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Abstract. Decision-making is an essential process in the lives of organizations.
While each member in an organization makes decisions, this process is partic-
ularly important for managerial positions in charge of making decisions on
resources allocation. These decisions must be based on predictions about time,
effort and/or risks involved in their tasks. Currently, this situation is exacerbated
by the complex environment surrounding the organizations, which makes them
act beyond their traditional management systems incorporating new mechanisms
such as those provided by Artificial Intelligence, leading to the development of
an Intelligent Predictive Model. In this context, this work proposes the imple-
mentation of a process to assist the Information Systems Engineer in the difficult
work of collecting, understanding, identifying and registering the necessary
information to implement an Intelligent System-based Predictive Model.
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1 Introduction

What is the most favorable option? What will the future bring us? These are questions
we ask ourselves whenever we have to make a decision [1]. For this reason, Humanity
has always sought mechanisms to make accurate predictions. Such need not only
affects individuals but also organizations. Decision-making is an essential process in
the life of organizations. While each member of an organization makes decisions, this
process is particularly important for managerial positions. Consequently, managers are
known as “decision makers” in their tasks of planning, organizing, directing and
controlling [2]. Daily, they have to decide how to allocate valuable resources based on
predictions [3] about time, effort and/or risks involved in their tasks. This situation is
exacerbated by the highly complex and hardly predictable environment of the 21%
century [4], which makes organizations act beyond their traditional management sys-
tems and incorporate new mechanisms for the “creation and enhancement of the
organization’s knowledge” such as those provided by Atrtificial Intelligence [5, 6].
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An example of these new mechanisms can be found in the area of Predictive
Models. Despite the fact that Statistical Techniques and Parametric Models have tra-
ditionally been used to generate predictions [7], in the last two decades diverse methods
associated to Machine Learning [3, 8] have been incorporated. Consequently, it is
possible to build models to find a relation between past and future situations using
available historical data. In this sense, Artificial Neural Networks [9, 10] and Bayesian
Networks [11, 12] can be mentioned as the main Intelligent Systems architectures to be
used for this kind of problems [13-15]. These Intelligent System-based Predictive
Models possess very useful features, such as generalization capacities, robustness, and
self-organization [16].

However, unfortunately, Predictive Models are usually imprecise [3] or, in some
cases, they fail, thus often generating incompatible answers [17]. In this regard, the
quality of the information required is highly important to make accurate decisions [18].
It is possible to generate more accurate predictions if lack of knowledge on the problem
and its context is reduced. Yet, it is almost impossible to have complete, accurate and
precise information to make absolutely accurate predictions. There is always a risk
related with trusting the available information to assess the situation so a prediction
must be associated to a certain degree of probability [19]. Such probability is affected
by what is known about the problem and what is not. Consequently, apart from
collecting historical data that will be used to build the Predictive Model, it is also
necessary to identify the general characteristics of the domain where the prediction is
taking place thus being able to detect situations or events of which there are no data but
which the model must consider.

In this context, this work proposes the implementation of a process to assist an
Information Systems Engineer in the difficult work of collecting, understanding,
identifying and registering the necessary information to implement an Intelligent
System-based Predictive Model. For that purpose, Sect. 2 presents a brief summary of
the proposed process and Sect. 3 presents the results of the implementation in an
undergraduate course. Finally, Sect. 4 describes conclusions and future work.

2 Proposed Process

The proposed process aims to assist with the Information Systems Engineers (in their
role of Functional Analyst) involved in the implementation of Intelligent Predictive
Models, that is, it seeks to support them during the initial phases of the Project con-
sidering its particularities. This proposed Project is limited to contemplating the
characteristics of two types of Intelligent Systems applied for the implementation of
Predictive Models, Multi-layer Perceptron Artificial Neural Networks (ANN) with
error Backpropagation training (BPNN) and Bayesian Networks (BN). Consequently,
as a result of this proposal, the objectives, success criterion, constraints and assump-
tions of the Project are determined in order to identify the available information
required to train the Intelligent System and to generate an initial specification of it.
These results will help the development team start working on the construction,
training and validation of the Intelligent Predictive Model to meet the expectations of
the organization. The proposed process is structured into the following five phases:
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1. Project Definition Phase: it aims to define the stakeholders who collaborate in the
Project and its scope based on the objectives to be achieved.

