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Abstract - This paper proposes a Model-Driven Engineering
(MDE) approach to post-Covid-19 situation in Med First
University in Morocco. We will develop a CIM (Computation
Independent Model) [1] covering the entire business of post-Covid-
19 situation using the agile BSC [2]. We have introduced agility to
deal with the uncertainties caused by the post-Covid-19 era. This
CIM model contain relevant information to facilitate the task of
the transformation to the PIM (Platform Independent Model)
level. A Computation Independent Model (CIM) is a model
defined within OMG (Object Management Group) as a primary
model. This model reflects system and software knowledge from
the business perspective. The CIM may contain business
knowledge about system organization, roles, functions, processes
and activities, documentation, constraints etc. In this paper, the
CIM must contain business requirements for our platform based
on agile BSC in the context of post-Covid-19.

Keywords - component; Balanced Scorecard; Agility; Post-COVID-
19; MDA and CIM.

I. INTRODUCTION

We live in turbulent, unpredictable times. We live in a digitally
driven world, where data and ideas move across the globe: The
digital age is changing everything. Med First University in
morocco experiences this turmoil and change all the time. The
data we are talking about are those relating to course data,
students, scientific information that changes continuously. The
challenge is huge. Faced with this observation, our university is
called upon to use agility and adaptability. If we add to this
situation the non-visibility caused by the post-Covid-19 period,
the challenges are unimaginable.

An agile university can innovate, drive transformation change,
and be flexible, whilst also maintaining a strong focus on
strategy and on the students. A useful definition of agility
comes: Agility is the ability of an organization to synchronize
the internal rate of change of the business with the rate of
change imposed by the external business environment [3].
Strategy management must become agile and adaptive with the
appropriate governance model to ensure that execution of plans
can be modified as required without leading to chaos. Our
organizations (universities) must shows a high level of agility
and adaptiveness in the strategy management process [17][18].

In this paper, the modeling of such a platform is based on:
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e The Balanced Score Card (BSC) [19] Kaplan and his
colleagues have worked on more than 300 companies over
several decades. They demonstrated how this powerful
management tool, based on a few critical parameters, steers the
company towards the creation of true value and wins its strategy
with 4 perspectives: 1) The Financial perspective: how success
is perceived by shareholders. 2) The Customer perspective: It’s
about how to complete our vision and how to see our
customers? 3) The internal perspective: To satisfy our
customers, what processes must we excel in? 4) The learning
and Growth Perspective: To achieve our vision, how must our
organization learn and improve?

e Model Driven Architecture: MDA [1] : We mainly use the
first level of MDA, i.e. the CIM level (Computation
Independent Model). In this paper, the CIM level for design of
agile BSC platform in the context of post-Covid-19.

e Agile Management [3] : The platform must be agile. By
agility, we mean especially the internal process perspective.
Internal Process need budget. Let's take the example of the
process: Passing exams. A budget is allocated to this process.
The same applies to the pedagogical process. According to [17],
budgeting is perhaps the most important task in being agile. The
uncertainties caused by post-Covid-19 have prompted our
university to manage other processes with agility, such as
taking exams and attending courses online rather than face-to-
face.

This paper is structured as follows: Section 2 presents related
work on Balanced Scorecard (BSC) and model-driven
architecture (MDA). This section details an effort to combine
MDA and BSC. In section 3, we present the concepts of agility
and BSC in the context of post-Covid-19. In section 4, we
present the MDA approach to our agile BSC platform. Finally,
we conclude with a synthesis of our paper and present our future
work.

Il. RELATED WORK

In this article, we aim to integrate two distinct fields of research,
Agile BSC and modeling via MDA (especially CIM model).
We explore the potential benefits of combining these two fields.
Both Balanced Score card and MDA have been the subject of
extensive research, with numerous studies investigating various
aspects of these disciplines. Unfortunately, studies are separate.
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In [21], the authors determine the advantages and disadvantages
of the BSC and find out the effective of practical solutions that
require; (1) the needs of translating and cascading strategy
throughout an organization channels effectively; (2) the critical
role of efficiently integrating approaches in operational
procedure; (3) The design and use of indicators and its
measurement.

