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Abstract: Interactive multimedia experiences (IME) can be a pedagogical resource that has a strong
potential to enhance learning experiences in early childhood. Learning analytics (LA) has become
an important tool that allows us to understand more clearly how these multimedia experiences can
contribute to the learning processes of these students. This article proposes a work route that defines
a set of activities and techniques, as well as a flow for their application, by taking into consideration
the importance of including LA guidelines when designing IMEs for elementary education. The work
route’s graphical representation is inspired by the foundations of the Essence standard’s graphical
notation language. The guidelines are grouped into five categories, namely (i) a data analytics
dashboard, (ii) student data, (iii) teacher data, (iv) learning activity data, and (v) student progress
data. The guidelines were validated through two approaches. The first involved a case study, where
the guidelines were applied to an IME called Coco Shapes, which was aimed at transition students at
the Colegio La Fontaine in Cali (Colombia), and the second involved the judgments of experts who
examined the usefulness and clarity of the guidelines. The results from these approaches allowed us
to obtain precise and effective feedback regarding the hypothesis under study. Our findings provide
promising evidence of the value of our guidelines, which were included in the design of an IME and
contributed to the greater personalized monitoring available to teachers to evaluate student learning.

Keywords: interactive multimedia experiences; learning analytics; guidelines; work route

1. Introduction

An interactive multimedia experience (IME) is defined as the means through which a
multimedia system delivers the creation of value to stakeholders [1]. This concept considers
aspects that are associated with the responsible design of multimedia systems, as well as
the interests, needs, motivations, and expectations of the interested parties, as a product of
a human-centered design process. We can also define learning analytics (LA) as the field of
measurement, analysis, and data reporting about learners and their contexts to understand
and improve learning where it occurs [2].
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A systematic review of the applications of LA in the design of IMEs has shown a
trend toward its use in services based on e-learning [3]. It has also been found that most
LA guidelines are applied in both higher education and elementary education. However,
gamification techniques are one of the most commonly used strategies for mediating the use
of LA in an IME for children [4]. Regarding LA guidelines [5], a trend has been observed
in their application for designing solutions that offer personalized learning experiences to
students. For example, some IMEs aimed at children based on gamification have integrated
physical and interactive objects with virtual games to promote collaborative work between
students [6].

Some authors, such as Lee [7], suggest that artificial intelligence (AI)-powered LA can
potentially transform early childhood education and instruction. Although this work does
not provide a solution in the form of an AI-based system for LA, it does address a problem
associated with the gap in the use and appropriation of learning experiences mediated
by technology in the context of elementary education. In this case, it is a process for the
inclusion of LA in the development of an IME based on human-centered design involving
the stakeholders of the community to which the school belongs.

This effort is due to the contribution that LA can offer to achieve learning experiences
that, through the mediation of technologies such as an IME, allow young children to
be offered an education more personalized to their needs and environment [8]. This
is an important contribution, since access to technologies for education in low-resource
communities in countries with emerging economies is typically achieved through the
adoption of technologies developed in other countries, with cultures, conditions, and
needs different from their own, with little adaptation to the real needs of the context
in most cases [9]. This suggests a limitation regarding the conditions that educational
technology should provide, which in this case, are related to the children’s agency [10].
This is interpreted as a “socially situated capacity to act” [11].

Incorporating LA into a development process is challenging because it can be applied
to achieve various objectives, each involving selecting precise data and methods to generate
the necessary information. From there, this work arises, which presents a work route to
include LA in IME, which allows designers and developers to select and implement a series
of concrete LA guidelines and then provide useful information to different stakeholders.
Through our research, we offer a new approach to incorporate LA guidelines in developing
IME for elementary education in public or private institutions, contributing to creating
learning experiences in a school context. This approach is presented using an artifact [12],
which is expressed through a work route using the Essence graphic notation language [13].

This study was carried out over 2.5 years and initially conceived as a flexible and
adaptable process that could be used in different communities and contexts. It was based
on a method for the pre-production and validation of multimedia systems by developing
an IME focused on gamification techniques. It aimed to allow children, between four
and five years old in elementary education, to learn the English language in a school
located in a low-income commune in Cali, Colombia [14]. The solution evolved based on
experiences with students, teachers, and community members, allowing us to define a set
of LA guidelines implemented as an LA dashboard [15]. The guidelines were validated
through two approaches. The first involved a case study, where the guidelines were applied
to an IME called Coco Shapes that was aimed at transition students at the Colegio La
Fontaine in Cali (Colombia). The second involved the judgments of experts who examined
the usefulness and clarity of the guidelines.

