Promoting Deep Learning Through a Concept
Map-Building Collaborative Activity in an
Introductory Programming Course

Joao Paulo Barros &

Polytechnic Institute of Beja, Portugal

Center of Technology and Systems (UNINOVA-CTS) and Associated Lab of Intelligent Systems
(LASI), Caparica, Portugal

—— Abstract

Programming courses focus heavily on problem-solving and coding practice. However, students also

face numerous interrelated concepts that should be given more attention to foster more effective
and comprehensive learning. Often, students only get an incomplete knowledge of those concepts
and their relations as no adequate reflection is promoted or even seen as necessary. The result is a
superficial surface learning about essential programming concepts and their relations. This experience
report presents a learning activity to promote deep learning of concepts and their relations. The
activity challenges students to specify relations between concepts. Students search definitions for a
given set of concepts and define relations between those concepts in textual form. To that end, they
use a freely available tool that produces a graph from textual descriptions. This tool dramatically
simplifies and speeds up the creation of readable graphical representations. Although many different
courses can take advantage of the presented activity, we present the activity’s application to an
introductory object-oriented programming course. We also present and discuss the student’s feedback,
which was highly positive. In the end, we provide recommendations, including possible variations.
These can help educators to effectively foster active learning of concepts and their relations in their
classrooms.
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1 Introduction

Programming courses emphasize practical problem-solving projects and coding exercises. At
the same time, students are exposed to and put to practical use a wide variety of interrelated
concepts. However, these concepts often need additional and adequate emphasis to counter
the risk of a shallow understanding of them and their mutual relations. One way is to
promote active reflection and discussion about those concepts and their connection in class.
This experience report presents a learning activity that fosters conceptual thinking to counter
surface learning and promote deep learning about concepts identified as necessary for the
course’s intended learning outcomes (e.g., [12]). To that end, the teacher identifies a set of
concepts and challenges the students to create their concept maps by establishing significant
relations between those concepts in a (graphical) concept map. Here, the concept map is
seen as a simplified ontology, as it also forces students to investigate and learn the meaning
of the concepts to describe their mutual relations, thus achieving a simultaneously specific
and holistic understanding of them. However, as formal descriptions of concepts and their
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mutual relations, ontologies are often exhaustive, hence quite complex, and around a specific
area. Therefore, the respective reference tools are also complex (e.g., [21]) and do not
provide a quick and straightforward way to build even simple ontologies. Here, we propose a
learning activity using simple textual language to describe relations between concepts, from
which a graphical representation is automatically generated. This is very significant for the
activity’s effectiveness, as we have observed that this fact generates a subtle but effective
wow effect that promotes engagement and motivation around a topic that can easily be seen
as uninteresting, unimportant, or both.

The tool that allows the graphical representation is freely and readily available on the
web with no need to install software locally: it can be used on any machine where a browser
is available, including mobile devices [6, 4, 5]. The activity was applied in an introductory
course on object-oriented programming, a subject matter where students struggle with
numerous complex and strongly interconnected concepts. Although the tool’s nature could
probably make it more attractive to computer science students, its ease of use suggests that
it can be suitable for any topic, even outside computer science.

In the following section, we give the background and motivation for the key concepts,
namely ontologies, concept maps, and their relation to the reported activity. Section 3
presents related work, and Section 4 the context where the activity was applied. Section
5 details how the activity was conducted and includes some lessons from our experience
applying similar activities. Section 6 presents and discusses the observed outcomes based on
in-class observation and a student survey. Finally, Section 7 provides several recommendations
allowing possible activity variants and concludes.

2 Background and Motivation

An ontology is a concept with its origins in Philosophy, where it was “coined in 1613,
independently, by two philosophers, Rudolf Gockel (Goclenius) in his Lexicon philosophicum
and Jacob Lorhard (Lorhardus) in his Theatrum philosophicum” [23]. It seeks a definitive
and exhaustive classification of entities, including the types of relations that tie them.

