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Abstract. Educational laboratories are flexible environments that allow learn-
ers to learn by practice, fostering their creativity, learning awareness, and col-
laboration with peers. Bringing these laboratory environments to an online
setting is both challenging and necessary, particularly nowadays, when a sig-
nificant part of learning takes place in online settings. Educational laboratories
are well-suited places for learning to code, which is stated to require a great
effort from learners, especially for non-STEM learners. This paper presents the
design, development, and evaluation of CodeLab, a laboratory-based platform
for learning to code through practice. A user-centered design approach was
carried out, making learners active members of the design process through
different design methods. As a result of two design iterations, CodeLab provides
an integrated practice environment with a learning path based on a list of
challenges and activities. Learners solve these activities and engage with their
learning process by being aware of their own progress. The tool conveys a
laboratory experience to non-STEM learners, fostering their practice skills,
assessment, and autonomy.

Keywords: Design - Interaction design - User-centered design * Learning
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1 Introduction

Educational laboratories are flexible and multidisciplinary spaces where knowledge is
built through social interaction and experimentation. In these spaces, students’ cre-
ativity, self-training, and self-management are fostered, and the learning process is
expanded to the educational community, developing and sharing learner’s creativity
with peers. Thus, a laboratory is an ideal place for testing and experimentation to learn
from mistakes and acquire learning by practicing skills and learning by doing [1].
Currently, a relevant part of learning takes place in online settings. Therefore, there
is a need to provide the learning community with an online laboratory that brings face-
to-face laboratory’s strengths to an online learning environment. However, although
online learning has multiple advantages, it can sometimes lead to a disconnection
between learners and teachers, promoting isolated and individual work. Designing and
developing an online laboratory is a significant challenge that requires a deep under-
standing of users’ needs and making them active participants in the design process to
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create an environment that provides them with a good user experience and satisfaction
to foster learners’ engagement.

Learning to code is known to require a lot of practice [2, 3] since learners need to
acquire coding and computational thinking skills and not just knowing the syntax of a
particular programming language [3, 4]. In response to the requirements of the learning
by doing approach [1], students need to monitor their learning process to direct, correct,
and think deeply about their coding errors and solutions [6]. In such a challenging
learning process, social interaction is also an essential component that allows students
to share their knowledge, experiences, and questions with their peers and teachers
while they are coding.

Given this major challenge of learning to code, continuous practice appears to be a
viable approach to facilitate the learning process. In this respect, a laboratory-based tool
becomes an essential tool to support the learning process in online settings.

CodeLab is a project that aims to create an online laboratory, offering students a
workspace to practice, promoting the interaction between peers that occurs in a face-to-
face laboratory, and fostering the awareness of their learning progress [6]. To do so,
these key features were integrated into the same interface, providing students with a
laboratory experience where they can easily access (1) learning content and activities,
(2) progress and assessment feedback, (3) coding console, (4) execution and visual-
ization and (5) a place to interact with other learners and teachers. From the instructors’
perspective, CodeLab is expected to offer teachers an environment to keep track of
students’ activity and learning process and to provide feedback during the course.

CodeLab project follows a human-centered design (HCD) approach that aims to
involve users in all phases of the design process [7] through an iterative process. This
design approach is especially useful when designing interactive technologies [8] and
technology-enhanced learning (TEL). Involving users in each step of the process, rather
than waiting until the product is completed [9], helps to align the final product with
users’ needs and characteristics, which leads to a good learning experience [10].

This paper is organized as follows; the state of the art of learning to code by
practice is presented in Sect. 2. Section 3 presents the approach to design and develop a
learning tool to practice. The implementation and the evaluation of this tool are pre-
sented in Sect. 4. Finally, in Sect. 5, the conclusions and future work are discussed.

2 The State of the Art

As mentioned above, educational laboratories provide learners with a flexible envi-
ronment for learning through practice, fostering creativity, learning awareness and
interaction with peers and teachers. Recreating this favorable situation in an online
setting can be very challenging. Commonly used learning management systems
(LMS) provide a set of tools and features to scaffold the learning process, but in general
they are mainly oriented to the acquisition of content than to the promotion of practice-
based learning [11]. Technology-enhanced learning (TEL) research is trying to address
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the need for more active and engaging online learning environments by proposing
several tools and platforms for autonomous learning through practice [12—14]. Such
tools are key elements for the design and implementation of online learning
laboratories.