The work route to incorporate the LA guidelines in IME has been tailored for im-
plementation by companies producing technology solutions and content for educational
content. Additionally, these guidelines are intended for use by technology-support units
and information and communication technology (ICT) managers within educational insti-
tutions. They serve as a valuable resource for educators to integrate technology into their
instructional and learning strategies.
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The structure of this article is as follows. Section 2 provides an overview of the
application of LA within the IME framework. Section 3 outlines the materials and methods
utilized in the study. Section 4 details the findings and the discussion of the research, while
Section 5 offers conclusions and recommendations for future research.

2. Analytics in Interactive Multimedia Experiences
2.1. The Role of IME in Elementary Education

Multimedia and its interactive possibilities for users are valuable for enriching and
improving learning experiences at different levels of schooling [16]. A wide range of
multimedia tools is now used in education, and the proliferation of these tools is attributed
to the evolution of technologies over the years and the continuous efforts of teachers to
improve the delivery of knowledge [17]. This finding is consistent with those observed
in emerging economies, such as Colombia, where access to technological resources has
expanded in school educational centers, mainly in the public sector, according to the
National Administrative Department of Statistics (DANE) [18]. However, strong limitations
still need to be addressed by teachers and students attempting to access educational
technologies due to the digital gap measured by indicators, such as the Network Readiness
Index (NRI) [19].

Emerging economies often adapt solutions based on models and technologies to
support education that were developed for the needs of different social, cultural, and
economic contexts [9], which restricts the value that can be created in terms of students’
learning experiences in early childhood. This opens up new opportunities for the generation
of alternatives that lead to the creation of IMEs designed according to the particular needs of
these communities [14]. Using an IME, we present a solution that can enrich the experiences
of children from schools in low-income areas with a low-cost solution for learning a second
language, such as English.

Throughout this process, we have identified opportunities to improve the learning
experiences offered through the IME. We initially recognized the basis of a systemic model
that would allow us to identify a set of essential variables to enable better management of
data and information that could be used to enrich traceability in the learning process of
children in these communities [20]. This effort is consistent with another study to identify
the potential of interactive technologies to add value to the learning experiences of basic
education students [21].

2.2. Learning Analytics Guidelines

Guided by the results of a systematic review [3], and considering student learning
goals, activities, and stakeholders’ needs in the EMI development [5], we formulated
36 guidelines. These guidelines encompass five categories, namely (i) dashboards for
academic management, (ii) student profiling, (iii) teaching management, (iv) tracking
student–multimedia interactions, and (v) monitoring student performance and progress.
The guidelines are aimed at designers, developers, teachers, and other stakeholders in the
basic education context to integrate LA into IMEs for elementary learners. These guidelines
are detailed for each category in Table 1.

Table 1. Guidelines for incorporating LA into IME.

ID Description

Guidelines related to the data analytics dashboard

LAD1
The dashboard must offer mechanisms for configuring the level of detail of the query results, such as, for
example, in terms of the student, course, topic, activity, or learning objective. Filters are crucial for segmenting
data; they should be easy to use and allow multiple selections to enable a comparative analysis [22].
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Table 1. Cont.

ID Description

LAD2

The dashboard should allow teachers to view the data distribution per student or course using various graph
types (bar, point, line, heat maps, etc.). Teachers could assess student levels, compare courses, and analyze
performance indicators. The X-axis should represent time for temporal data to ensure clarity and consistency.
Graph selection should align with user preference and data nature. Effective data visualization simplifies user
comprehension, facilitating effortless monitoring of learning objectives or activities [23].

LAD3
The graphics must be clear and differentiated. For example, in a pie chart, distinctive colors should be used for
each section, and clear labels should be provided. For a scatter plot, the axes should be well-defined, and each
point should be easily identifiable by hovering over it with the cursor [24].

LAD4 Implement interactive features like zooming the charts, clicking details, and dragging and selecting a group of
points on the scatter chart to see more details [25].

LAD5

The dashboard should include clear, educationally relevant, performance indicators, such as pass rates, student
progress (see guideline LAP3), and comparisons with benchmark averages. Recording data from the user’s
interaction with the multimedia experience is important to allow for subsequent interventions and to monitor
learning progress by teachers.

LAD6 Options should be provided for the user to export graphs or raw data so that managers or other stakeholders
can perform an additional analysis or prepare reports outside the system [26].