2. Business Process Elicitation Phase: its objective is to identify and collect the
business processes that are relevant for the project, as well as the expert’s task in the
case of building a model that emulates their prediction capabilities.

3. Business Process Data Elicitation Phase: it seeks to identify the data repositories
where the information of the different business processes is stored and to collect
information about the characteristics of said repositories.

4. Business Data Conceptualization Phase: its objective is to identify and evaluate
the representativeness of the data available in the business for the construction of
the intelligent predictive model.

5. Intelligent System Initial Specification Phase: based on the information obtained
in the previous phases, the most appropriate type of architecture to implement the
predictive model is determined, as well as a proposal of its initial topology.

Figure 1, shown below, presents the proposed process. Each phase of the process
defines a set of activities that apply to a case study within the context of an under-
graduate course in Sect. 3.

. Business Business . Initial Specification
Project Business Data "
Definition P_rc_>ce_ss prof:ef” _Data Conceptualization of the intelligent
Elicitation Elicitation System

Fig. 1. Phases of the proposed process.

3 Case Study

This section presents the implementation of the phases of the proposed model in a case
in a university setting. Firstly, Sect. 3.1 describes the context of the case study, and
then describes the application of each phase of the process along with the activities that
are carried out in each one of them. Then, the first phase is described in Sect. 3.2, the
second phase in Sect. 3.3, the third phase in Sect. 3.4, the fourth phase in Sect. 3.5 and
the fifth phase in Sect. 3.6.

3.1 Context of the Case Study

This case study is developed at Facultad Regional Buenos Aires (FRBA), Universidad
Tecnologica Nacional (UTN), Argentina. Specifically, it is carried out in the “Systems
and Organizations” course [20], of the first year of the “Information Systems Engi-
neering” undergraduate program. The analyzed course is annual and compulsory for
students who have passed the admittance course (with approximately 800 enrolled
students) and it is one of the integrative courses of the curriculum. In this context, the
aim is to implement an Intelligent System to predict the performance of students
throughout the course. Because any error in the predictions can lead teachers or stu-
dents to make wrong decisions, it is of great importance that the system presents
consistent results taking into account the normal behavior of the students in the course.
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3.2 Application of the First Phase of Project Definition

The following activities are described: “Identify the Objectives of the Project”,
“Identify the Project stakeholders” and “Identify the Project Scope”.

Activity: “Identify the Objectives of the Project”

In this activity, the first conceptual meeting of the project is held with the “Systems and
Organizations” Course Chair, which is the main person in charge of the project. The
aim is to understand the objective of the project together with the associated expec-
tations. Furthermore, the Chair’s faculty members that will take part of the Project’s
stakeholders are identified, with whom the initial meeting will then be held. Based on
the survey carried out, the information obtained is analyzed and the main objectives of
the Project are identified, which are documented in the project objectives form, as
shown in Fig. 2.

OBJECTIVES OF THE PROJECT
ID Objective Description Priority
OBJ1 To imple.:ment an Intelligent Systgm to predict the performance of the
students in the "Systems and Organizations" course taught at UTN FRBA.
Observations
The priority is considered high because it is the only objective that originates the project.

High

Fig. 2. Project objectives form.

Activity: “Identify the Project’s Stakeholders”
In this activity, the Functional Analyst, based on the information gathered from the
organization, identifies the project participants and creates the form shown in Fig. 3.

PROJECT STAKEHOLDERS
.. Org/ Role in the
Position Sector Project Knowledge Areas
Course Chair Person in charge Generalities
Course Theory and Practice
Teacher 1 .
Pass R t
Teachord UTN- FRBA / ass Requirements
C
TA Monday Course ourse Stakeholder '
TA Tuesday Course Course Theory and Practice
TA Thursday Course Data Repositories
TA Friday Course

where TA means Teaching Assistant
Fig. 3. Project stakeholders form.
Activity: “Identify the Project Scope”

Based on the collected information, the Functional Analyst defines the success criteria
of the project as shown in Fig. 4 and determines the problems to be solved in order to
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establish what should be included as a result of the project. With this information, the
project scope definition form is created, as shown in Fig. 5. This form must be vali-
dated by the Course Chair and the business stakeholders. Furthermore, the Functional
Analyst also needs to identify the assumptions for the execution of the project. These
assumptions include the dependencies on other projects, and all the necessary infor-
mation that should be available to begin working on the project. This project
assumptions form is shown in Fig. 6. Finally, the information restrictions of the project
are defined by the project restrictions form, as shown in Fig. 7.