Literature is abundant on how challenging it can be to learn to code and the great
effort students have to make during the learning process [15—18]. It can even be more
challenging when those who have to learn to code are non-STEM students. Schachman
[19] describes these students as “alternative programmers” since they do not identify
themselves as programmers, but they need to program to achieve some of their goals.

Programming is widely understood as a creative and collaborative process between
programmers and machines [19]. Thus, learning to code is not only about acquiring
specific knowledge of the syntax but also about acquiring specific skills [20]. Among
these skills, problem-solving is one of the most relevant ones [21], making students
understand the context, identify key information, and plan to solve the problem [22,
23], emphasizing the ability to solve it by cooperating with their teachers and peers [24,
25]. Furthermore, time management is also a crucial skill that allows students to plan
the use of time and the stages during the learning process [24, 26]. To acquire these
programming and general skills, programming courses are generally characterized by
providing students with many activities to practice coding intensively [27]. Students’
autonomy is crucial during this learning process since students need to learn to decide
what is essential to succeed in their learning goals [28, 29].

Considering this need to practice intensively and how challenging it can be to learn
to code to non-STEM students, it makes sense that these students might sometimes feel
overwhelmed. In this context, student engagement takes on a significant relevance in
their learning process. Engagement is understood as how actively students are involved
in activities [30, 31], and there is stated to be a close connection between students’
engagement and the interactions between learners, teachers, and the learning envi-
ronment [32, 33]. The learning platform plays a key role in an online course since it
becomes the place where these interactions occur [34].

Given the importance of the learning platform in an online course, it makes sense to
focus efforts on designing a useful and easy-to-use platform. In this regard, Davis
remarks in [35] the connection between the level of perceived usefulness and the user
behavior and intention to use it. In other words, the easier it is to use a platform, the less
effort it will require from the users, making them more likely to accept and use it [35—
37].

A human-centered design approach facilitates users to have a satisfactory first
experience with the program and makes them willing to keep using it [9]. Interface and
interaction design may also facilitate users to feel comfortable with the platform and its
interface [38]. Interface takes on particular relevance on a platform to practice to code
since there is a direct link between how programmers work and the design of the
platform’s interface [19]. In this regard, discrepancies between how users and software
designers understand the platform are inevitable [19]. However, being some of these
discrepancies seen as the root of usability issues [39], it is important to design a
satisfactory user experience, focusing on the interface design and its usability.
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According to what has been exposed above, several design goals (DG) are iden-
tified to provide non-STEM students with a learning tool to practice coding that allows
them:

DG1. to practice autonomously solving provided activities,
DG2. to split the activities into pieces,

DG3. to be aware of their learning process,

DG4. to communicate with their teachers and peers.

Next section details how these design goals were addressed through later stages of a
user-centered design process, involving different types of users in the process through
different design methods.

3 CodeLab Tool

CodeLab was conceived as a learning tool to promote learning through practice in an
online laboratory setting. The tool provides non-STEM students with a platform that
allows them to practice coding autonomously and collaboratively with their teachers
and peers. The tool allows teachers to follow each student’s particular learning progress
and provide support. The interface was designed to foster student’s exploration and
discovery. According to Schachman [19], alternative programmers drive their work by
feelings, intuitions, or emotions. Thus, CodeLab provides students with a list of
activities for each challenge, where they can find assessment, recommended and
complementary activities. These activities are shown with no visual-hierarchy
difference.

3.1 Design Process

CodeLab was designed, developed, and evaluated through a user-centered design
(UCD) approach, following the principles and phases of the ISO 9241-210 human-
centered design process [40]. This is an iterative process divided into four main phases:
(1) understand and specify the context of use; (2) specify the user requirements in
sufficient detail to drive the design; (3) produce design solutions which meet these
requirements and (4) conduct user-centered evaluations of these design solutions and
modify the design taking into account the results. As Fig. 1 shows, different design
methods and tools were used in each phase of the project during the first two iterations
presented in this work.
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Fig. 1. Design process and methods.