LAD7

In a graph that includes a variable that can take different values, we recommend enabling the user to select
values of interest to enable comparisons. For example, for a variable called “Level”, which can take four possible
values (“Very high”, “High”, “Basic” and “Low”), the user should be able to select the level of interest to view it
in greater detail.

Guidelines related to the student

LAS1
The IME must record the student’s name and grade, which are the minimum data needed to track their progress
over time and compare it with the course average. The teacher can provide individualized feedback and specific
assessments for each student by collecting identifying information.

LAS2

Good information-security practices must be implemented to ensure the user data’s privacy, integrity, and
confidentiality. Mechanisms, such as removing addresses, personal identification numbers, dates of birth, or
other characteristics that could be used to identify a person, must be applied. This aims to anonymize the data
and comply with the relevant privacy regulations [27]. In addition, users should be informed about the collected
data, and their consent should be obtained where necessary.

LAS3

It is important to identify student learning problems before, during, or after interaction with the multimedia
experience so that the experience can be adjusted to their learning pace through AI. Adaptive learning is based
on the effort made by the student to complete subsets of exercises successfully and quickly. It should respect
each student’s learning style and pace of work [28].

LAS4
Information about students’ interests, preferences, and culture should be recorded. This will allow the IME to
capture their interest and align with their motivations. The digital content of the IME must include examples
and situations that are relevant and attractive to students.

LAS5

Tools should gather data on students’ emotions during multimedia interactions, including facial expressions,
verbal reactions, movements, or heart rates. Utilizing these data, teachers can employ algorithms or systems to
categorize emotions like boredom, frustration, interest, or joy. Subsequently, teachers can tailor feedback,
support, or incentives to students’ emotional states, fostering a positive learning environment.

LAS6
An IME should include stories and narratives that relate directly to students’ interests and contexts based on the
data collected about their preferences and backgrounds. Story characters and virtual settings should reflect
students’ expectations based on the demographic information collected.

LAS7
Data should be used to understand students’ sensory preferences and the multimedia experience should be
designed around this information. In the design process, information must be obtained about what types of
images, graphics, videos, or digital content interest users.

Guidelines related to the teacher

LAT1
The multimedia experience must include the teacher’s name and email address as the minimum mandatory
data. Actions carried out by an administrator, such as creating a teacher account, assigning a course, or
registering a new student in a course, will be notified via email.
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Table 1. Cont.

ID Description

LAT2
The pedagogical methodologies known to the teacher must be considered in the conception of an IME. Thus, a
multimedia experience can encourage students’ active construction of knowledge by allowing them to explore,
discover, and solve problems [29].

LAT3 The teacher should use the data recorded from the student’s interactions with the multimedia experience to offer
personalized interventions or additional resources to students who may need additional support.

Guidelines related to learning activities

LAA1

Learning activities should log key data reflecting student performance, including (i) activity status (e.g., paused,
canceled, or finished); (ii) error count, aiding teachers in diagnosing issues (e.g., lack of knowledge, inattention,
or question complexity), (iii) correct answer count; (iv) obtained grade or score; (v) completion time, indicating
concentration and interest; and (vi) difficulty level. These data inform and enhance teaching strategies.

LAA2

Based on student grades or scores, successes, and failures, we propose a scoring system (e.g., points, stars,
badges, or other gamification methods) to boost motivation and engagement [30]. Aligning scores with
institutional performance levels (e.g., very high to low) enables teachers to assess student distribution across
IME-defined levels.

LAA3

The most frequently viewed topics, modules, sections, or activities should be recorded, as well as the time spent
on a topic/module. Knowledge of the options or sections that students explore through the IME allows the
teacher to identify possible topics that interest the students or that are complex, which can be leveraged as part
of their teaching strategy.

LAA4 We suggest recording the number of steps or stages of a completed activity so that the teacher can later identify
specific points at which problems arise and adjust the teaching strategy accordingly.

LAA5

Data from student interactions with multimedia content, like videos, animations, simulations, and interactive
images, should be captured. Metrics include video watch time, interaction frequency with elements, or reviewed
content sections. These data allow teachers to monitor digital tools and content usage within the IME and assess
their impact on comprehension and retention.

LAA6
We suggest allowing users to record feedback, comments, and evaluations of the learning activities. This
information can enable the teacher to make changes to the teaching strategy and consider updating the design of
the IME. This guideline is suggested to be applied to students trained to provide useful information.

LAA7
We suggest recording messages or chats between students during collaborative activities. Based on these data,
the teacher can observe the frequency and duration of participation in collaborative activities and identify the
exchange of ideas.