From an engineering perspective, ontologies are design artifacts used to describe knowledge
and support knowledge-sharing activities. In this sense, their use in several areas became a
trend, as testified by the many articles citing seminal work (e.g., [7] with more than thirteen
thousand citations). Ontologies gained such widespread popularity that they are now defined
in an international standard for vocabulary in systems and software engineering: “ontology.
(1) logical structure of the terms used to describe a domain of knowledge, including both the
definitions of the applicable terms and their relationships (ISO/IEC/IEEE 24765i:2020)” [11].

The above definition includes the need to define the applicable terms. Hence, in brief, an
ontology becomes a set of defined terms and their (defined) relationships.

The term “ontology” is not as common in the education literature as “concept maps,”
“concept mapping,” or even “knowledge map”. In 2006, Nesbit and Adosope [18] estimated
that “(...) more than 500 peer-reviewed articles, most published since 1997, have made
substantial reference to the educational application of concept or knowledge maps.” This may
be related to the genesis of “concept mapping,” as it has emerged “inside” education research,
namely to study changes in students understanding of science concepts along twelve years
of schooling [19]. However, concept maps, although not so formally defined and discussed,
can be seen as a simple way to create ontologies where the “concepts” are the “terms” and
the “map” establishes the “relationships” among “concepts.” In our reported activity, the
used “concept maps” are more straightforward and shorter because the definitions for the
“concepts” are not mandatory. However, students must still know enough about each concept
to create meaningful relations among them.
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More significant for our work is the fact that “conceptual mapping” is an effective learning
activity: the already cited meta-analysis by Nesbit and Adosope [18] concluded that “(...) in
comparison with activities such as reading text passages, attending lectures, and participating
in class discussions, concept mapping activities are more effective for attaining knowledge
retention and transfer.”

By promoting deep learning of concepts, our reported activity can easily allow for the
identification of students’ misconceptions, a common topic in the literature (e.g., [14],[13],[22])
and provide a basis for a new form of “misconception-driven-feedback” [8]. In [14], formal
interviews were used to identify misconceptions; in [13], the objective was to validate a
methodology for building a concept inventory dedicated to OOP; in [22], multiple-choice-based
questions were used to identify misconceptions. The activity we report in this paper allows a
quick, in-class, collaborative identification of misconceptions in any domain or subdomain
with the added anecdotal benefit of directly promoting learning and being more engaging than
a traditional assessment element such as a multiple-choice or oral exam. Additionally, the
reported activity also provides a tool for assessing and identifying incomplete and inconsistent
student mental models, another significant problem (e.g., [17]).

While promoting critical and conceptual thinking, the created concept maps also offer
an index and a structured map of the concepts students have to know and apply. Hence,
they provide a “structural view” (concepts and relations) that complements the “behavioural
view” (coding), where students spend most of their time.

Finally, students creating relations between concepts can also be seen as a direct applica-
tion of constructivism, a theory of learning that claims that students construct knowledge
rather than merely receive and store knowledge transmitted by the teacher[2].

3 Related Work

In a literature survey on the use of ontologies in education, the authors identify numerous
uses, but primarily for describing learning domains [24]. Surprisingly, the authors go to the
point of asserting that “While developing ontologies, one must use a programming language.”
Thus, they somehow impose the use of computer support for creating ontologies. They
identify several types of ontologies and the methodologies used to define them. The authors
also present an overview of existing systems that use ontologies in the education domain. In
that context, it is easy to find papers proposing ontologies for one or more domains in the
education area. In the area of programming, one focus is the languages themselves (e.g., [15]).