As introduced above, the first phase of the design process focused on understanding
the context and gathering information about the users. In this case, the final users are
divided into two groups: non-stem students and teachers. This exploratory phase also
aims to generate ideas, searching for diverse concepts and alternatives [41]. With this
purpose, a collaborative workshop was carried out based on a design thinking process.
As a starting point, two user personas were created to emphasize with the final user [42]
and to understand these users’ needs and goals that had to guide the design process
[43—45]. During the two iterations of the UCD process, different methods that were
used are described below:

Empathy Map. The empathy map (EM) method is an essential tool of a user-centered
design approach [46]. Through an EM, people involved in the design process can
understand, emphasize, and internalize a specific person’s experience while using the
product or service [47]. In this case, the updated version of Gray’s initial EM was used,
which consists of six areas: (1) See, (2) Say and Do, (3) Think and Feel, (4) Hear,
(5) Pain, and (6) Gain [48].

It should be highlighted that most of the pains identified were related to the feeling
of loneliness that a student might feel while learning to code in an online learning
setting. Furthermore, they might feel that they have to make a great effort to achieve the
goals and learn to code. On the other hand, the gains were related to their satisfaction
with the results and the desire to share them with others.

User Journey. A User Journey (UJ) is a useful tool when a system is being developed
from scratch [49]. A UJ aims to show, step by step, the interaction that users do while
using the service or the product, describing emotions and reactions in each touchpoint.
UJ usually considers the interaction that occurs before, during, and after using the
service [50]. In this project, two UJ were built, focused on students and teachers (Fig. 2).
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Fig. 2. Students’ User Journey created during the co-creation workshop

Each UJ arose some specific opportunities that CodeLab could bring. From the
students’ perspective, four initial opportunities were identified: (1) a bar to show the
learning progress of the student, (2) exercises tagged by type and difficulty, (3) a space
to communicate with teachers and peers, and (4) a space to provide feedback. On the
other hand, from teachers’ perspective: (5) notification widget, (6) import and write
new exercises, (7) Statistics to identify the most common errors, (8) provide enriched
and contextual feedback.

Blueprint. A UJ can be implemented with a blueprint method. This method adds more
detailed information to the user interactions, identifying the artifacts that need to be
developed to provide a good user experience [51]. Some artifacts and features were
listed to be integrated into the CodeLab tool.

Prototypes and Minimum Viable Product. A Minimum Viable Product (MVP) can
be understood as an experimental object that enables designers and developers to
empirically test the value hypotheses [52]. That is, a tool to collect users’ feedback to
improve the product or service [53]. Thus, this MVP must address the needs of the core
group of users [54]. Taking into account the outputs of the methods mentioned above,
different prototypes were built. Prototypes evolved from wireframe to mockups, and
finally, a navigational prototype was designed. This navigational prototype ended as a
MVP that was internally evaluated by experts.

The second iteration of the process was based on the results of the first one. First,
the user personas defined in the previous iteration were redefined. As a result, two
different archetypes of learners were identified and defined (Fig. 3).
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Fig. 3. The second version of the User Persona.

During the first iteration of the design process, the need to provide a broader view
of the student experience was identified, from the information gathering phase to the
completion of the course. In this regard, a new UJ was built, taking into account the
five phases that a UOC student follows. In each phase, different touchpoints were

identified (Table 1).

Table 1. Phases and touchpoints of the second UJ.