LAA8

LA should be used to provide relevant feedback and personalized recommendations to users. The collected data
can be used to identify strengths, find opportunities for improvement, and adapt the learning experience to the
individual needs of each user. In addition, feedback should be given to explain to students why their answer
was wrong, and clues, as to how to carry out an activity, should be provided.

LAA9

Obtain data such as (i) the time spent viewing different visual elements and (ii) the frequency and duration of
viewing specific elements. The learning activities of an IME should include a variety of digital content (text,
audio, images, 2D and 3D animations, and virtual objects, among others) to address different learning styles [31]
and motor, visual, cognitive disabilities, etc. and allow students to access information in multiple ways. Digital
content must be aligned with the learning objectives, and topics should be relevant and appropriate to the level
of the students.

LAA10

Obtain student preferences and identify accessibility needs, as well as cultural traits. The digital content of
learning activities should be suited to student preferences. It should be inclusive and accessible [32] to everyone,
considering different skill levels, aspects of gender, poverty, forced migration, functional differences, possible
limitations, and cultural diversity [33].

LAA11 The learning activities of an IME should actively engage students and should encourage interaction with the
content. They may include educational games, interactive questions, simulations, or problem-solving activities.

LAA12

Obtain data such as (i) the time spent listening to different audio or sound effects and (ii) the frequency of
volume adjustment or changes to songs/sounds. Learning activities should integrate sound effects and music
that complement and reinforce the presented concepts to stimulate positive emotions and maintain
student interest.
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Table 1. Cont.

ID Description

LAA13

Obtain relevant data for the teacher, such as (i) participation in tactile activities, (ii) usage frequency of touch
functions or physical interactions (e.g., drag and drop and clicks), (iii) navigation patterns across sections,
indicating sensory and content preferences, and (iv) frequency of switching among presentation modes (e.g.,
images, videos, and text). Learning activities should include interactive touch elements (e.g., buttons, drag and
drop, and touch interactions) to engage students.

LAA14
In learning activities, we suggest using technologies that allow for immersive sensory experiences, such as
virtual or augmented reality. These technologies can enable students to explore three-dimensional environments
or overlay digital information in the real world, significantly enriching the sensory experience.

LAA15
In learning activities, the possibility of offering multiple interaction styles (gesture, pressure, vibration, tangible
interfaces, voice commands, or others) should be considered to adapt the system to students’ individual needs
and preferences.

Guidelines related to student progress

LAP1
Progress tracking over time is essential to discern long-term trends or improvements in student performance.
Essential data per course include (i) schedule, (ii) duration, (iii) modules, (iv) completed modules (noting
student progress or areas of delay), and (v) topics/modules.

LAP2
The time spent using the IME and the frequency at which students access it should be recorded. This
information can indicate the student’s level of commitment and participation, since there is a correlation
between the frequency of use of the resource and success in learning [34].

LAP3

Student performance and progress visualization are crucial. Teachers should track and compare students’
current and past performances. Detailed reporting and analysis are vital to pinpointing improvement areas and
refining teaching methods. A dashboard, for instance, might display success and failure rates, student progress
percentages, and course averages during the multimedia experience usage. Graphs, adhering to guideline LAD3,
should depict student performance against course averages, aiding teachers in identifying teaching-strategy
enhancement opportunities for underperforming students over time [35].

LAP4
Historical data on students’ learning activities, participation, performance, and progress in previous courses
must be recorded and stored. These data should be available for analysis by teachers and administrators,
allowing for a more complete understanding of student performance and learning patterns over time [36].

2.3. Work Route to Include LA Guidelines into IME

The route proposes a workflow comprised of a set of activities and techniques.
Through the application of these techniques, the completion of the defined activities is
pursued. The sequence observed by the flow of activities suggests an order for their applica-
tion, but it should not be confused with a waterfall process. On the contrary, its application
should be framed within an iterative process. The way both activities and techniques are
graphically represented is inspired by the foundations of the Essence standard’s graphical
notation language [13]. This is intended for potential future work related to the design of
a practice for incorporating learning guidelines in IME. An activity with a yellow border
represents the starting point of the route workflows, while an activity with a red border
represents the end of a workflow iteration along the route. Figure 1 shows the work route
for including LA guidelines in IME in elementary education.