Also, there are numerous cases of using concept mapping and concept maps as part
of learning activities (e.g., [1]). However, it is important to stress that concept map is
a term nowadays usually associated with the work by Novak in the 70s (e.g., [25]) for a
specific method to represent knowledge by relating concepts. More specifically, “concepts
are arranged hierarchically with the most general, most inclusive concept at the top, and
the most specific, least general concepts toward the bottom.” (in [20]). Novak and Canas
claim that “Concept mapping was invented in 1972”. However, it seems clear that concept
mapping can be seen as part of what an ontology is, as presented in the previous section:
“classification of entities including also the types of relations that tie those .”In fact, we also
used the name “concept map” to better explain to students what they were going to create:
they map concepts to other concepts to build a simple ontology. We also alert them that, in
the literature, the name “concept map” is frequently used for a specific way to map concepts.

Unlike previous works, our approach is based on a freely available tool that automatically
generates graph layouts from textual descriptions. This automation streamlines the creation
of concept maps, increasing student engagement and motivation. Additionally, automatic
graph layout generation from text is a compelling topic in itself, particularly for computer
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science students, some of whom have expressed interest in applying the tool across courses.
We provide detailed instructions and variations for the activity, enabling teachers to adapt it
to various contexts.

4 Context

The reported activity was applied in 2022/2023 in an introduction to object-oriented pro-
gramming course. The course is offered in the second semester of a three-year computer
science bachelor’s degree program at a small university with around three thousand students
in total, of which around two hundred are in the computer science program. It is a second
course on programming as the students already have a first course in the first semester.
However, students may have failed the first course and still try to do the second, as allowed.
The present article reports the activity conducted with the students in the 2022/2023 course
edition. This activity already integrated some lessons learned in previous applications of
similar activities in 2021/2022. These lessons are presented in Subsection 5.2.

5 Concept map creation activity

This section describes the activity as applied in the 2022/2023 course edition. As already
stated, this incorporates lessons learned in previous applications in 2021/2022, which were
briefly reported elsewhere [anonymized]. This first subsection should provide enough infor-
mation to allow educators to reproduce the activity in their courses. The second subsection
presents lessons learned from the 2021/2022 edition that motivated some changes in the
2022/2023 edition.

5.1 Application

The reported activity was designed and applied as an in-class face-to-face activity. Neverthe-

less, with minimal modifications, it can surely be applied in synchronous remote classes and,

with minor changes, even as an asynchronous remote activity. The activity steps were the
following:

1. The motivation for the activity is explained to the students, namely the importance of
learning the concepts and their relations;

2. The GraphViz online tool [6, 4, 5] is briefly presented by explaining the given base
description and how it quickly and automatically generates the respective graph; the set
of concepts related to previously studied contents are presented as nodes in the graph;
the syntax to define relations between concepts is also exemplified;

3. Each student is given 20 minutes to create a graph relating concepts that, for the sake of
simplicity, we call a “concept map”;

4. Each student gets together with another colleague to create an improved concept map;
another 20 minutes are given;

5. Each pair of students gets together with another pair to create an even better concept
map; each group is given an additional 20 minutes to create an improved concept map;

6. Each group of four publishes, in a shared document, the resulting concept map for all to
see;

7. The teacher presents and discusses with the class one or more of the shared concept maps.
In step (1), the teacher notes that students have already used and applied numerous

concepts that should be better understood. To that end, they must search for and relate the
definitions, thus creating their own concept map. In this way, they should better understand
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those concepts and their mutual relations. Regarding step (2), the teacher presents a slide

with the link and the respective QR code to the start graph in the online tool (see Fig. 1).

The graph layout automatically generated is presented in the center of the slide. A giant
QR code (omitted in the figure) is presented to facilitate students accessing the start graph
in the online web tool. The concepts to be related are already presented in the context

of the tool to be used, more specifically in the listing on the left side of the slide in Fig.

1. For readability purposes, the listing is also presented after the figure. In this example,
the specified graph is directed (digraph) (arcs are “one side arrows”). Nodes are shaped
like ellipses. Those nodes are the concepts the students should relate: value, variable,
constant, ..., operator. Then, four examples of arcs are also presented. As the syntax
is straightforward, for each new relation, students only have to copy and paste one of the
lines 22 to 25 and change the node names and the parameter label to assign the intended
meaning to the relation.