Phase Touchpoints

Course registration | Course information, recommendations

Onboarding Welcome, learning plan, and study guide

Methodology Syllabus, learning resources, tools and programming environments
Support Communication, mentoring

Evaluation Evaluation criteria, feedback

In addition to the specific design opportunities identified, through the two iterations
described above, it was also possible to identify a set of findings (F) about the students’
main concerns in the whole process that they carry out during the course. These
findings are listed below:

¢ F1. Students think the course contents and skills to be acquired are too complicated
and sometimes do not know how to get started
F2. Students miss being able to practice in the company of their teachers and peers
F3. Students perceive an excessive workload, and it is often difficult to organize

themselves

¢ F4. Students are overwhelmed by the frequency of activities submissions and find it
difficult to organize their work
e FS5. Students perceive an excessive workload, and it is often difficult to organize

themselves
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e F6. Students feel that it is difficult to communicate with their peers and the teacher
due to the high number of students
F7. Students believe that the forum of the course is underutilized
F8. Students feel they cannot make enough progress as they do not have direct
feedback.

3.2 Conceptualization and Design

During the first phases of the design process exposed in Sect. 3.1 and the literature
research presented in Sect. 2, different findings (F) and design goals (DG) were
identified. In the generation phase of the project, design features (DF) were set, taking
into account the findings and design goals (see Fig. 4).

Findings Design Goals Design features

Fig. 4. Relation between findings (F), design goals (DG) and design features (DF).

These design features (DF) are detailed below:

DF1. Laboratory-Based Environment. Providing students with a platform to prac-
tice programming follows the idea of providing them with a programming laboratory.
However, mirroring the dynamics that occur in a face-to-face laboratory to an online
environment can be challenging. The CodeLab experience is designed to give learners
a feeling of being in a face-to-face laboratory, where they can practice while interacting
with their teachers and peers. Thus, the workspace organization and design are a crucial
feature to be addressed. In this regard, CodeLab’s interface brings together diverse
elements that a student might expect from a practice lab (see Fig. 7): (1) a contextual
navigation with information about the exercise, (2) information about the progress,
(3) an area to write code, (4) an area to visualize code execution, and (5) an area to
share the experience with peers and teachers. Even so, it is important to allow learners
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to adapt the interface to their needs at any given moment. Thus, CodelLab’s pro-
gramming screen is designed to be adaptable to the students’ needs, being able to
minimize some of the previously mentioned areas (see Fig. 5).

- o — - SE—

Contextual navigation

Progress and annotations

©)

Console.

()

Canvas.

()

CodeLab

Controls

Contextual navigation

Progress and annotations

Canvas

Fig. 5. Lo-fi wireframe of CodeLab’s programming screen.

DF2. Challenges and Activities. Learning to code is not just about doing specific
activities. The acquisition of programming skills might transcend the fact of solving
individual activities and be based on practicing a group of them. In this regard,
CodeLab classifies activities into different challenges designed by teachers. These
challenges ensure that students will get the knowledge when they finish them. Fur-
thermore, the platform must be sufficiently flexible to allow students to guide their own
learning process, allowing them to go into more or less depth on the topics they find
necessary. In this sense, it was decided to provide all the activities in each challenge
openly and not to block some of them depending on the evolution of the student,
fostering their autonomy.

However, in order to facilitate a learning path to students, activities are classified
according to two different criteria: difficulty and type of activity. First, teachers indicate
difficulty in the three-point Likert scale, one of the easiest and three most difficult ones.
Secondly, in order to balance the autonomy and the assessment of their studies,
exercises are also tagged to whether they are “recommended”, “complimentary”, or
“assessment” (see Fig. 6).

Activity Difficulty Type
1. Name of the activity - Name of the Challenge ® OO0 (c]
2. Name of the activity - Name of the Challenge [ X NO) (e
3. Name of the activity - Name of the Challenge ® OO0 (c]

Fig. 6. Lo-Fi wireframe of the classification of activities according to their difficulty and
typology.
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DF3. Learning Awareness. A platform focused on practicing should include design
elements that allow students to be aware of their position on the learning path. These
features were structured hierarchically, from each challenge and activities’ progress to
the course’s general progress. Regarding each exercise’s progress, a progress bar was
designed to be shown on the screen where they practice (Fig. 7). This progress bar shows
the progress of the exercise divided into different steps that have been set by teachers,
allowing students to mark their own progress and add personal notes in each step.