The process flow begins by defining the purpose of applying LA to an IME with
several learning objectives. Second, LA guidelines that align with stakeholder needs are
identified. Third, the sources and types of data needed to support LA are defined. Up to
this point, iterations can occur between these activities to ensure alignment between the
selected guidelines and the needs being studied. Then, the IME is developed and tested for
continuous improvement. This iterative flow ensures that the IME effectively integrates
LA guidelines.

Table 2 outlines the activities associated with the LA route and the techniques utilized
to fulfill the scope of the work. These techniques are grounded in methodologies and
frameworks linked to tools commonly employed in Design Thinking [37,38] and Value-
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Sensitive Design [39], practices based on User-Centered Design for LA [23], and Software
Engineering [40,41].
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Table 2. Activities and techniques involved in the LA route.

Id Activity Description Techniques

A1
Define the purpose of
applying learning analytics
in the project.

The value purpose for which you
want to apply LA in designing an
IME is defined and associated
with the project objectives.

- TLA1: Trend analysis.
- TLA2: Convergence mapping.
- TLA3: Value analysis.
- TLA4: Interviews with stakeholders.
- TLA5: Database of user observations.
- TLA6: Identification of value tensions.
- TLA7: Analysis of user responses.
- TLA8: Identification of patterns.
- TLA9: Identification of policies and regulations.
- TLA10: Focus group.
- TLA11: Definition of key performance
indicators (KPI).

A2

Define the principles and
guidelines of LA that meet
the needs of the school’s
stakeholders.

Define the set of LA guidelines
that need to be applied to define
the data and the people involved,
as well as the mechanisms that
guarantee the respect,
responsibility, and transparency
of the information and the specific
questions you want to answer.

- TLA1: Trend analysis.
- TLA2: Convergence mapping.
- TLA3: Value analysis.
- TLA4: Interviews with stakeholders.
- TLA12: Surveys and questionnaires.
- TLA13: Focus group.
- TLA14: Observation and analysis of human
beings’ cognitive, social, cultural, emotional,
and physical aspects.

A3 Define the sources and types
of the required data.

The source and nature of data
required to apply the selected
analytics guidelines must be
defined based on them. These
data can be quantitative or
qualitative. Please take ethical
and privacy considerations into
account when collecting data.

- TLA4: Interviews with stakeholders.
- TLA1: Trend analysis.
- TLA7: Analysis of user responses.
- TLA14: Observation and analysis of human
beings’ cognitive, social, cultural, emotional,
and physical aspects.
- TLA5: Database of user observations.
- TLA15: Historical data analysis.
- TLA16: Educational Data Mining (EDM)
- TLA17: Data-Driven Assessment (DDA)
- TLA18: Social Network Analysis (SNA)
- TLA19: Exploratory Factor Analysis (EFA).
- TLA20: Text mining and sentiment analysis.
- TLA21: Analysis of navigation and
usage patterns.
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Table 2. Cont.

Id Activity Description Techniques

A4 Produce the design and
implementation of the IME.

The contents and interaction
mechanics in the interactive
multimedia experience must be
designed or adapted for
subsequent implementation so
that the required data can be
captured according to the selected
guidelines. The data visualization
elements required for review and
feedback must also
be implemented.

- TLA22: Production of metaphors and analogies.
- TLA23: Storyboard creation
- TLA24: Wireframe creation.
- TLA25: Creation of the journey map for the
multimedia experience.
- TLA26: Prototype production of user behavior
against the multimedia experience.
- TLA27: Concept prototypes.

A5 Testing of the IME that
incorporates LA guidelines.

A set of tests must be carried out
related to the content, interaction
mechanics, recovered data, and its
visualization on the dashboard, as
well as validating these elements
with the stakeholders.

- TLA4: Interviews with stakeholders.
- TLA12: Surveys and questionnaires.
- TLA28: A/B Testing.
- TLA29: Usability testing.
- TLA30: Expert judgment.
- TLA31: Unit tests.
- TLA32: Component integration tests.
- TLA33: Test of performance.
- TLA34: Privacy and security evaluation.

3. Methods

In order to validate the proposed guidelines, two approaches were used. For the first,
we conducted a case study in which the guidelines were applied to an IME for transition
students from the La Fontaine School, in Cali (Colombia). In the second, we collected the
opinions of experts who examined the usefulness and clarity of the guidelines. These ap-
proaches allowed for precise and effective feedback regarding the aspects under evaluation.

3.1. Case Study
3.1.1. Methodology

Considering that this research originated from an issue related to the need to incor-
porate LA guidelines into the development of IME aimed at elementary education in
Colombia, this led to the conception of a practice for incorporating LA guidelines as a
design artifact for school contexts. The proposal suggested a process based on unifying
criteria among various stakeholders. Subsequently, evaluations of the work route were
conducted in the school context through a case study and expert judgment. Design science
was determined to be the most consistent methodological approach for this research [42].

