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Abstract—This paper focuses on research related to the difficulties intro-
duced by academic resources management in institutions of Higher Education
and specifically in the Fundacion Universitaria de Popayan, a private university,
where the planning of academic scenarios is performed manually at the beginning
of each academic period for an average of 1,776 subjects and suitable location
for an average of 8,000 students, which leads to determine the importance of con-
sidering a software architecture that theoretically supports software development,
physically and logically, allowing development in a successful and reliable way
that reduces errors, costs, and time in the results, specifically for the case study
at the Fundacién Universitaria de Popayan. Therefore, the research has made it
possible to find the need for an architectural vision and a base for the effective
development of software, supported by the different views of authors with years
of research on the subject. The research itself is supported by the agile design
thinking methodology, the basis for meeting the needs of the end user, and where
the quality attributes workshop method is included in the prototyping phase,
which guarantees to involve stakeholders in advance for the control of quality
attributes in the project. This article shows the flaws that arise in the academic
scenario management process and the importance of establishing, from the archi-
tecture and agile methodology, a process that remedies the difficulties of the pro-
cess performed.

Keywords—Educational setting, software architecture, resource planning, edu-
cational management
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1 Introduction

Fundacion Universitaria de Popayan (FUP) is a private Higher Education institution,
since its creation in 1982. It has promoted the training of competent professionals com-
mitted to the development of the region. To achieve this, it has focused its efforts on
the continuous improvement in its administrative and academic processes.

Since 2006, the FUP began to show a vertiginous growth of students, teachers, and
administrative staff, starting from 531 students to more than 8,000 students until now,
who belong to the undergraduate, postgraduate, and virtual programs, and starting from
as less as 60 employees and to reaching to more than 800 teaching and administrative
staff. Additionally, 14 years ago the institution had two offices, one in the historic sector
of the city of Popayan Cauca and another situated 8 km south of the city in the rural
area of Timbio Cauca, where the main campus is situated.

The increase in students, as shown in Figure 1, requires the institution’s attention to
the physical infrastructure to guarantee the attention of the student staff, as well as the
teaching staff. As of today, FUP has nine locations, seven in the city of Popayan Cauca,
one 8 km south, near the rural area of Timbio Cauca Municipality, and one in the San-
tander de Quilichao Cauca Municipality.
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Fig. 1. History of students enrolled in the Fundacion Universitaria de Popayan
Source: Own elaboration

Due to this, it became evident from the past that there is an urgent need to guarantee
that the spaces for the normal development of academic activities are planned in an
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efficient way; however, in each period, the timely distribution at the beginning of each
semester becomes more complex. [1].

The Colombian Technical Standard NTC 4595, reads in one of its paragraphs: The
regulations on facilities also include the most recent legal provisions on earthquake
resistance and accessibility, which are related to the students’ safety and the particular
conditions of the people with limitations. [2].

The difference in the number of students per program demands the need of space
and capacity for them, which is specific for each study plan; therefore, it is necessary
to rotate groups of students by venues according to the capacity of the classrooms.
Hence, the National Accreditation Council (CNA, by its acronym in Spanish) in its
guidelines for the accreditation of undergraduate programs defines factor No. 2 in its
characteristic No. 5, Admitted students and institutional capacity: The number of stu-
dents entering the program is compatible with the capacities that the institution and the
program have to ensure those admitted possess the necessary conditions to advance
their studies until their completion, and this is how it evaluates the Institutional Policies
for the definition of the number of Students admitted to the Program, in accordance
with the available faculty members, physical resources and academic support. [3].

Parallel to institutional growth, the manual planning and the process for assigning
spaces for the academic activities becomes more complex; initially performed on plan-
ner calendar-style paper sheets, as shown in Figure 2, where each subject is recorded
every day in classrooms, with its respective teacher, according to the requirements of
class schedules by program. There is an average of 55 subjects per academic program,
for 13 academic programs, when a single group is planned; however, for large programs
(that plan double or triple groups), the registration becomes more expensive, since the
subjects are doubled or tripled.

:::::

Fig. 2. Sheet for manual registration of classrooms. File transcript

As of 2012, a planner-type format is designed in a spreadsheet (Figure 3), with the
difference that it is completed directly on the computer, facilitating copying and pasting
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in the case of the same subjects. For the rest, the process remains manual; a spreadsheet
is filled in to automatically generate the information in another one.

In the spreadsheet filling process, one person per program intervenes, generally the
program subprincipal, who requests the space taking into account the demand of stu-
dents and their characteristics (students with limitations, right-handed students, left-
handed students, practical class, and theoretical class, among others). If the space with
the required characteristics is not available, he/she must change or shift subjects and/or
teachers in the class schedule so as to match the suitable availability; a situation that
delays and makes the process even more difficult.