A Progress @ O O M|
Steps El shortexplanation 3 Short explanation [El Short explanation
of step 1. of step 2. of step 3.
Personal [l Exampleofnote  + EJ] Example of note
notes already created. already created

Fig. 7. Lo-Fi wireframes of the progress bar in the activity screen.

On top of that, students can see their general progress from the CodeLab homepage,
where they can see at a glance what their overall progress is and access each challenge
and activity directly (Fig. 8).

Communication Progress

Challenges and exercises

Fig. 8. Lo-Fi wireframes of CodeLab’s homepage.

DF4. Scaffolding and Collaboration. During a self-paced practice-based learning
process, students are expected to carry out a significant number of editing and com-
pilations before submitting the activity. At this point, it is important to mention the
educational settings where CodeLab will be used. During the course, students must
submit some assessment activities on specific dates, which are part of the continuous
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assessment grade. Thus, between these submission dates, students are expected to
practice autonomously. In some cases, students might feel that they do not receive
feedback until the task is done and submitted, making it challenging to understand the
problem [20]. In this regard, taking into account a commonly used feature in Integrated
Development Environments (IDEs), it was decided to include feedback to the students
when they compile the code, highlighting the line or lines where the error is.

4 Development and Evaluation

CodeLab was designed, developed, and implemented at Universitat Oberta de Cata-
lunya (UOC), an entirely online higher education institution based in Barcelona
(Spain).

4.1 Development

CodeLab was conceived as a laboratory-based tool potentially connectable to any
learning management system (LMS). To do that, it was developed using the IMS LTI
standard [55]. To achieve this laboratory-based environment, wireframes that were
designed emphasized the idea of providing learners with a single space where they
could find all the resources they would find in a face-to-face laboratory. Once the
wireframes were evaluated by experts (interaction designers and programming teach-
ers), they were evolved into mockups that embraced UOC’s style guide look and feel
(Fig. 9). From a technical point of view, the development of the interface is based on
the VuelS framework, the back-end is based on Java SpringBoot, challenges and
activities are stored on a MySQL database and learner progress and submitted activities
are stored on a GitLab.

[ coted e
CECO 213 random(), comptador o
(CHON

Codi i previsualitzacié

Fig. 9. CodeLab’s screen to practice coding.

As explained in Sect. 3.2, one of the key features in this CodeLab version was to
show activities classified by challenges to foster learners’ exploration. In this sense, it
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was decided to show the level of difficulty and the activity type. In addition, it was
decided to add a progress bar in each activity to facilitate students to be aware of their

learning progress. Figure 10 shows how these activities were shown after the visual
implementation.

Activity Difficulty Type Progress

11 Hello canvas o000 o

1.2 Hello World - setup() vs. draw() - Consola [ XoXe) (2] —
1.3 Hello World - setup() vs. draw() - Dibuix [ XeXe] (2] —

1.4 Coordenades 1 00 (-]

Fig. 10. List of activities in CodeLab.

Another key aspect of fostering learners’ autonomy is the progress bar shown in
each activity. This bar is divided into two parts, the first one is where the learner can
see each step of the activity and mark it as completed, and the second one is the space
where personal annotations can be made (Fig. 11).

A Progrés 0 .
— Passos de 1 Definicié de la variable 2 Assignar valor a la variable 3 Canviar valor a la variable
I'exercici Lorem ipsum dolor sit amet, Lorem ipsum dolor sit amet, Lorem ipsum dolor sit amet
consectetur adipisicing elit, sed do consectetur adipisicing elit, sed do consectetur adipisicing elit, sed do
eiusmod tempor incididunt ut labore et eiusmod tempor incididunt ut labore et eiusmod tempor incididunt ut labore et
dolore magna aliqua dolore magna aliqua dolore magna aliqua
- Notes [l No em troba la variable 00+ + [l Em déna error 1
personals 2, No se per qué no em troba la variable. + Quan la modifico no em compila
|q & lexercici.
= +

Fig. 11. Progress bar into each activity screen.

Due to the project scope, the communication functionality was postponed for the
next development iteration, and students used the classical communication channels
provided by the UOC’s virtual campus.