At this point, it is important to highlight that the methodology of design science has
been widely embraced by the LA community, primarily for the validation of studies related
to the generation of the models [43], methods [44], frameworks [45], and design principles
of LA [46], among other studies. In this case, the work route proposed for incorporating
LA guidelines in the Colombian school context can be defined as a knowledge artifact
associated with information technology (IT) [47]. The results shared by these studies
suggest that the selection of design science has shown satisfactory results regarding its
utility for validating approaches related to this proposal. Additionally, it facilitates the
reproducibility of the presented research for other researchers.

Consistent with the above, this work was conducted through a set of four stages,
namely (i) identifying a problem related to the inclusion of LA guidelines in the context of
Colombian institutions, (ii) objectives of a solution for incorporating LA in school contexts
as an IT artifact, (iii) design and development of the artifact of the solution, (iv) evaluation
of the work route for the inclusion of LA guidelines through the Coco Shapes multimedia
system, and (v) communication of the analysis of the results and contributions offered
by the work route, along with its identified limitations. The research method followed is
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presented in Figure 2 and is an adaptation of the objective of this research of the method
presented by Peffers et al. [48].
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For the case study, we developed the following hypothesis. The application of the
proposed design guidelines for including LA in the design of an IME allows the teacher to
carry out more personalized follow-up in terms of evaluating student learning in elemen-
tary education.

3.1.2. Creation of Work Teams

This project was carried out by a core of five researchers, including four with a PhD in
engineering and one with a PhD in education. These researchers are members of groups
accredited by the Ministry of Science and Technology of Colombia, Minciencias (2023).
A second group consisted of five interested parties from the La Fontaine school in Cali
(Colombia), consisting of three transition teachers and two directors. These two groups
made up the work team that participated in the validation of the proposed guidelines.

This year, 42 transition students were all children between four and five years old. The
three teachers, who were experts in English, guided the students throughout the process.
The school director, who had a degree in foreign languages, also participated.

3.1.3. Coco Shapes

Using the multimedia system pre-production method [1] in the elementary education
context, an experience titled ‘Coco Shapes’ was created for transition students at the La
Fontaine School in Cali, Colombia. Coco Shapes focuses on teaching the specific topics of
colors, shapes, and counting. The initiative was developed with objectives that align with
the Basic Learning Rights and address the needs of the school’s stakeholders.

Considering stakeholder needs, the team designed English language learning ac-
tivities based on student proficiency. These activities, spanning three difficulty levels,
covered colors, shapes, and counting. Coco Shapes, deployed on a tablet (see Figure 3),
blended physical (button and shapes) and digital resources for interactive learning. Dur-
ing geometry activities, children inserted shapes into slots; during color activities, they
pressed corresponding buttons. And during counting activities, they selected the right
screen option.

The course teachers could observe the students’ results, which allowed them to evalu-
ate each student’s progress.
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3.1.4. Evolution of Coco Shapes

To include elements of LA in Coco Shapes, the team of researchers interviewed teachers
at the La Fontaine School to identify the relevant data that would contribute to evaluating
student learning.

After the interviews, the audio files were transcribed, and the qualitative information
was analyzed. Using the first version of Coco Shapes and analyzing the interviews iden-
tified opportunities for improvement in relation to the usability of the experience, with
the aim of providing a more fluid interaction to the user. Opportunities for improvement
related to including LA elements were also identified so that the teachers could monitor
the student’s learning process.

Considering the stakeholders’ expectations, we developed a web application that in-
cluded modules related to student management, teacher management, course management,
and reports. The reporting section contained a dashboard that could be used to moni-
tor the student’s learning process and included a set of graphs and information-filtering
mechanisms at the interested parties’ request.

3.2. Expert Judgments

The statistical methodology used for this phase of the research included the follow-
ing steps:

Step 1: We conducted an expert-consensus analysis via a questionnaire to validate the
LA guidelines, assessing perceptions of clarity and usefulness across categories, including a
(i) data analytics dashboard (LAD), (ii) student (LAS), (iii) teacher (LAT), and (iv) learning
activities. Expert evaluations were then quantitatively analyzed for usefulness and clarity.