In the paper [22] , the author’s use implemented BSC in Mental
Health Services (MHS) aims to inform future development of a
more comprehensive mental health—focused benchmarking
tool. A total of 17 unique BSCs were identified. A total of 434
indicators were subject to thematic analysis identifying 11 key
themes: prevalence, accessibility, services provided, clinical
outcomes, client satisfaction, client involvement, staff
motivation, staffing levels, governance and compliance,
development, and costs and revenue.

In the article [23], the study aims to describe how the
University can move from mission to vision using goals and
objectives articulated in its strategic plan 2017-2022. The study
uses a qualitative research approach. It comprises an extensive
review of relevant literature, an in-depth analysis of
documentation of the University’s strategic plan 2017-2022,
and a comprehensive discussion and face-to-face interview with
relevant executives. A BSC framework was developed as a
complementary process for the University’s strategic plan
2017-2022. In addition, a strategy map was designed based on
the BSC model. The BSC framework and strategy map can be
used to assess and monitor the University’s performance
towards achieving ‘Educational and Research Excellence’
status by translating its strategic objectives into action plans.

In the article [24] one of the aims of HEI (Higher Education
Institution) is to achieve results in terms of products and
services for the customers and other stake holders. The authors
review recent studies in top journals using the Balanced
Scorecard Framework in HEIs. The paper identifies the
relenvant perspectives for HEIs and presents its contextual
analysis. When implemented, this can be used to monitor their
performance and enable them to adjust to emerging challenges
that come as a result of implementing key strategies.

The authors [25] show that several studies with quantitative,
qualitative or theoretical approaches have been carried out,
focusing on the application of the Balanced Scorecard (BSC) in
the educational sector. However, despite the literature on the
subject, it is difficult to draw an overview of the use of the BSC
in this sector. In order to fill this gap, the paper carried out a
systematic literature review on the BSC methodology
implemented in the educational sector. The Web of Science and
Scopus databases are used as a source of article collection. A
bibliometric analysis was performed using 65 articles extracted
from these databases. The results suggest that the most
discussed topics within the study are: 1) the diversity of the
BSC in the education sector; 2) strategic management with the
BSC; 3) statistical methods to manage the BSC and 4) the
strategy map of the BSC.

In the following, we present a few articles in the MDA field. In
the article [26] the models present several levels of abstraction
such as business, task, dialog, presentation and layout models.
The proposed architecture show how several individual models
can be combined at different levels of abstraction into
heterogeneous structures, which can be used as building blocks
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in the development of Web applications. There is also others
similar articles [27][28][29] [30]. All these articles focus on
web applications in general. These articles have the advantage
of using MDA, but do not take into account the particularities
of Balanced score card framework. Additionally [31], the
authors adopted to demonstrate the tandem of the MDA and
HCI (Human Computer Interface). Based on the MDA
approach and its principles, they elaborate the Platform
Independent Model (PIM) to describe the interface’s
functionalities and not using just a simple Unified Modeling
Language (UML) diagram.

Following these articles and other intensive research, we
noticed that there are no articles combining MDA and BSC.
This lack is even clearer when it comes to agility. This
prompted us to focus on this combination

I1l. AGILITY AND BSC IN THE CONTEXT OF POST-
COVID-19

The Balanced Score Card (BSC) [2] is a tool created by Kaplan
and his colleagues. They have worked on more than 300
companies over several decades. They demonstrated how this
powerful management tool, based on a few critical parameters,
steers the company towards the creation of true value and wins
its strategy with 4 perspectives:

e The Financial perspective: how success is perceived by
shareholders

e The Customer perspective: It’s about how to complete our
vision and how to see our customers?

e The internal perspective: To satisfy our customers, what
processes must we excel in?

e The learning and Growth Perspective: To achieve our
vision, how must our organization learn and improve?

According to the language of the BSC, the quantified cause-
and-effect relationship between the indicators of the four
perspectives and the objectives ensures that the targets set are
in fact those that contribute to achieving the targets of the linked
objectives. One of the key tasks of strategy reviews (the number
of which has increased due to post-Covid-19) is to analyze the
root causes of underperformance of objectives. A strategy,
graphically translated by a strategy map [2] , is a set of
objectives that are linked to each other by cause and effect
relationships. Med First university managers can achieve
certain goals in learning and internal process agility. With this
assessment and reviews of the variety of data in the entire
strategy map, they can win this challenge of the post-Covid-19
situation.