4.2 Evaluation

The evaluation of this functional version of the tool was based on different design
methods with different participants to evaluate the design and development of the
platform (see Table 2).

Table 2. Evaluation methods and participants.

Method Type Participants
Cognitive walkthrough Remote test Teachers and experts
System Usability Scale (SUS) | Remote questionnaire | Students

Usability test Remote test Students
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Cognitive Walkthrough (CWT). A CWT is a design method to inspect the usability
of a platform proven to be useful for identifying problems with navigation and
information search into the platform [56]. Through this method, participants are asked
to perform different tasks and answer four questions in each task [57]:

Q1. Will the user try to achieve the right effect?

Q2. Will the user notice that the correct action is available?

Q3. Will the user associate the correct action with the effect that the user is trying to
achieve?

Q4. If the correct action is performed, will the user see that progress is being made
toward the task’s solution?

A total of 6 evaluators performed 10 tasks and sub-tasks on the CodeLab platform

and answered these questions. There were three tasks with a rate of success lower than
50% (see Table 3). The feedback that participants provided in each of these tasks arose
some usability issues that needed to be addressed:

Task 2. Enter a complementary activity of the “Challenge 2’. Participants who
failed in this task indicated that it was challenging to interpret the tag that indicates
the type of exercise.

Task 2.1. Read the activity. Close the statement and open it again. All the
participants who failed this task agree that it was difficult to understand how to open
the exercise again. Some of them suggested that the icon should be more precise.
Task 4. Do steps 1 and 2 of activity 1.21. When finished, mark the progress in
the progress bar and save the activity. Some of the participants who failed in this
task explained that the steps were not visible enough and how to mark the progress
should be improved.

Task 4.1. Save the activity. Close it and go back to CodeLab’s homepage. The
main problem in this task was related to the closure of the exercises. All the
participants expressed that they did not know how to close it. Furthermore, there
was a problem when going back to the CodeLab’s homepage because some did not
know how to do it.

Table 3. Percentage of success of the tasks in the cognitive walkthrough

Task |Q1 [Q2 |Q3 |Q4

1 100 72 |75 |100
2 69.23]46.15 63.64|77.78
2.1 |75 [33.33/63.6490

3 |91.67|71.43|81.82 5833
4 75 |40 | 66.67 72.73
41 [4167/50 |50 |50

5  84.62/91.67 91.67 91.67
5.1 |83.33/83.33 83.33/91.67
52 |75 [8333/75 |91.67
53 91.67|75 |75 |81.82
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System Usability Scale (SUS). The SUS questionnaire is widely used for evaluating
the usability perceived by participants [S8, 59], providing a general overview of the
usability of the platform [60]. Participants are asked to answer 10 5 Likert-scale
questions after having used the platform [61].

The result of SUS was calculated (1) and resulted in an average score of 84.69 (see
Fig. 9), which is an acceptable score in terms of usability [62] (Fig. 12).

SUS = 2.5(20 + SUM(SUSO01, SUS03, SUS05, SUS07, SUS09) — SUM(SUS02, SUS04, SUS06, SUS08, SUS10))

()
Lot

P2 P3 P4 P5 P6 P7 P8
Participant

Score

Fig. 12. Results of the system usability scale

However, since the SUS method was designed to be an additional method to
complement objective methods [63], remote usability tests were also performed with
users.

Remote Usability Tests. A total of 8 students were asked to perform 6 tasks and sub-
tasks on the CodeLab platform. During this test, the moderator asked the participant to
carry out predefined tasks on the CodeLab platform. This process was captured to be
later analyzed quantitatively and qualitatively. Firstly, two of the metrics proposed by
Harrati et al. in [59] were used: Completion rate and task duration. Secondly, the
moderator took notes about the reactions and comments of the participants while
performing the task. The tasks are listed below:

e Task 1. Enter the CodeLab tool with your user and password. Take a look at the
first page. Open the recommended activity named “Activity 1” and go back to
CodeLab’s homepage.

e Task 2. Enter the complementary activity named “Activity 2 — Automats”. How
would you close (hyde) the activity statement? Once it is closed, how would you
open it again?