Step 2: Descriptive and inferential analyses were conducted after applying the ques-
tionnaire. Each category was characterized by constructing tables and summary graphs and
employing the Mann–Whitney test [49,50] to evaluate potentially significant differences
in respondents’ perceptions of usefulness and clarity. A percentage perception index was
developed to synthesize the collected information and facilitate an overarching evaluation
of the different variables and items presented. This index compiled the data to form a
quantitative assessment, drawing on the responses provided by each expert participant.
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The final rating was derived from the operation of the indicator, as given in the following
equation [51,52]:

Di =

(
∑E

i=1 xi

)
− E

C − E
∗ 100 =

(
∑E

i=1 xi

)
− E

(E ∗ 6)− E
∗ 100 =

(
∑E

i=1 xi

)
− E

6E
∗ 100

xi = rating of item i.
E = number of effective responses.
C = maximum possible score: E*6 (six response categories, with each measured on a

Likert-type scale from zero to five).
This indicator expresses the general level of perception in each of the sectors and cities

on a scale ranging from 0 to 100. Descriptive analyses and Mann–Whitney and statistical
tests were performed using the freely distributed statistical program R-3.4.2 [53].

4. Results and Discussion
4.1. Case Study Results
4.1.1. Application of Guidelines to Coco Shapes

Using the first version of Coco Shapes, the researchers interviewed school teachers
to identify relevant data related to the evaluation of student learning. After analyzing
the information collected, opportunities for improvement were identified related to the
usability of the IME, so that it provides a more fluid experience to the user, and includes
LA elements so that teachers can monitor the student’s learning process. Based on the
opportunities for improvement related to the inclusion of LA, a set of 26 guidelines was
selected to develop the second version of Coco Shapes. Guidelines for implementing
the data analytics dashboard, including LAD1, LAD2, LAD3, LAD5, and LAD7, were
considered, as described below.

For LAD1, the Coco Shapes web-application dashboard allows filtering by grade,
subject, and student, as shown in Figure 4. In this way, teachers can configure the data
they want to view according to their needs and focus on the relevant data from large sets
of information.
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Figure 4. Filters for configuring the level of detail for the data.

For LAD2, the dashboard offers teachers different types of graphs (such as pie, bar,
point, and line graphs) for viewing the distribution of data by student or course and allow-
ing them to see students at a certain level or student performance. In graphs that include
time, the X-axis represents this variable to facilitate the interpretation of the information.

For LAD3, the dashboard graphs (see Figure 2) use distinctive colors for each variable
so that teachers can quickly identify different sets of data or variables in a graph. Feedback
from the teachers confirmed that the graphs were clear and differentiated and that they
sped up the interpretation of the information.
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For LAD5, the student performance indicators that are based on the number of suc-
cesses and failures are represented by lines over time (see Figure 5), and a percentage
representing the student’s progress and the course average is presented for the period of
system use. With this information, teachers can monitor the student’s performance and
compare it with the course average, thus identifying opportunities for improvement in
their teaching strategy for students with low performance over time.
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Figure 5. Student performance.

For LAD7, Figure 6 displays the student distribution by level (“Very High”, “High”,
“Basic”, “Low”), with selectable user options for data viewing. The institution’s stakehold-
ers define the levels according to its teaching strategy. Aligning with LAD2, time is on the
X-axis. Hovering over a point reveals student details, including name, app usage time, and
performance percentage for that level.
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For guidelines related to the student, we considered LAS1, LAS2, LAS4, and LAS6, as
described below.



Appl. Sci. 2024, 14, 7645 13 of 21

For LAS1, the multimedia experience records the student’s name and grade. In the
web application, the school director can enter the information manually or upload an Excel
file that includes the data for all the students in a course.

For LAS2, the web application included effective information-security practices, such
as user sessions and profile management, password encryption, data protection with built-
in defaults for access, and end-to-end encryption to guarantee the privacy, integrity, and
confidentiality of the user data.

For LAS4, Coco Shapes features amusement park scenarios, mirroring the school’s
surroundings and student preferences. Developed collaboratively, the digital content
includes Coco, a spectacled bear, reflecting the Colombian context where spectacled bears
inhabit. Coco navigates the park, playing games like catching geometric shapes, soccer,
toppling specific figures, or color-mixing to create secondary hues.

For LAS6, Coco Shapes includes three scenarios that correspond to the student’s
interests and context. The first scenario involves a roller coaster for counting activities. The
second is a circus for shape activities, and the third consists of fair games for color activities.

Guidelines LAT1, LAT2, and LAT3 were considered regarding the teacher, as de-
scribed below.

