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Abstract—Data visualization aims to graphically represent
information from a given application domain. This approach
helps in the analysis and understanding of a data set through
the mechanisms of interaction and generation of graphical rep-
resentations, which emphasize the observation of characteristics
and patterns. In this way, this technique combined with visual
learning analytic enables the detection of the expected and
the discovery of the unexpected. Those have been used in
numerous areas such as education, where the motivation is to
understand and improve the teaching and learning processes. In
the literature, data visualization is used within the educational
area to predict performance and identify the student profiles,
as well as monitoring educational systems in order to improve
the quality of teaching. In this area, introductory computing
courses stand out for the high number of students who fail
or drop out of these courses. On average more than 30%
of students, worldwide, drop out of introductory computing
courses. At University of Brası́lia (UnB) this ratio is greater
than 50%, which makes it an appropriate scenario for the
use of data analysis and visualization techniques, in order to
discover patterns related to the scenario and ways to improve
the situation. This paper searches and implements the most used
visualization algorithms, according to the literature, in order to
assist instructors and educational managers to get information
about historical and demographic data related to the course.
To evaluate the visualizations, the algorithms were applied in a
case study of three introductory computing courses at UnB and
were evaluated through a questionnaire applied to instructors
and educational managers. The results show that the respondents
felt more secure when using familiar algorithms, such as pie
charts and bar charts. Among the selected visualizations, sankey
chart, treemap, and violin chart were the least known by the
respondents. Furthermore, the bar chart was the algorithm where
the information was identified quickly and correctly most of the
time.

Index Terms—Visualization study, educational courses, intro-
ductory computing disciplines

I. INTRODUCTION

Nowadays a great deal of information is constantly being
generated, making the acquisition of knowledge and the vi-
sualization of data, a challenge. It is therefore important to
understand the purposes of visualization techniques that seek
to graphically represent data sets, so the visual representation
generated may explore the capacity of human perception [1].

Hence, domain specialists and users of several knowledge
domains can interpret and understand the spatial relations of
the underlying data displayed in the visual outputs, leading to
the acquisition of implicit and potentially useful knowledge.

According to the definition, visualization techniques pro-
vide several advantages to data analysis such as [2] [3] [4]:
understanding information faster, due to the fact that sight
is the human sense with the greatest capacity for capturing
information in the shortest periods of time; viewing huge
amounts of data in an intuitive and cohesive way; discovering
atypical values and recognising patterns and relations; and
involving the user by conveying a message, which might
generate impact, work as an extension of human memory and
also assist in the cognitive process.

Due to these several advantages, data visualization is already
employed in various areas, such as stock market tracking [5],
consulting movie databases [6] and in applications in educa-
tional areas [7] [8]. One of the fields of visualization research
in an educational context is the constant dropout of students
in university majors, an issue that has several consequences,
including social, economic and human [9].

In this context, this paper aims to implement a methodology
to analyze how visualization algorithms can be applied to
an educational context and how instructors and educational
managers use these visualizations. For that matter, the algo-
rithms were applied in a case study of introductory computing
courses at University of Brası́lia (UnB). The data used in
the visualizations were selected due to the insights generated
for student retention in the course. Also, the algorithms were
evaluated through a questionnaire applied to instructors and
educational managers.

The remainder of this paper is structured as follows: the
related works are detailed in Section II. Section III shows
the methodology steps followed in this work. The result of
the questionnaire applied to evaluate the algorithms is in
Section IV, also the discussion of the results are in Section IV.
Finally, Section VI concludes the paper.



II. RELATED WORK

In recent years, several papers in the literature have pro-
posed approaches to analyze educational data with the support
of visualization. Culligan, et al. [10] created a tool to keep
track of students, allowing instructors to identify students at
risk of failure or dropout and enabling early interventions.
Hegde in [11] used Principal Component Analysis (PCA), a
technique for dimensionality reduction, in order to predict
student dropout. Zhang et al. in [12] considered Massive
Open Online Course (MOOC) data to anticipate if a student
would complete the course or not, as well as suggesting new
courses according to each profile. Essa & Ayad [13] describe
the system Student Success System (S3), that features holistic
visual analyzes of students’ academic progress.