Itis clear that FUP presents a deficiency in the spaces assignment process that averts
accelerate and makes the planning phase more efficient in terms of projection thereof,
according to the requirement of the academic community; this without considering that
the process is error prone.

What has been described shows that the process of planning spaces for classrooms
demands an average of 15 days and sometimes more time by the staff involved, and it
is becoming increasingly complex given the continuous growth of the institution.

UNIVERSITY FOUNDATION OF POPAYAN 5]
GENERAL ACADEMIC COORDINATION y
DISTRIBUTION OF SPACES
FIRST ACADEMIC PERIOD 2019

CLASSROOM| §C202 HEADCUARTERS SAN CAMILO CAPACITY 50 2/02/2019

TIvE MONDAY TUESDAY. WEDNESDAY THURSDAY FRIDAY TIvE SATURDAY
—— Tocic MATHEMATICAL LOGIC PROFESS. ELECTIVEIV
7:00 - 8:00 PSYCHOLOGY(I) 61 7:00 - 7:50 PSYCHOLOGY (IX)

e YemniferCollazos Dianaranco Dianafranco GlenysRuiz
NEUROANATOMY. EPISTEMOLOGY | MATHEMATICALLOGIC | HISTORY ANDFOUND. | MATHEMATICAL LOGIC PROFESS. ELECTIVEIV
800-9:00 750-840 | psvcHoLoay (x)
Fernando Mina YenniferCollazos Alejandra Cerbn DianaFranco GlenysRuiz
NEUROANATOMY PROYECTODEVIDA FISTORY AND FOUND. EPISTEMOLOGY PROFESS. ELECTIVEIV
9:00 - 10:00 P 1 P 1 8:40 - 9:30 PSYCHOLOGY (IX)
Fausto Villamil YemniferCollazos GlenysRuiz
NEUROANATOMY PROVECTODEVIDA | SOCIOHUM ELECTIVET EPISTEMOLOGY EPISTEMOLOGY PROFESS. ELECTIVEIV
10:00 - 11:00| 9:30 - 10:20 PSYCHOLOGY (IX)
Wénica Bastdas Fausto Villamil Yemifer Collzzos YemniferCollazos GlenysRuiz
FISTORY AND FOUND. | PROYECTODEVIDA | SOCIOHUM. ELECTIVET EPISTEMOLOGY
11:00- 12:00 1020- 11:10
Alejandra Cerbn i Fausto Villamil Yennifer Collszos
FISTORY AND FOUND.
12:00 - 1:00 PSYCHOLOGY(I) G1 11:10 - 12:00|
SOCIOHUM_ ELECTIVET | PROVECTODEVIDA | MATHEMATICA LOGIC DRAFTDEGREE
1:00 - 2:00 PSYCHOLOGY(1) G3 PSYCHOLOGY(I) G3 PSYCHOLOGY(1) 63 1:00 - 1:50 PSYCHOLOGY (IX)
Andrés Torres 6 DianaFranco P
Y w051 ORAFTDEGREE
200-300 150-240 | psvcHotoay (x)
Alejandra eran Walter iménez Andrés Torres Ménica Bastidas DianaFranco AdrianaFernindez
FISTORY AND FOUND. NEUROANATOMY | SOCIOHUM. ELECTIVET | PROYECTODEVIDA EPISTEMOLOGY DRAFTDEGREE
300-400 |  psvcHoLoaYGs 3 240-330 | psvaroLooy (%)
Alejandra erbn Walterliménez Andrés Torres Ménica Bastdas Yennifer Collazos AdrianaFernindex
FISTORY AND FOUND. NEUROANATOMY | MATHEMATICALLOGIC | EPISTEMOLOGY EPISTEMOLOGY DRAFTDEGREE
400-500 | psvchoLoviyGa PSYCHOLOGY()G3 PSYCHOLOGY()G3 PSYCHOLOGY()G3 PSYCHOLOGY()G3 | 3:30-420 | psvcHoLOGY ()
o ! Dianaranco Yemnifer Collazos P
X Lo6ic
500- 600 420-5:10
5 jim Dianafranco Yemnifer Collzzos
5:10- 600
WATHEMATICALLOGIC | MATHEATICALLOGIC | PROYECTODEVIDA NEUROANATOMY | SOCIOUM ELECTIVE
600-650 | e PSYCHOLOGY()GS PSYCHOLOGY()G5 | 6:00- 6:50
o . Fautso Villamit
PROYECTODEVIDA NEUROANATOMY | SOCIOHUM. ELECTIVET
6:50-7:40 650-7:40
DianaFranco Ménica Bastidas Walter iménez " i
NEUROANATOMY EPISTEMOLOGY PROVECTODEVIDA EPISTEMOLOGY SOCIOHUM. ELECTIVE
740-830 740-830
Walter imenez Yenniter Collazos Ménica Basidas Yenniter Collazos Fautso Villamit
NEUROANATOMY EPISTEMOLOGY: HISTORY AND FOUND. EPISTEMOLOGY HISTORY AND FOUND.
830-920 | PSYCHOLOGY()GS PSYCHOLOGY()G5 | 8:30-8:20
nifer ollazos 3 r Collaros >
HISTORY AND FOUND. HISTORY AND FOUND.
9:20-10:10 PSYCHOLOGY(1) G5 PSYCHOLOGY(I) G5 9:20 - 10:10
cGA20191
‘OCCUPATION
DAY NIGHT
HOURS | PERCENTAGE HOURS PERCENTAGE
OCCUPIED 54 | 81% 22 | 73%
AVAILABLE 13 | 19% 8 | 2%