What are we going to do?

Start from the graph in https:/linkTostartGraph and add the relations you
find adequate between the concepts already there.

QR Code

Figure 1 Introductory slide.

digraph G {

{ node [shape=ellipse]

value

variable

constant

function

procedure

method

class

object

parameter

formal parameter

actual parameter

expression

type

primitive type

data type

operand

operator

}

// to correct and complete

class -> object [label = "source_of"]
parameter -> class [label = "has_a"]
value -> value [label = "uses"]
procedure -> function [label = "is_a"]

¥
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Fig. 2 presents the graph layout generated from the description. It shows the concepts as
graph nodes (ellipses) and the four relations as directed arcs.
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Figure 2 Start graph layout.

The concepts are nodes in the dot description language, and, in the end, a set of four
relations is presented. These are guaranteed to be syntactically correct but not semantically,
as students are asked to correct and complete them. For example, in line 27 of the presented
list, a procedure is (wrongly) defined as being a function. The teacher exemplifies how
students can quickly create new relations by copying and pasting one of the relations in
the last lines of the listing and changing the names. Next, the teacher follows the link and
exemplifies some changes to the graph description so that students can see the immediate
generation of the graph layout.

In steps (3), (4), and (5), the 1-2-4-all method [16] is applied to guide students in
producing their concept maps: first individually, then in pairs, and finally in groups of four,
students create graphs that relate the given concepts, thus creating their concept maps that
are then shared with all. From our experience, it is essential to briefly explain the four
method stages, with the help of a slide (see Fig. 3), and also that students know, all the
time, the stage they are in (individual, pairs, or groups of four). For that reason, one slide
with a countdown timer is used for each stage. Fig. 4 shows the slide for the first stage (the
individual work one). It also includes a link to the shared document and the start graph.

Step
20 minutes 20 minutes 20 minutes _
Individual Group of 2 Group of 4 Publish

Figure 3 Slide for presenting the 1-2-4-all method to students.

Individually create a concept map
that relates the concepts in
linkToStartGraph (moodle). You
have 20 minutes to make your map oo QR Code

https://linkToStartGraph

Feedback in shared document

https://linkToSharedDocument

QR Code

Figure 4 First stage slide.
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Next, in step (6), each group shares (anonymously if they prefer) the result with the class
in an online document. This document remains accessible as the result of the class activity
and can be consulted any time after, in, or outside class.

Finally, in step (7), the teacher chooses one or more concept maps and discusses their
contents with the class.

5.2 Lessons learned and practicalities

Preliminary versions of the presented activity were applied in the 2021/2022 academic year,
together with a closely related activity: the presentation of a ready-made concept map. From
those applications, some observations were made, and some lessons were learned:
With no rule for collaboration, most students were quite individualistic, and collaboration
was minimal;
One student complaint they had too much time alone to create the concept map;
Besides the tool’s simplicity, some students asked for a brief explanation of its functioning;
Some students asked for an exemplary concept map made by the teacher to be studied
after the activity.

The activity here reported already incorporated the following strategies to answer the
above points: regarding (1) and (2), students now start individually but then proceed in
pairs and groups of four; regarding (3), the teacher gave a brief explanation about how to
use the tool; regarding (4), the teacher provided an exemplary concept map after the activity.
The following section presents the results of the reported activity as applied in the academic
year 2022/2023.

6 Observed outcomes

This section presents the results as students’ perceptions. These were collected in two ways:
(1) in class, along the activity, students were randomly and informally asked about their
opinions, and the teacher observed their performance; (2) a post-class questionnaire was
applied to all 70 students in the activity and 42 students responded.