A systematic review of the literature, which aims to obtain
the papers related to the topic “visual analytics in the educa-
tional context”, was carried out in [14]. This study mapped the
most used algorithms in the literature, that include: bar chart,
line chart, heatmap, pie chart, network, scatter plot, timeline
and box plot. Also, according to this literature study, from 128
papers analyzed, only thirty of them used data from courses,
in which only seven were introductory.

In this sense, this paper has as a contribution, the definition
and the implementation of a methodology for the analysis
of visualization algorithms, the validation of the charts with
instructors and managers of the area, as also, the use of data
from initial programming subjects.

III. METHODOLOGY

The methodology of this paper was structured in four
phases: definition of the data set, study of the fundamen-
tals of visual algorithms, elaboration and definition of the
visualizations and, finally, analysis of the results. During the
third phase, a case study was applied in order to validate the
considered visualizations.

A. Phase One - Definition of the Data set

The first phase consists of the definition of the data set, in
which the goal is to perform a screening of the characteristics,
focusing on those that are relevant to decision making. For this
purpose, anonymous data from SIGRA (Academic Systems of
the University of Brası́lia) were used.

This data set contains information from students of UnB for
the period from the second semester of 1984 to the summer
semester of 2020. The data totals 181,491 items of academic
and personal information from 8,052 students from the follow-
ing majors: Computer Science, Computer Science Education,
Civil Engineering, Computer Engineering, Electrical Engineer-
ing, Forest Engineering, Mechatronic Engineering, Mechanical
Engineering, Statistics, and Mathematics.

Data processing is any operation using a data set, which
may include collection, reception, reproduction, extraction,
storage, among others. Thus, after extracting the information
from SIGRA, it was necessary to carry out some analyzes to
correct the inconsistencies in the data.

From the actions taken, it is evident: the capitalization of
the values, the removal of blank spaces, and treatments for
undefined values (“NaN”). The latest treatment of the data was
due to a change in the curriculum of the Computer Science,
Computer Science Education, Electrical Engineering, Statistics
and Mathematics major, where the data reported that students
were active in both the old curriculum and the new curriculum.
Therefore, a new form of exit called “Curriculum change”
was created and these students were declared to leave the
old curriculum in the year of change, varying from course
to course.

B. Phase Two - Study of the Fundamentals of Visual Algo-
rithms

The second phase studies the fundamentals of visualization,
in which the algorithms and tools to be used are delimited.
It is necessary to select those that enable the interpretation
of existing patterns in the data set and that can assist in the
discovery of knowledge.

In this way, Lengler & Eppler in [15] grouped the main
algorithms into six categories: data visualization, informa-
tion visualization, concept visualization, strategy visualization,
metaphor visualization and composite visualization. Among
the available visualization techniques, the most commonly
used in visual analysis processes in the educational context
were analyzed, in accordance with Section II. Thus, in this
paper two of the categories established by Lengler & Eppler
are addressed: data visualization and information visualization.
Other visualizations, that focused on the knowledge discovery
in educational data, pointed out by the literature, were ad-
dressed as well.

The data visualization category consists of presenting the
quantitative and schematic data, and aims to simplify its
interpretation. This category includes the following algo-
rithms [15]: pie chart, line chart, bar chart, area chart,
histogram, scatter plot and box plot. On the other hand,
the information visualization category seeks to aid in the
understanding, evaluation, and analysis of data, allowing in-
formation about its internal structure, causal relationship, and
dependencies to be obtained [1]. The following visualization
algorithms are part of this category [15]: radar chart, parallel
coordinates, timeline, venn diagram, sankey diagram, map
graph and treemap. Meanwhile, new algorithms are being
developed every day in order to facilitate the understanding
and analysis of data [16], such as: heatmap, violin plot, bubble
chart, network and density plot.