Fig. 3. Template for space allocation
Source: Frame taken directly from Institutional Excel spreadsheet. 2019.

iJET — Vol. 16, No. 08, 2021 135



This article presents the stages in which the research was performed, starting with
the software architecture [4], the design thinking [5] methodology phases used, and the
conclusions of the research.

2 Materials and Methods

2.1  Software architecture

Since the emergence of terminology associated with software architecture (SA) in
the 1960s, and its consolidation and dissemination in the 1990s, SA has been a key
element in software development, because it understands the way in which applications
or designs are built, both in their physical and logical aspects; therefore, it is considered
a fundamental stage in the construction of the software and describes the way in which
a system is structured and the satisfaction capacity based on the needs of the end user
[6].

The importance of architecture lies in the fact that it is a look at the system as a whole
with its main components, the behaviour of those components, and the way they interact
and coordinate to achieve the mission of the system. The architectural view is an ab-
stract view, providing the highest level of understanding and the suppression or deferral
of detail, inherent in most abstractions.

The SA has several models, namely: Stages in engineering and object-oriented de-
sign [7], structural models, pattern-based architecture [8], process architecture, sce-
nario-based architecture, dynamic models, process models, architectural patterns[9],
event-driven architecture, and the data access object pattern.

The architecture oriented to customer services (service-oriented architecture SOA
[10]) is a concept of SA where the software consists of a set of services, features, and
rules, and it is the business requirements that dictate the way in which they interrelate.
It is designed so that the system is highly scalable and flexible to new architecture re-
quirements. Due to the dynamics of the academic scenario planning process, it adapts
itself to the needs, as shown in Figure 4.

2.2 Design thinking methodology

The “thinking about design” methodology [11], as should in Figure 5, allows the
actors engaged in the problem to be involved in the whole process, avoiding improvi-
sation in the expected results and, thus, guaranteeing a higher percentage of success in
the project result.
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Fig. 4. Architecture-planning academic scenarios.

Fig. 5. Design thinking method

This methodology focuses on innovation, which generates greater value in products
and services, and due to its application, solutions are generated that otherwise might
not have been implemented, allowing developers to “put themselves in the shoes” of
their customers or users, unlike the traditional process that focuses on the product to
define the experience, a methodology in which everything revolves around the user
experience, fundamental to achieve an efficient solution.

Considering the above, the methodology allowed to effectively learn/understand the
users’ reactions when interacting with the process, the basis for knowing more about
the solution, which allowed creating new paradigms based on critical thinking and cre-
ativity.

A key point of the methodology is that it allows us to focus on reality, to understand
the consumer’s needs, to ask questions whose answers will be the solutions that the user
requires, and exposing a work team to accelerated but consistent rhythms, leading to
results in the short term and viable solutions.

The selected methodology allows achieving successful solutions, as it is a collective
creation where the contribution of each professional is important for the construction
of the final idea; this forces us to feel the needs of the consumer, hence, the generation
of prototypes under the dynamics of trial and error allows each version to be better than
the previous versions.

In Figure 6, the mental map extracted from the description of the process is displayed
and a high number of variables are identified to be considered by the person in charge
of guaranteeing an optimal management of resources.
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2.3 Quality attributes workshop method

The quality attributes workshop (QAW) method is included in the prototyping phase
of the agile methodology [12] (see Figure 7) to involve the stakeholders from the be-
ginning of the development project and in a way identify the quality attributes. Its exe-
cution implies a coordinator and the stakeholders.