PROJECT SUCESS CRITERIA

ID Criterion Description OBJ-ID
To predict the student’s performance (including first term exam and make
CE1 |up exams) in the second semester based on data from the first term exam| OBJ1
and the first make up exam .

Fig. 4. Project success criteria form.

PROJECT SCOPE DEFINITION

ID Problems to solve OBJ-ID
To identify students’ strengths and weaknesses in order to reinforce what is
P1 . OBIJ1
necessary during the course.
Problems excluded from the Project
Concept scores and class-to-class evaluations are excluded. Only term exams and make up
exams will be considered for the analysis. In addition, the annual planning of the course is not
considered for the analysis, being used only for reference of the topics taught.

Fig. 5. Project scope definition form.

PROJECT ASSUMPTIONS

1D Assumption Description OBJ-ID
3] Either by mail or personally, access to information from teaching assistants
and teachers will be unrestricted

2 Data are considered accurate and complete with the same structure since
they were provided by the same teacher.

OBIJ1

OBJ1

Fig. 6. Project assumptions form.
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PROJECT RESTRICTIONS

ID | Type Description OBJ-ID

R1 | Data | There are no data on the student’s progress class to class. OBJ1
Assignment scores cannot be used. This is because such data are not

R2| Data |considered representative since they are not standardized across all| OBJ1
courses.

R3 | Data Students’ first names, last names aqd file numbers cannot be used OBI1
because they are considered confidential.

3.3 Application of the Second Phase of Business Process Elicitation

Fig. 7. Project Restrictions Form.

The following activities are described: “Identify Business Processes” and “Collect
Business Processes”. Since the aim is to implement a Predictive Model based on the
knowledge of experts available in the organization, the tasks corresponding to the third
activity “Collect the Expert’s Tasks™ are carried out.

Activity: “Identify Business Processes”
From the minutes of the meetings held with project stakeholders, the Project Objectives
form (Fig. 2), the Project Success Criteria form (Fig. 3) and the Project Scope Defi-
nition form (Fig. 4), the Functional Analyst defines the most significant business
activities for the project and makes a use case diagram that is included in the business
process diagram form (Fig. 8).

BUSINESS PROCESS DIAGRAM

Business Process List

.. Person in
ID Name Description erson OBJ-ID
Charge
Evaluate Stu- The aim of this process is to correct the students’ Teachin
P0001 , exams and load the data into repositories intend- ching OBJ1
dents’ Exams . Assistant
ed for this purpose.

Main Diagram

: Evaluate
Tescher | Students’
i \ Exams

Fig. 8. Business process diagram form.
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Activity: “Collect Business Processes”

Taking into account the collected information associated with the identified business
process, the Functional Analyst holds a new meeting with the Course Chair and the
course stakeholders. In this way, information is collected to record how this process
works and how it is related to data repositories. From the information gathered, the
information is registered by documenting it in the business process form, as shown in
Fig. 9.

BUSINESS PROCESSES

P0001 — Evaluate Students’ Exams
The aim of this process is to correct the students’ exams and load the data
into repositories intended for this purpose.
Actors Teacher; Teaching Assistant (TA)
Students sat for the exams to be evaluated and they were already distributed
among teachers and teaching assistants for their correction

The exams were corrected the scores were registered in the course spread-
sheet.

Description

Pre-Conditions

Post-Conditions

Normal Flow

The TA corrects the practice part of the term exams.

The teacher corrects the theory part of the term exams.

The TA holds a meeting with the teacher to deal with doubts during the correction.
The teacher determines the term exam final score.

N AW~

The TA registers the scores in the course spreadsheet.

