of the need to
training to improve the BIA competences
of users.

blish a ic training program to

educate users.

The BIA training programs are mainly focused
on highlighting the importance and benefits of
the BIA.

There are ad hoc BIA training programs focusing on
specific issues. Specifically, users are educated
about self-service BI.

There is a continuous BIA training program
schedule in place. BIA training programs are
designed to create more autonomous users, and
power users that further contribute to improve
competencies of the other users.

Figure A3. The HE-BIA maturity model v.2.0: organization part (continued).
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