Fig. 6. Academic scenario management mental map

Fig. 7. QAW Method Linkage in design thinking methodology

3 Results and Discussion

3.1 Differences between architecture and design

The SA community states that architecture is significantly opposed to design, alt-
hough some authors such as Taylor and Medvidovic [13] indicate that current philoso-
phy preserves the articulation between these fields in a state of diverse interpretation,
preserving the following different viewpoints:

1. The one that maintains the view that architecture and design are the same
2. Architecture at a level of abstraction that goes beyond design
3. Architecture as something new that to some extent differs from design.
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These same authors consider that the architecture abstraction level that exceeds de-
sign is the closest to reality and that to some extent the two of them lead to the same
purpose.

It is clear that organizations are already aware that the extra cost of software devel-
opment requires a control intervention and that many of the benefits offered by the
methodologies have not been evidenced. However, architecture is conceived as some-
thing more articulated than the sum of analysis and design separately. SA is the first
step in the production of a software design in a sequence that distinguishes three steps:

1. Architecture: It relates the capabilities of the system expressed in the requirement
with the components of the system that will implement it.

2. Code design: It contemplates the phase from algorithms and data structures and
understands its components in this primitive from the programming language. It
contemplates the phase from the algorithms and the data structures and under-
stands its components in this primitive form from the programming language [14].

3. Executable design: A lower level of detail related to code design that addresses
situations such as memory allocation and data formats.

3.2  Software architecture relevance

The SA has become important because it reduces costs, avoids errors, and has im-
plemented mission critical systems. In summary and according to expert opinions, the
virtues of SA are:

1. Mutual communication: Referring to the representation of a considerable level of
common abstraction that, if not all participants, are able to use as a support to reach
mutual understanding, teamwork, and effective communication with each other.

2. Early design decisions: SA as the virtue of the earliest final design determination
on a system.

3. Constructive constraints: Representation of how the partial plans for development
will be distributed, identifying the components and the dependencies between
them.

4. Reuse or transferable abstraction of a system: SA represents a significantly small
archetype from the point of view in which a system is organized and its compo-
nents are articulated among themselves.

5. Evolution: The SA can measure the evolution of the system.

6. Analysis: From the point of view of verifying the consistency of the system, the
architectural process generates new opportunities for analysis, highlighting com-
pliance with quality attributes, compliance with the conditions required by a style,
dependency analysis and domain, and business specific analysis.

7. Administration: Success stories show that project success lies in a viable architec-
ture, which is key to the industrial development process.

The SA is, by all accounts, still in a formative stage. Its theorists are not yet in a
position to assure (as the Three Amigos did).
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Once the architectures have been analysed, based on the project where it will be
applied, it is determined that the service-oriented architecture (SOA) adjusts to the
needs of software development for classroom management [15]; the architecture is ap-
proached from the architecture method proposed by the SEI, based on QAW, from the
point of view of the early involvement of stakeholders in the project, from which a
higher quality is guaranteed in the process.

Regarding the design thinking methodology, it is of great importance to consider that
the tool focuses on innovation, which generates greater value in products and services,
and due to its application, solutions are generated that otherwise might not have been
implemented, allowing developers to “put themselves in other’s shoes” of their custom-
ers or users, unlike the traditional process that focuses on the product to define the ex-
perience. In design thinking, the methodology revolves around the user experience,
which is essential to achieve an efficient solution.

This means that the methodology allows to efficiently learn/understand user, inter-
pret their reactions when interacting with the prototype, and the basis for knowing more
about the product or the solution, hence, creating new paradigms based on critical think-
ing and creativity. A key point of the methodology is that it allows to focus on reality,
to feel the consumer’s needs, to ask questions whose answers would be the same as
those asked by the user, subjecting a team to accelerated rates, and leading to short-
term results and viable solutions, which allowed to lead to success, as it is a collective
creation where the contribution of each professional is important for the construction
of the final idea. This led to understanding the needs of the user, which no other method
did; hence, the generation of prototypes under trial/error dynamics allowed each version
to be better than the previous version.