6.1 In-class observation

No significant difficulty was observed throughout the class, as no student felt impeded from
proceeding. There were just a few questions about what was allowed as relations, primarily
due to a lack of attention to the initial explanation and because some students wanted to
create additional types of relations, e.g., using bidirectional arcs. Most students were very
engaged, and one reason was the wow factor associated with observing the automatic graph
layout generation after each change in the textual description.

Students vocalized a few opinions along the activity execution that we list next:

For learning, it is also useful to compare the created concept maps with other concept

maps at the end of the activity; only the creation would be insufficient;

To see an exemplary solution would be very useful;

One previous solution is not so useful, but it can be helpful to better understand what

the objective is.

As students were given the possibility to create new relations (new labels in arcs), most
did it. At the end of the class, the teacher’s perception was that all students had found the
activity very positive and helpful.

77

ICPEC 2024



7:8 Promoting Deep Learning Through a Concept Map-Building Collaborative Activity

6.2 Student Survey

After the classes, all 70 participating students were invited to fill out a short questionnaire.
We got 42 answers: 30 were first-time students, and 12 were repeating students. In an online
questionnaire, they were asked to grade the following four assertions on a scale from 1 (totally

disagree) to 10 (totally agree):

1. “It is useful to see and discuss a concept map in class.”;
2. “It is helpful to have concept maps for studying outside class.”;
3. “Concept maps with other sets of programming concepts can help understand them

better.”;

4. “The concept map was asked to be done in three sequential steps: individually, in pairs,
and groups of four. That method is something to repeat.”.

The survey results are presented as stacked bar charts in figures 5a, 5b, 6a, and 6b.

[ I I I I T T T T

[ First time .
15
[ Repeating

10 -

12345678910

(a) Results for the assertion “It is useful to see
and discuss a concept map in class.” 1-totally
disagree to 10-totally agree.

Figure 5 Grading usefulness and helpfulness.
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(a) Results for the assertion “Concept maps
with other sets of programming concepts can
help understand them better.” 1-totally disagree
to 10-totally agree.

Figure 6 Other concepts and process.
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(b) Results for the assertion “It is helpful to
have concept maps for studying outside class.”
1-totally disagree to 10-totally agree.
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(b) Results for the assertion “The concept map
was asked to be done in three sequential steps:
individually, in pairs, and in groups of four.
That method is something to repeat.” 1-totally
disagree to 10-totally agree.

In all four, the most frequent answer was “totally agree.” Also, there is a clear agreement
with all four assertions. Students’ opinions varied more regarding the usefulness outside class
but still had a very high level of agreement: only 10 in 42 graded it between 1 and 5.
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Regarding the fourth assertion, about the applied method, two students answered “totally
disagree”: as made clear in their open answers, the first-time student stated a preference
for an unrestricted number of students in the groups; the repeating student mentioned a
timetable overlap with another class, a clearly unrelated motif.

In the same survey, students were also given the (optional) opportunity to leave some
free comments about the activity. Next, we list the comments:

“In my opinion, all the results obtained should be discussed to take the best possible

advantage.”;

“I think it’s a very good method, it helps a lot those who do not feel very comfortable in

the area to become more interested.”;

“Do more activities in class to encourage students to interact with each other.”;

“I think we should have more similar classes, we really lack communication in the classroom,

and group classes bring a different dynamic to the classes and to our own way of learning.”;

“It would be important for the teacher to show a map made by himself in order to be

able to compare the maps developed by the students.”;

“It’s great. We should do it more often.”.

The main suggestion by students was for the teacher to make available an exemplary
solution so that they could compare it with their own. This is probably due, at least in part,
to the fact that this is not an exercise that they can “run” and check if it is correct, as they
are used to when programming.

Next, we present some main recommendations, most of which are optional additional
steps in the activity application.