Alternative Flow
In the event that an exam has been inaccurately corrected after the student has analyzed it,
1 the teacher and the teaching assistant will meet again in order to correct it again and define
the final score.
2 Once the score is determined, the teaching assistant registers it in course spreadsheet.

Fig. 9. Business process form.

Activity: “Analyze the Expert’s Tasks”

From previous meetings, it has been detected that the task of determining whether the
student passes or not taking into account their characteristics and the result of their
exams depends on different types of knowledge that is internalized in the minds of
teachers. This means that there are no fixed rules or standard procedures to carry out
such task so it is not possible to identify a Business Process. Therefore, it is an expert
task and it is decided to analyze it in order to obtain the knowledge applied by the
Course Chair. To do this, the Protocol Analysis is selected as the knowledge elicitation
technique, thus performing the steps corresponding to the technique according to [21].
Once the steps have been carried out based on the protocol, the Functional Analyst will
register the knowledge obtained in the expert’s task form, as shown in Fig. 10a and b.
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(@
EXPERT’S TASKS
TE001 — Evaluate Course Academic Status of the Student
General The objective is to determine whether the student will or will not pass the
Description course considering their exam results.
Factual Knowledge
Table of Concepts — Characteristics — Values
Concepts Characteristics Values
FileNumber_Student Alphanumeric
Student FullLastName_Student Alphanumeric
FullName_Student Alphanumeric
Type Evaluation Alphanumeric
Evaluation FinalScore Theory Alphanumeric
FinalScore_Practice Alphanumeric

Glossary of Terms

Term Description
Evaluation It indicates the exam the student is sitting for.
FileNumber Student [Student’s File Number (assigned by the School).
FinalScore_Practice |Final Score obtained in the practice part of the exams.
FinalScore_Theory |Final Score obtained in the theory part of the exams.
FullLastName_Student Student’s Full Last Name.
FullName Student  |Student’s Full Name.
Student It indicates the student who takes the course, sits for the
exams and submits the assignments.
Type_Evaluation  [Type of exam, which may be first term exam, second term
exam or make-up exams.

Tactical Knowledge

The rules resulting from the Protocol Analysis performed with the Course Chair are as fol-

lows:

e If the student passes the theory of the first term exam or the theory of the first make-up
of the first term exam or the theory of the second make-up of the first term exam, then
the student passes the theory of the first semester.

e If the student passes the practice of the first term exam or the practice of the first make-
up of the first term exam or the practice of the second make-up of the first term exam,
then the student passes the practice of the first semester.

e If the student passes the theory of the second term exam or the theory of the first make-
up of the second term exam or the theory of the second make-up of the second term
exam, then the student passes the theory of the second semester.

e Ifthe student passes the practice of the second term exam or the practice of the first
make-up of the second term exam or the practice of the second make-up of the second
term exam, then the student passes the practice of the second semester.

e If the student passes the theory of the first semester and the practice of the first semester
and the theory of the second semester and the practice of the second semester, then the
student passes the course.

e If the student does not pass the theory of the first term exam, then it is likely that they
will not pass the theory of the second term exam.

If the student does not pass the practice of the first term exam, then it is likely that they
will not pass the practice of the second term exam.

Fig. 10 a. Expert’s task form (factual and tactical knowledge) b. Expert’s task form (strategic
knowledge and metaknowledge).
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EXPERT’S TASKS

TEO001 — Evaluate Course Academic Status of the Student

Strategic Knowledge

A three-level decomposition tree is drawn in https://bit.ly/2wdk9JF

Metaknowledge

A knowledge map is drawn in https://bit.ly/2HRBz3W

Fig. 10 (continued)

3.4 Application of the Third Phase of Business Process Data Elicitation

The following activities are described: “Identify Data Repositories” and “Collect
Business Data”.

Activity: “Identify Data Repositories”
The Functional Analyst analyzes the information gathered from the interviews con-
ducted with the business stakeholders and from the “Expert’s Tasks” form (Fig. 10). As
a result, he detects that the main data to be used in the project are in Excel format
spreadsheets named planning_ < course day > which describe the students’ behavior
(in relation to their exam, make-up and assignment scores) during the year. These
spreadsheets were provided by the Course Chair. After defining such data repositories,
the Functional Analyst registers this information and prepares the data repository form
shown in Fig. 11.