The first phase of the methodology was approached from the challenge of under-
standing the needs of students, teachers, some administrative staff, and specifically the
person in charge of the space planning. Additionally, it allowed us to understand prob-
lems, such as the needs of the academic programs, the needs of adequate spaces to the
demand of students, special population characteristics of the population, needs of the
students and/or teachers, given the fact that the campus are located in old construction
sites, they lack an elevator or escalator to access the second floor, and theoretical or
practical classes, in general terms the context where the problem occurs. With partici-
pation in the process, it was evidenced that the dedication time for the management of
academic scenarios in accordance with the requirements of the academic programs took
longer than it should imply; the process has its beginning in contemplating the demand
of students in the different subjects to later organize the academic schedules and activ-
ities that demand time and that are the basis for starting the process of assigning aca-
demic scenarios, which does not allow starting the allocation of resources further de-
laying the assignment; this without mentioning that the academic schedules consolida-
tion culminated on the weekend prior to the academic activities start [16], which means
that the person in charge of the space distribution process has only 2 days to plan the
university resources, an amount that is described in Table 1.

The total number of subjects shown in Table 1 does not include twice as many sub-
jects that must be programmed by dividing groups by number of students; similarly, the
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opening of new postgraduate programs between periods increases the number of mod-

ules to be programmed.

Table 1. Number of programs/subjects per day

Working day Number of Programs Number of subjects
Morning 13 1083
Late 2 101
Night 10 693
Weekend 1 (undergraduate) 55
Weekend 4 (postgraduate) 47
Total 30 1979
Mathematical formulas for calculating the number of subjects:
Journeys =
Journey: £ Morning
Journey, % Late
Journeys; £ Night
Journey, %« Weekend
SubjectxJourney(Program;, Journey;) €))
TOTAL_SubjectsxJourneys = 215,-SnSubjectx]ourney(Programi,journeyj) (2)
1<j<4

Considering the above table, and taking into account the chaos that is generated by
the lack of adequate space planning for the academic activities, both for students and
teachers, in addition to the fact that the classroom capacity is uncertain, some schedules
intersect that time is wasted in trying to find available places according to the groups
characteristics; it leads us to think that the process begins with the adequate class sched-
ules organization for a correct spaces planning. The main problem is that teachers and
students cannot meet their objective in each subject due to the lack of guarantee for the
normal development of their activities. To overcome this issue, the idea of providing
an adequate SA that supports the development of a program performing the process in
an automated way arises and that each academic program has access and control of the
reservation according to their needs.

Although the project seeks quick solutions, many ways of approaching the solution
are proposed, replacing agile methodologies with traditional methodologies, conclud-
ing that agile methodologies allow organizing what is going to be performed, and trou-
bleshooting possible failures and looking for ways to prevent them. The above without
forgetting that factors such as time, scope, and cost must be taken into account; in this
sense the tools related to agile and predictive methodologies are selected [12]. How-
ever, starting from the design to arrive at an efficient solution, it guarantees that the
content is refined step by step until it ends in a solution that meets the team’s objectives,
and being ambitious, exceeds them [17].
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Based on the interest of the users, a prototype is built as a tool to learn as much as
possible from the users in the shortest possible time and, thus, adapt the final product
to solve a real problem. This makes the purpose of the investigation tangible and pro-
vides learning in a construction phase. The result is based on the system design proto-
type that would guarantee communication with users and on which the success of the
next phase of development to be executed in the short term would depend. Considering
the need to show more clearly the quality of both the process and the result, the QAW
method is involved in the prototyping phase, which guarantees to follow up on the de-
sign phase and greater effectiveness in the expected result.

The QAW method allowed higher quality in the attributes, since under the leadership
of a development project coordinator the dynamics of the stakeholders is linked and
understood, with whom the project phase begins and ends according to their needs.

Finally, the process is documented. The idea evolves and becomes the solution. A
way of introducing the tools to enhance the productivity of the actors is devised. Be-
cause it is an operational prototype, considering the isolation generated by Covid-19,
the evaluation or testing phase is performed from the perspective of three experts.

4 Conclusion

Based on the theorization of different authors about SA, it can be concluded that it
is important to start with a successful SA to guarantee the resources and time saving in
the development phase. This could be demonstrated empirically and theoretically
through on-site experiments.

Thanks to the fact that the proposed model successfully faced modifications in the
parameters and taking into account the different variables, for the case study of the FUP,
it can be seen that the applicability of a dynamic model would guarantee the adaptation
to the changes of the system.

Considering the business model of the case study, it is evident that the architecture
that best fits is SOA and it becomes a highly recommended model for Higher Education
institutions to migrate their applications to the cloud computing paradigm, because with
the help of the service security, better managed and more efficient use of resources can
be executed.

The research for this article shows that the result of a good application depends on a
good development and an accurate modelling with a good SA.

The QAW method guarantees a quality cycle in the development of the software
from the architecture; this configures an ideal environment to perform improvement of
the software development process.
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