After investigating the aforementioned visualization tech-
niques, 19 were selected in order to explore their use on ed-
ucational data. The following aspects were identified in those
techniques: the types of data represented in the visualizations
and their characteristics, the advantages and disadvantages of
each graph, and which graphs are similar, i.e., those that can
convey the same message. Table I presents a summary of the
studied techniques and an analysis of the appropriate scenario
that they can be employed, such as the type of data (tabular,
series, text), the data attributes (nominal, continuous, discrete),



among others. The link [https://github.com/luhansen/Visual-
analysis-of-educational-data—algorithms] has an example of
each studied algorithm.

C. Phase Three - Elaboration and Definition of the Visualiza-
tions

The third phase consists of the formulation, definition and
specification of the visualizations. In this phase a case study of
introductory computing courses at UnB was applied with the
objective of validating and making the necessary adjustments.
In order to achieve the main goal of this paper, the following
questions were elaborated: 1) How many students pass/fail
in the courses? 2) What is the evolution over the semester
of the approved students compared to the total? 3) What
is the evolution of the students’ grades over the semester?
and 4) Which major did students most frequently repeat? For
the choice of visualization algorithms, some candidates were
selected using the study carried out in the second phase of the
methodology.

1) Question 1: How many students pass/fail in the
courses?: In order to verify if the students usually pass in the
courses, the grades were used to generate the visualizations.
Grades equal to or greater than 5 went into the “Pass” category,
while lower grades were classified in the “Fail” group. The pie
chart and bar chart were chosen for their ability to present data
with few categories, the visualizations are shown in Figure 1b
and Figure 1a. In the charts, 71% of students passed the case
study courses.

2) Question 2: What is the evolution over the semester of
the approved students compared to the total?: This question
intends to analyze the evolution over time and to compare the
number of students who passed with the total amount who
applied for the course. By using two categories (students who
passed and the total amount), the line, area and bar charts
were selected, as they show the evolution over time. In the
visualizations in Figure 2a, Figure 2b and Figure 2c, fewer
students took the course in the summer semesters, but in those
semesters the proportion of students who passed is higher. The
semester with the highest number of students attending the
courses was in 2015-2.

3) Question 3: What is the evolution of the students’
grades?: In order to visualize the evolution of the students’
grades, the semester information and the respective grades
were used. Line chart, area chart and bar chart were chosen for
the time display. Regarding the box plot, by plotting several
on a cartesian plane, one gets the idea of progress, and more
information is also highlighted, such as: location, dispersion,
asymmetry, tail length, and outliers. From the visualizations
in Figure 3a, Figure 3b, Figure 3c and Figure 3d, the average
varied, but the oscillation was not significant. The highest
average was in the second semester of 2016.

4) Question 4: Which major did students most frequently
repeat?: To answer this question, the following data were
used: the students’ major, the students’ score and the number
of times the student took the course. The violin chart and
the box plot organize large amounts of numerical data, so

(a) Bar chart.

(b) Pie chart.

Fig. 1: Generated visualizations to address Question 1.

they were used as candidates to compare the grades among
newcomers and repeating students in the course. The parallel
coordinates algorithm [17] was selected as a candidate for
comparing data values that are of different types and magni-
tudes. Finally, the bar chart was used in conjunction with the
line chart, where the lines represent the average grades of the
students in each course, while the bars show the number of
students, both segmented by the category “time to attend” .

According to the analysis of the visualizations in Figure 4b,
Figure 4c, Figure 4d and Figure 4a, the Mathematics major
has the largest number of students taking the courses in the
case study. The major with the highest grades is Civil En-
gineering, followed by Electrical Engineering and Mechanical
Engineering. First-time students usually get higher grades than
repeat students, except for Mathematics students. Furthermore,
the Computer Science major has the highest percentage of
students retaking the course, as well as being the course with
the lowest average.

D. Phase Four - Analysis of the Results

In order to determine whether the selected visualizations
communicate information clearly and cohesively, a question-



TABLE I: Scenario analysis of the studied visualization algorithms.