DATA REPOSITORIES
.. Business Person in
ID Name Type Description Process /Task charge
P M planning_ Excel Evaluation results of P0001; TA Monday
- Monday.xlIs | spreadsheet | Monday course students. TE001 course
P Tu planning_ Excel Evaluation results of P0001; TA Tuesday
- Tuesday.xls | spreadsheet | Tuesday course students. TE001 course
P Th planning_ Excel Evaluation results of P0001; Thl?r?da
- Thursday.xls | spreadsheet | Thursday course students. TE001 coursey
P Frl planning_ Excel Fr}izc;;ahi:eglll?sleriiurlrtligile P0001; TA Friday
- Friday 1M.xls | spreadsheet Y TE001 course
students.
P Fr planning_ Excel Fr?(i\]alalllcagiliger;iurlrtj)gile P0001; TA Friday
- Friday 2M.xls | spreadsheet Y students TE001 course

Fig. 11. Data repository form.
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Activity: “Collect Business Data”

The Functional Analyst prepares the data structure form, shown in Fig. 12. Since all the
Excel spreadsheets provided have the same format, a generic data structure is obtained,
which is valid for all the data repositories.

DATA STRUCTURE
Student Group
PK |[filenumber_ student . | PK | num_aroup
fulllastname_student name_group
fullname_student percent_approval_group
FK1 | num_group

A
Evaluation Assignment
PK type_evaluation PK num_as
PK,FK1 | filenumber_student PK,FK1 | num_grou
finalscore_theory type_as
finalscore_practice finalscore_as

Fig. 12. Data structure form.

3.5 Application of the Fourth Phase of Business Data Conceptualization

The purpose of this phase is to determine whether the data that will be used in the
Predictive Model are representative. To do this, in this case study, the two cycles of this
phase are conducted, first evaluating the more general initial version of the business
data and then a more detailed extended version.

Evaluation of the Initial Version of the Business Data

The evaluation of the initial version of the data is made, completing the tasks corre-
sponding to the activity named “Identify Data to Build the Predictive Model” and then
those corresponding to the second activity, i.e. “Validate Data Representativeness”.

Activity: “ldentify Data to Build the Predictive Model”

Based on the “Data Repository” form (Fig. 11), the “Data Structure” form (Fig. 12)
and the information collected in the interviews conducted to the business stakeholders,
the Functional Analyst documents the obtained data in the “Available Data” form
shown in Fig. 13. In this case, all the spreadsheets identified as data repositories were
integrated into a single spreadsheet which includes all the data.

Activity: “Validate Data Representativeness”

Based on the available data obtained in the previous activity, the Functional Analyst
analyzes whether such data are representative of the business in order to build the
Predictive Model. Due to space constraints, all the tasks performed on the data set are
specified in [22]. The conclusions drawn show that the initial version of the data (more
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AVAILABLE DATA

Data Version | Initial Version of the Data (1.0)

The data repositories named planning <course day>.xls have three tabs: “Annual Plan-
ning”, “Assignments” and “Term Exams”. For this project, only the “Term Exams” tab is
used, since the data structure includes neither the data related to the assignments nor the
data related to the groups of students doing such assignments. This is because such data are
not considered representative since they are not standardized across all courses. In addition,
students’ first names, last names and file numbers cannot be used because they are consid-
ered confidential. Both situations are accounted for in the Project Restrictions form (figure
6). After integrating the 5 spreadsheets, identified in figure 10, a single spreadsheet is ob-
tained, from which a sample of 75 records is taken. The integrated data are specified, which
includes 14 attributes corresponding to 75 records containing the students’ performance in
the theory and practice parts of the course exams (term exams and make-ups) as well as the
course day and the resulting course academic status.

In this case, two attributes are described as an example.