On the other hand, agile thinking reaches back many decades
and has its roots in the lean/total quality thinking of the 1980s.
However, it gained significant traction and general acceptance
through the publication of the Agile Manifesto (PMI, 2017).
Agile software development involves rapid coding, testing and
rework to develop in an iterative manner, relying on rapid
feedback throughout the process. Strategy is not like coding. It
is not possible to divide the strategy into small sprints
(according to the logic of the SCRUM agile method [11] and to
keep changing the plan, because each block of the strategy is
interconnected to other elements. Agility refers to rapid change
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while adaptability is the ability to change in response to new
events in the real world.

Strategy must have some continuity. It cannot be constantly
reinvented [11]. Agile logic cannot be applied to the entire
management process. We can apply agility to strategy at the
level of short and medium term objectives and their
mechanisms of realization. The mission of the company is not
agile and it does not change often and may even remain the
same for a very long time. This management component of
strategy cannot be agile, and any attempt to make it so has a
serious influence on the management process. Where strategy
begins to become more agile is in the definition of short and
medium term objectives and their delivery mechanisms. In the
case of our university, the short and long term are mainly exams
and year-long courses. The university's strategy covers a four-
year period. It may not be agile, but the operational aspects are
agile. In addition, the vision includes strategic initiatives that
are defined in the medium term, which corresponds well to the
Balanced Scorecard approach. It is in the short term that the
strategy comes to life and becomes agile, without losing sight
of the long-term goals. We must be careful in applying agile
logic to all aspects of the strategy management process.
However, it is easier to apply during execution. In the post-
Covid-19 era, it is not appropriate to be rigid during the
development and deployment of a Balanced Scorecard system.
The dashboard becomes a barrier to agility and adaptability.
The annual budget is a concrete example of the rigidity of the
BSC application. The BSC needs to be constantly adaptable.
The manager must have a clear understanding of the causal
relationships between the goals of the four perspectives to
embrace the turbulence caused by post Covid-19. Agility in
BSC execution means being able to change quickly to exploit
opportunities or mitigate risks caused by post Covid-19 in order
to capture, interpret, and act on data and insights in as close to
real time as possible.

Agility and adaptability are two activities that need feedback at
all times. To achieve this, Med First university managers must
constantly update their data. This data includes student
satisfaction, faculty effort, scheduling adequacy and in general,
all indicators related to the four BSC perspectives. For example,
at the HR perspective, managers need to update data on the
health status of employees in relation to post Covid-19. At the
process perspective, managers need to check the agility of the
educational process in relation to the post Covid-19 expansion.

IV. AMODEL DRIVEN APPROACH TO AGBSC
PLATEFORM

Model Driven Architecture (MDA) is an approach to
information systems design, development and implementation
spearheaded by the OMG. It is based on the creation of source
models and transforming them to multiple levels of abstraction
until we automatically get a code. MDA separates business and
application logic from underlying platform technology. The
principle key of MDA consists in the use of models in different
phases of the development cycle of an application. Specifically,
MDA recommends the development of the CIM (Computation
Independent Model), PIM (Platform Independent Model) and
the PSM (Platform Specific Model).
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The first level of MDA is the CIM (Computation Independent
Model) presented as models used by all the stakeholders. The
second level is the PIM (Platform Independent Model) which
allows defining the models used by analysts and the software
designers to realize an independent analysis and a conception
of the developed software. The third level is the PSM (Platform
Specific Model) which is considered as models of code used by
software developers [1].

Transformations between the different levels of MDA begin
with the transformations from CIM to PIM that aim to partially
build, PIM models from CIM models. The goal is to rewrite the
information existed in the CIM models into PIM models. These
transformations are going to ensure that business information is
conveyed and respected throughout the MDA process. Then,
the transformation of PIM models to PSM models adds PIM
technical information related to a target platform [1]. CIM
(Computation Independent Model) means that this model does
not disclose any information related to the computer system.
The CIM level is presented to be representative of the real
world. In our case, the real world is the Med First University.
We are in the process of modeling all these elements relating to
Agile BSC within the framework of a CIM. In a future work,
we will model the PIM and finally generate an integrated 1T
platform that will be used by stakeholders of the university. Our
CIM model contains three UML digrams. These are activity
digram, use case diagram and sequence diagram.