Algorithm Scenario analysis

Pie chart - visualize the relationship between the values
- visualize relationship of a single value to the total

Line chart - visualize trends or changes over time
Bar chart - compare values

Area chart
- compare volume trends over time
- emphasize the change over time
- draw attention to the total value between a trend.

Histogram - show a frequency distribution
Scatter plot - check if there is a cause-effect relationship between two variables
Box plot - compare the range and distribution of numerical data groups
Radar chart - compare members of a dimension in a function of several metrics
Parallel coordinates - show comparison of data elements in a grouping
Timeline - show a sequence of events in chronological and linear order

Venn diagram - show relationships between data sets
- organize information

Sankey diagram - show specific quantities
- find the most significant contributions to an overall flow

Data map - compare values and show categories across geographical regions
Treemap - work with large amounts of hierarchically structured data
Heatmap - identify patterns
Violin plot - compare the distribution of a variable
Bubble chart - show the relationship between numerical values
Network - show the components of a network and how they interact
Density Plot - describe a numerical variable

(a) Area chart.

(b) Bar chart.

naire was developed to be applied to instructors and education
managers using as basis the Valiati [18]. The respondents
have academic degrees varying from computer/engineer, math-
ematics, physics and statistics. The questionnaire has two
types of questions: initial questions that aim to analyze the

(c) Line chart.

Fig. 2: Generated visualizations to address Question 2.

respondent’s knowledge of the visualizations; and elaborated
questions, which aim to determine if the candidate visual-
izations communicate the right information in a clear and
practical way. The elaborated questions were developed based
on the questions/tasks used in the interaction tests of Valiati.

The evaluation of the visualizations consisted in the analysis
of the answers to the questions, taking into consideration:
the time that the respondent takes to identify the information
and answer, also the correctness of the answer. These were
classified as “correct” if the answer is as expected, “wrong”
if the answer is different than expected, and “don’t know”
when the respondent chose not to answer because he could
not identify the information. Regarding the solution time,
the following intervals were defined: 1 to 4 seconds, 5 to 9
seconds, 10 to 15 seconds, and over 15 seconds. The results of
the questionnaire application are discussed in the next section.



(a) Area chart.

(b) Line chart.

(c) Bar chart.

IV. QUESTIONNAIRE RESULTS

To evaluate the communication of information through the
visualizations, a questionnaire were developed, as specified
in Section III-D. A total of 23 instructors and educational
managers from computer course took part in the questionnaire,
where each question was asked to eight different participants.
The choice of question was random.

(d) Box plot.

Fig. 3: Generated visualizations to address Question 3.

(a) Bar chart with line chart.

A. Initial Question

From the initial questions it was possible to evaluate the
respondents’ level of knowledge about the visualizations used.
In this sense, the least known graph was the violin graph,
followed by the parallel coordinates. However, everyone was
already familiar with the bar chart, the pie chart, and the box
plot. Table II presents the number of instructors/educational
managers who knew, or did not know, each of the visualiza-
tions used in the questionnaires.

B. Elaborated Question

The elaborated questions, unlike the initial questions, vary
for each domain. Thus, this section details the algorithms used
in the development of each chart, as well as the results of the
application of the questionnaire related to each question in
phase three. These results are presented in Table III.

1) Question 1: How many students pass/fail in the course:
In order to evaluate the visualizations, the elaborated question
related to the first question was: “What is the difference



(b) Box plot.

(c) Violin plot.

TABLE II: Respondents’ level of knowledge about visualiza-
tions.

Known Didn’t Know Total of
respondents

Pie Chart 16 0 16
Bar Chart 23 0 23
Line Chart 14 1 15
Parallel
Coordinates 7 16 23

Box Plot 15 0 15
Violin Chart 2 13 15
Area Chart 5 2 7

between the amount of students who passed and who failed
the course?” All the eight instructors/educational managers got
the answer right when using the bar chart, while two got it
wrong when employing the pie chart. However, in both views,
most respondents took longer than 15 seconds to identify the
information and provide the answer.