Attribute: COURSE ACADEMIC STATUS
Course result, that is, whether the student has passed
Description: the course or not or they directly do not appear in the
Final Course Records (TPA) due to absenteeism.
Type of Data: Alphanumeric
- APRUEBA
Value Range: - NO_APRUEBA
- NO TPA
Attribute: Cl PP CIl IRPCI2RP

Final score of the practice part of the exams (it in-

cludes all the practice items of the first semester,

which are Process Charts and Organizational Charts),

Description: where the prefix means the following:

e C1_P: First Term Exam

e C1_1R: First Make-up of the First Term Exam

e C1 2R: Second Make-up of the First Term Exam

Type of Data: Alphanumeric.

- AP _dist: Passed with Honors

- AP: Satisfactory Pass

- AP_err: Passed with some errors

- AP_lim: Borderline Pass

- NO_AP_lim: Borderline Fail

- NO_AP: Failed

- NC: Topic Not Answered

- AUS: Student Absent in the Evaluation

- NA: Topic that the student does not need to answer
(this value is used for make-up exams only).

Synonym: First Semester Practice Score

Value Range:

Fig. 13. Available data form for the initial version of the data.
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general and limited) contains biases which generate differences with the relationships
preconceived by the teacher of the courses. For this reason, a new version of the data is
generated, including more examples and more detail in the attributes used.

Evaluation of the Extended Version of the Business Data

The tasks corresponding to the activity named “Identify Data to Build the Predictive
Model” and those corresponding to the second activity, “Validate Data Representa-
tiveness” are performed in order to evaluate the extended version of the data.

Activity: “Identify Data to Build the Predictive Model”

In view of the problems detected in the initial version of the data, it is decided to extend
them both in number of rows and in detail of the attributes, which are also documented
in a new “Available Data” form, shown in Fig. 14.

AVAILABLE DATA

Data Version | Extended Version of the Data (2.0)

In order to extend the data, a detailed account of the results for each topic of each exam is
made (in this way, for instance, in the Practice part of the first term exam, the results for
Organizational Charts and Process Charts are indicated). In addition, 51 students’ records
are added so that the data include a total of 126 rows with 23 attributes. Below, an attribute
is described in detail as an example.

Attribute: Cl P ORG; Cl IR ORG; Cl 2R ORG

Final exam score for the organizational charts topic

which is evaluated in the first semester, where the

prefix means the following:

e C1_P: First Term Exam

e C1_1R: First Make-up of the First Term Exam

e C1 2R: Second Make-up of the First Term Exam

Type of Data: Alphanumeric.

- AP _dist: Passed with Honors

- AP: Satisfactory Pass

- AP_err: Passed with some errors

- AP_lim: Borderline Pass

- NO_AP_lim: Borderline Fail

- NO_AP: Failed

- NC: Topic Not Answered

- AUS: Student Absent in the Evaluation

- NA: Topic that the student does not need to answer
(this value is used for make-up exams only).

Score obtained in Organizational Charts in the First

Semester

Description:

Value Range:

Synonym:

Fig. 14. Available data form for the extended version of the data.

Activity: “Validate Data Representativeness”

Based on the available data obtained in the previous activity, the Functional Analyst
once again analyzes whether such data are representative of the business in order to
build a Predictive Model. Therefore, all the tasks performed on the data set are
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described in detail. All the tasks performed on the data set are specified in [22].
Based on the conclusions obtained, the extended version is representative of the stu-
dents’ behavior and therefore it is the version that will be used to build the Predictive
Model.

3.6 Application of the Fifth Phase of Initial Specification of the Intelligent
System

The following activities are described: “Select the Type of Intelligent System” and
“Define Initial Topology of the Intelligent System”. In addition, the complete process is
specified in [23].

Activity: “Select Type of Intelligent System”

The Functional Analyst answers the questions associated to each characteristic using
the meeting minutes written in previous phases, formalizing them in Table 1 as shown
below. The possible linguistic values that can be used for each characteristic are
“Nothing”, “Little”, “Regular”, “Much” and “All”. Once the linguistic values corre-
sponding to each characteristic defined in Table 1 are assigned, the Functional Analyst
obtains the values corresponding to each architecture and selects the best architecture
for the project. The operations made are presented in the spreadsheet available in [24].
As shown in Fig. 15, the architecture selected in this case is Bayesian Networks. This
selection is registered in the predictive model architecture form, shown in Fig. 16.