e Task 3. Solve activity 1.5b. Save it and be sure it has been appropriately saved.

e Task 4. Solve steps 1 and 2 of activity 1.21. When finished, mark the progress in
the progress bar and save the activity. Go back to the home page.

e Task 5. Enter again activity 1.21 and add a comment.

e Task 6. Do the two last steps of exercise 1.21 and check that it works. Mark it as
completed Do the two last steps of activity 1.21 and check that it works. Mark it as
completed and save it.
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Results showed that 50% of the tasks were finished by all the participants (see
Table 4). Taskl, Task 2 and Task 4 did not achieve a 100% completion rate. Task 1
was finished by 50% of participants, and most of the participants had problems when
trying to go back to the CodeLab homepage, which made them fail the task. Fur-
thermore, 37.5% reported difficulties understanding the type of the activity. Task 2 was
completed by 75% of participants, 25% who failed did not know how to see the
statement of the activity when closed. Lastly, Task 4 was completed by % of the
participants, 37.5% of them did not pay attention to the exercises’ steps and did not see
them until the moderator indicated where to find them.

Regarding the average time they spent on doing the tasks, no issue was identified
since those tasks that took more time were the ones where participants had to do a real
activity.

Table 4. Performance of each task in the test with users.

Task | Completion rate (%) | Average task duration (mm:ss)
1 50 01:53
2 75 01:20
3 100 04:36
4 62.5 07:01
5 100 01:23
6 100 02:16

5 Conclusion and Future Work

This work presents the design process of the CodeLab tool, a laboratory-based platform
that allows students to practice during a programming course at the Open University of
Catalonia. A key aspect of CodeLab is to convey a similar experience to what students
might get in a face-to-face laboratory. The learning tool was designed and evaluated
with experts, teachers, and students through a user-centered design approach.

Although some functionalities identified in the early design phases were postponed
to future iterations, a fully functional version of CodeLab was designed, developed and
evaluated in two different courses.

The results obtained from the design process and the evaluation methods provided
important information about the usability and user experience of the platform, pointing
to specific design requirements to be addressed. It is worth noting that, although some
areas of improvement were uncovered during the internal work process, carrying out
evaluation methods through a UCD approach facilitated obtaining detailed information
that otherwise would probably not have been possible to obtain.

First, the classification of each learning activity according to its difficulty and
typology needs to be more explicit to the user. The results in Task 2 of the CWT arose a
problem with the label used to classify each activity, and 37.5% of participants in the
usability test pointed to the same issue. Thus, the interface design should organize
learning activities in the general list of activities in a more visible way by revising the
graphic elements of the interface.
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Secondly, an area of improvement was also identified in the progress bar of each
activity. Task 4 of the CWT, which involved the progress bar and steps of the learning
activities, had the lowest success rate in the CWT. Participants also expressed that the
progress bar and the steps were not clear enough on the activity interface. In this sense,
37.5% of participants failed Task 4 on the usability test, where they could not locate
activity’s steps. Hence, the progress bar must be redesigned in the next iteration of the
project.

Finally, in addition to improvements to the functionalities already implemented, it
is necessary to address the integration of a direct communication tool through the
platform itself to move towards a laboratory-based experience.

In conclusion, the importance of providing tools that facilitate practicing to learners
has been highlighted in this work, emphasizing the relevance in a context with non-
STEM students who need to learn to code. Designing, developing, and evaluating this
laboratory-based platform was a significant challenge that has been addressed and
achieved through a user-centered design approach, leading to a practice-based tool that
adapts to the learners’ needs, resulting in a good user experience and satisfaction.

Since the design goals presented in this work have been successfully addressed,
future work should further develop the idea of an online learning laboratory:-based
setting: developing analytics features that allow teachers to better support learners,
implementing a communication feature in CodeLab to foster collaborative practice
between peers and teachers, and improving the interface design of the platform. Since
the two first iterations have been centered on evaluating the platform’s development,
the following iterations must focus on the evaluation of the implementation to
understand the impact it might have on learners’ engagement and learning outcomes.
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