2) Question 2: What is the evolution over the semester of
the approved students compared to the total: The elaborated
question was: “What semester had the highest percentage of
approved students?”. Where more respondents got it right
when using the bar chart. However, quicker answers were
obtained while looking at the line chart.

3) Question 3: What is the evolution of the students’
grades: In order to evaluate the visualizations, the elaborated
question related to the third question was: “Which semester
has the highest average grade?”. All respondents got the
answer right when using the line chart and the bar chart, while
the majority got it wrong when using the box plot.

4) Question 4: Which major did students most frequently
repeat: The question designed for the last question was:
“Students in which course have the lowest score average?”.
From eight people who answered the questionnaire, five could
not answer this question by using the parallel coordinates and
four by visualizing the violin plot. However, when looking
at the line and bar charts most respondents got the question
right. The violin plot was the one where users answered the
question fastest, between 5 and 9 seconds.

V. DISCUSSION

According to the study of visualization algorithms, it was
observed that more than one algorithm can represent the same
information. Although more complex algorithms present more
information in a compact form, these are not as well known
and are more difficult to interpret. However, from the results of
the applied questionnaire, it was observed that the respondents
felt more secure when using already known algorithms, such
as pie charts and bar charts. Furthermore, the bar chart was
the algorithm where the information was identified the most
quickly and correctly.

The evaluation of the visualizations allowed to select the
most suitable diagrams to present the data for each designed
question in the study case. For the first question, the pie
chart was selected due to more people answering the ques-
tion correctly, even though the response time was the same



(d) Parallel coordinates.

Fig. 4: Generated visualizations to address Question 4.

TABLE III: Result for the elaborated questions.

Response Time (seconds) Correctness

1 to 4 5 to 9 10 to 15 >15 Correct
answer

Wrong
answer “Don’t know”

Question 1 Pie chart 3 1 4 6 2
Bar chart 3 1 4 8

Question 2
Area chart 3 2 2 1 5 1
Line chart 5 3 1 6
Bar chart 1 1 2 4 3 4

Question 3

Line chart 4 3 7
Area chart 2 4 5 1 1
Box plot 3 2 1 2 4 1
Bar chart 4 3 7

Question 4

Box plot 1 2 3 3 3 2
Violin chart 2 1 1 3 1 4
Bar chart with
Line chart 2 5 4 3 1

Parallel coordinates 3 3 5

compared to the bar chart. For the second question the bar
chart was chosen, since it was the visualization with the most
correct answers. Among the candidate algorithms for the third
question, both line chart and bar chart assisted the users to
answer the question quickly and correctly, in the same amount
of time. The line chart associated with the bar chart was
selected to represent the fourth question once it presents all the
information related to the question, as well as being the graph
in which more respondents got the answers to the questions
right. This results are presented in Table IV.

VI. CONCLUSION

This paper presented a study using visualization techniques
applied to a case study of introductory programming courses
at University of Brası́lia, defining and implementing a generic
methodology that can be applied in other subjects. Four
questions were designed in order to guide the study of the

TABLE IV: Selected algorithms.

Question Data type Selected chart
Question 1 categorical pie chart

Question 2 chronological
or categorical bar chart

Question 3 chronological
or categorical

line chart
bar chart

Question 4 categorical line chart

algorithms. For each question, the candidate visualizations and
the attributes of the data were defined. In order to determine
whether the selected algorithms communicate the information
clearly and cohesively, a questionnaire was applied to 23
different instructors and education managers. This question-
naire consisted of questions that assessed the respondent’s
knowledge of the visualizations, as well as questions designed
for each set of algorithms, in order to evaluate them.



The purpose of this paper was to provide a detailed study
of several visualization techniques commonly found in the
literature, in order to select the best algorithms to be applied to
introductory programming courses data. In this way, instruc-
tors and educational managers can make decisions that support
student learning in the courses.

To continue this work, it is proposed to analyze other charts
for different questions than those elaborated in this paper, as
well as to analyze other subjects. Finally, it is proposed the
creation of a virtual module to be implemented in a virtual
environment, with the visualizations selected from this work.
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