Table 1. Characteristics evaluated in order to define the most appropriate architecture.

Category ID Question associated to the characteristic Value

Available D1 | How much confidence is there as to the representativeness of | Much
data the data?
D2 | To what extent may the data be considered complex and with | Little
a nonlinear relationship between their attributes?

D3 | How many examples do the data include? Regular
D4 | What percentage of data is there with continuous numeric Regular
values (in relation to non-numeric values or numeric discrete
values)?
Expected R1 To what extent is prediction accuracy considered critical? Much
results R2 | To what extent is it desirable to know and compare the Much

predictions for different possibilities and scenarios?
R3 | To what extent is it important to be able to explain how the | Much
results generated were obtained?
Problem P1 How stable is the problem to be solved? All
domain P2 To what extent are the domain experts available to All
participate in the project?
P3 To what extent it is desirable to be able to manually adjust | All
the network based on the knowledge about the data?
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Adequacy for ANN Value ANN Adequacy for BN Value BN
( AANH ) ( VANM ) ( ABN ) (VEN )
(292413,414537) | [ 414] iime | | [ (487:609,741;823) | [ 665]regular
ANN not acceptable BN acceptable
12 1.2

Fig. 15. Appropriateness values for each architecture.

PREDICTIVE MODEL ARCHITECTURE

The most appropriate architecture for this project is Bayesian Networks, while the use of
Artificial Neural Networks is discarded for the problem to be solved. The available data
include a sufficient number of examples to perform the training and validation of the net-
work, allowing the definition of value ranges for each of them. In addition, there are domain
experts available who can contribute their knowledge and participate in the project. There-
fore, comparisons between the predictions for different scenarios will be possible as well as
knowing how the results were obtained, thus allowing for adjustments in the network that is
defined.

Fig. 16. Predictive model architecture form.

Activity: “Define Initial Topology of the Intelligent System”

Once the type of architecture to be used is selected, the Functional Analyst defines the
initial characteristics of the topology and documents them in the initial topology of the
predictive model architecture form.

For building the model proposed, the Analyst uses the ‘Graphical Network Inter-
face’ or GeNle software tool [25], together with the extended version of the data
obtained in the previous phase. A simple structure is chosen to be applied, where each
node connects with the objective attribute (COURSE ACADEMIC STATUS) and, in
the case of the topics, the result of the term exam is associated to the first make-up and
the latter with the second make-up. The reason for this linkage is that, as explained by
the domain expert, it is thought that the result that a student would obtain in the theory
part of the second make-up may be influenced by the results of the first make-up and of
the term exam. With such structure, the available data (corresponding to the Extended
Version of the Data) are imported so that the tool can determine the a priori proba-
bilities and the conditional probabilities corresponding to each node. As a result of this
operation, the probability distribution is obtained, as shown in https://bit.ly/2W1X1gd
(the names are displayed in the original language).


https://bit.ly/2W1X1gd
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Although the implementation of the final Bayesian Network falls outside the scope
of this process, in order to confirm whether this initial topology was successfully
trained, the validation thereof was performed using the same data with a functionality
provided by GeNle. Despite the fact that in a real project it would not make sense to
validate an Intelligent System using the same data as those used to train it (since the
accuracy thus obtained is not reliable), in this case we only seek to confirm that the
probabilities given by the network can be considered representative of the data used. As
a result, the general accuracy of this network is 94%, with 100% of accuracy to predict
students that approve the course, 87.5% for students that do not approve and 96,4% for
students that do not finish the course. Therefore, it is possible to affirm that this initial
topology is useful to be used as a basic prototype of the Intelligent Model to predict the
students’ behavior in the course.

4 Conclusions

In this work, a proposed process has been applied to predict the performance of
students throughout a university course. In the first phase, the objective and require-
ments of the Predictive Model has been defined. In the second phase, the business
process characteristics have been identified. During the third phase, the available data
sources have been detected, which then have been evaluated in the fourth phase to
retrieve a data set sufficiently representative of the behavior of the students. Finally, in
the fifth phase the most appropriate technology to build the Predictive Model has been
established to satisfy the project requirements.
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