7 Limitations

The current study has several limitations that should be acknowledged. First, the sample
size was relatively small, with only 30 first-time and 12 repeating students participating in
the study. These numbers may limit the generalization of the results, as the sample may
not be representative of the broader student population. Additionally, a long-term follow-up
assessment is needed to determine the sustained impact of the proposed activity on students’
learning outcomes. Future research should replicate this study with a more extensive and
diverse sample and incorporate long-term follow-up assessments to evaluate the enduring

effects of the activity.

8 Recommendations and Conclusions

The reported activity was applied in two 100-minute classes. However, with more class
time or reducing the time for each stage, several additional sub-activities can be conducted
to boost the activity objective. Here, we list the ones we have identified as potentially
interesting. Some result from additional reflection after applying the reported activity and
listening to students’ opinions. Others were identified initially but left out due to timing
constraints. In any case, the addition of one or more of the presented sub-activities will
probably promote the activity objective. Time seems to be the only significant restriction to
their application. Next, we present the identified sub-activities grouped in three contexts: (1)
before the class where the activity will take place; (2) during the activity itself; (3) after the
presented in-class activity, but still in class; (4) as autonomous work, after the class where
the activity took place.

7:9
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1.

2.

Before the class where the activity will take place

Videos about concepts. Make available one or more videos about the concepts and
reward comments students make to those videos or to the colleague’s comments. A
platform like VideoAnt [9, 3], or a simple online forum for this specific task can support
this ;

Videos about GraphViz online tool. If more sophisticated relations are going to be
asked, then one or more tutorial videos about the GraphViz online tool and the
dot language may also be made available before the in-class activity;

Initial quiz. Answering some questions about the concepts before the activity can be
useful for the teacher as a diagnostic assessment and for the students as a formative
assessment;

Individual stage before class. The individually created concept map can be done as a
pre-class exercise, leaving class time for group work and thus increasing collaboration
time;

Exemplary concept maps. To better clarify the intended activity object and objective,
one or more exemplary concept maps relating different but well-known sets of concepts
can be given in advance;

During the activity itself

Add concepts’ definitions. Strictly speaking, each ontology should include the concepts’
definitions; here, we assumed students searched those definitions so that they could
relate them, but we did not mandate them to include those definitions; however, this
can be easily achieved by adding, in the dot description, links to webpages containing
the student’s definition of each concept;

Closed set of relations. Instead of letting students create new relation types, students
may be asked only to use the given set of relations types; this has the advantage
of allowing an easier measuring of outcomes, which can also simplify comparability
and grading; in fact, the use of distinct and closed sets of relations and concepts can
provide a useful formative assessment tool based on the observation and recording of
students doubts, difficulties, and achievements;

3. After the presented in-class activity, but still in class

Public presentation. After the groups publish their ontology in the shared space, a
speaker from each group can be asked to present the group’s work;

Comments on the presentations After each presentation, all the students and the
teacher can provide comments and discuss the merits and pitfalls of the presented
ontology, thus providing an additional opportunity for clarification and discussion;

Improvement after presentations. The groups can be allowed to improve their concept
maps based on the received comments from all students and the teacher; the comments
can be oral or written, and their quality graded by the teacher or students as a reward
and incentive;

End of activity quiz. Especially if an initial quiz was done, an end-of-activity quiz can
be useful for the teacher and for the students as a formative assessment to answer some
questions about the concepts and compare the result with those in the initial quiz;

Discussion about an exemplary concept map The teacher presents and discusses a con-
cept map of his own with the students.

4. As autonomous work, after the class where the activity took place

Commenting a concept map. After the synchronous class, the teacher makes available
a concept map of his/her authorship for the trainees to comment on; this can be
supported by a specific tool (e.g., [10]) or by an online forum.
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In the reported experience, the presented activity was perceived as valuable by the

students and the teacher as a way to actively foster the deep learning of concepts and their
relations in an introductory object-oriented programming course. Using a free online tool to

automatically generate graph layouts significantly accelerated and simplified the creation of
the graphical representation and promoted engagement. Its simplicity should allow the use
of the activity in many other courses, including outside computer science.
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