The following table summarizes the components of our CIM. It
presents three columns. The first column represents the
diagram. The second represents the use of these diagrams. The
third shows how to use this component in our case: our agile
BSC platform in the post-Covid context:

TABLE |. TABLE STYLES

Components of the
CIM model

The use of the
component

How we use this
component in our case

UML Use case
diagram

It focuses on the
identification  of
functional
requirements  of
the system under
consideration.

In our case, these are the
use cases relating to the
four perspectives of the
AgBSC model.
Managing expenses is
0one use case.

It focuses on
sequential and

In our case, these are the
use cases relating to the

objects needed to
carry out the
functionality

UML Activity parallel activities four perspectives of the
. involved in each
Diagram . AgBSC model. Manage
functional .
- the team work is one
requirement of the it
activity.
system.
It depicts the
objects involved in
the scenario and | In our case, these are the
the sequence of | use cases relating to the
UML Sequence | messages four perspectives of the
Diagram exchanged AgBSC model. Manage
between the | the exams is one

sequence diagram.

In what follows, we give the example of an activity digram.
These activities are distributed across the four BSC
perspectives. The platform must integrate the agility of these
activities:
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e Actvity#1: Manage the team work of the university (HR
perspective of the BSC)

e Activity#2: Manage the courses and exams operations
(Internal process of the BSC)

e Activity#3: Monitor the students (Client perspective)

e Activity#4: Manage the expenses (Finance perspective)

Human Ressource Manager | Institut Administrator | Head of X Departement Treasury agent

Fig. 1. The activity Diagram for the BSC of the university

Now, we present the following rules for moving from the
activity diagram to the uses case diagram:

e R1: Each activity corresponding to a system functionality is
transformed into a "use case".

e R2: Every "swimlane" becomes an "actor”

e R3: Each "decision node" between two activities becomes
an "extend" relationship between two "use cases".

e R4: Each "control flow" between two activities becomes an
"include” relationship between two "use cases".

After applying the following the rules, we will have this use
case diagram:
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Fig. 2. The use case diagram relating to the diagram activity

X A

Teacher
Head of the Student
X

Department

Negociate
the Exams ————P

Date

Validate

the Date

-—

Prepare the
Exam

—

Send
the Exam

St

e

ident informed

Keep >

Pass the
Test

Evaluate the
Test

Rating <
Students

Keep the

Informed

Fig. 3. The sequence diagram corresponding to the “Manage the exams
operations” use case.

We can easily iterate to apply these transformations to different
components of the BSC. The BSC contains 4 perspectives. Each
perspective contains several activities that need to be integrated
into the activity diagram. For example, the internal process
perspective contains aspects of pedagogical production, student
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relationship management, innovation, relations with the

university's stakeholders, and so on.

V. CONCLUSION AND FUTURE WORK

We used the MDA approach to build our platform. MDA
contains three levels of models: The CIM model, the PIM
model and finally the PSM model. We focused primarily on the
CIM model. This model is very interesting because it contains
all the business requirements of our case study. This model is
the starting point for any successful platform. In our case, it is
based on tree diagrams: The activity diagram, the use case
diagram and sequence diagram. These activities cover all four
BSC perspectives.

At the platform level, these activities need to be agile, as
universities are currently experiencing turbulence due to post-
Covid-19 but also the disastrous crises our real world is
experiencing. Pedagogical processes are carried out online with
great agility. The same goes for examinations and other
university processes. The CIM model incorporates all aspects
based on UML, which is a preferred standard.

For future work, we want to use both the PIM and PSM levels.
The PIM mainly contains the class diagram. It describes the
structure of the system in terms of classes and objects. For
example, the classes in this model are the student's account
(Finance perspective), the student himself (Customer
perspective), the exam the student has to pass (Internal process
perspective) and finally, the teacher class (Human resource
perspective). The PSM model is directly linked to a specific
technological platform. For example, a need to implement our
AgBSC platefrom. The system will need to store information
regarding the student's account (Finance perspective), the
student himself (Customer perspective), the exam the student
has to pass (Internal process perspective) and finally, the
teacher class (Human resource perspective). The designer
might decide to use for this purpose an SQL database. This SQL
specific relational model is an example of a Platform-specific
model. The main idea is that it should be possible to use QVT
(Query/View/Transformations) to transform a PIM into a PSM.
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