For LAT1, on the web application, the school director can add a teacher by registering
a name and email address (minimum required data) and assigning one or more courses to
this teacher. Once the information is entered, the professor receives an email notification,
and access is granted to the data on the students in this course.

For LAT2, the directors and teachers of the La Fontaine school participated in develop-
ing the learning activities for Coco Shapes, considering the educational methodologies and
resources (physical and technological) available.

For LAT3, the teacher has a dashboard that includes the distribution of students by
level, a comparison of results by grade, the average time for each course using Coco Shapes,
and the students’ performance. With this information, teachers can detect students who
may need additional support and dedicate additional time and resources to this group
of students.

The guidelines LAA1, LAA2, LAA3, LAA8, LAA9, LAA10, LAA11, LAA12, LAA13,
and LAA15 were considered when applying to learning activities, as described below.

For LAA1, Figure 7 shows an example of the guideline where items 2, 3, and 5 were
considered (see Table 1). Based on the needs of the interested parties, the percentage of
correct answers and the date on which the user carried out the activities associated with
each theme offered by Coco Shapes were chosen.
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For LAA2, Coco Shapes uses a star-based rating system based on the number of hits
and misses the user makes. Gamification with stars was chosen in collaboration with
teachers to motivate children and turn learning into a playful and fun experience. The
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stars act as positive reinforcement. Students associate the achievement with a reward by
receiving stars for completing activities, reinforcing the desired behavior.

For LAA3, the system records the theme (colors, shapes, or counting), the date, and
the time spent on each theme (the last time the student used Coco Shapes), as shown in
Figure 7. With this information, teachers can identify topics that are of interest to students
or that are complex and use this information as part of their teaching strategy.

For LAA8, the teacher’s dashboard displays student-level distribution, grade-wise
results comparison, average course time on Coco Shapes, and student performance (see
Figure 5). It also shows topics, dates, and time spent per topic (see Figure 7). Stakeholders
deemed this information sufficient for user feedback, identifying strengths and areas for
improvement, and evaluating classrooms’ teaching strategies and resources.

For LAA9, the learning activities in Coco Shapes include digital content, such as text,
audio, images, and 2D animations. In conjunction with the interested parties, the digital
content was aligned with the learning activities, since it contributes to the development of
skills such as listening and interpreting the English language for the transition students of
the La Fontaine school.

For LAA10, the digital content that supports the learning activities, scenarios, char-
acters, and narrative flow corresponds to the preferences and cultural diversity of the
students. Coco Shapes includes eye-catching and intuitive interfaces for students, stimulat-
ing interest and curiosity in the multimedia system. It should be noted that it has been left
to future work to address the issue of accessibility guidelines for students with visual or
hearing limitations.

For LAA11, the teachers decided that, to carry out the figure and color activities, a
physical object was required with (i) spaces to insert the geometric figures and (ii) primary
and secondary color buttons. In addition, a tablet was used to display the multimedia
experience and the counting activities. These elements require the active interaction of
students with the contents.

For LAA12, the learning activities included sound effects and music that accompanied
the instructions provided to the user. It is important to mention that the school director
recorded the instructions played in the learning activities, as she represented a familiar
voice for the students due to her excellent pronunciation of English. This was conducted to
evoke positive emotions and hold the students’ interest.

For LAA13, Coco Shapes’ figure and color activities include a physical object with
geometric figure slots and primary/secondary color buttons, mirroring the transition
students’ curriculum. Interacting with these objects stimulates tactile and visual senses,
enhancing the learning experience by allowing children to touch, manipulate, and explore,
thus boosting topic retention and comprehension.

For LAA15, as part of the learning activities of Coco Shapes, students press buttons,
insert shapes into well-defined spaces, and select options on a tablet screen, depending on
the challenges defined for each theme. This diversity of interaction styles involves children
more actively in the multimedia experience. The student’s commitment and attention to
the challenge are encouraged by offering several interaction options.

The guidelines LAP1, LAP2, LAP3, and LAP4 were considered when applying the
guidelines related to student progress, as described below.

For LAP1, the number of successes and failures recorded based on the student’s
interaction with Coco Shapes is displayed on the dashboard, which displays a line graph of
the student’s performance over time (see Figure 6) in comparison to the course average.
With this information, teachers can identify long-term trends, patterns, or improvements in
student performance.

For LAP2, the web app visualizes each course’s average time spent on Coco Shapes
based on student usage (see Figure 8), indicating the exposure duration to the second
language. This usage time reflects student engagement, allowing teachers to assess interest
and participation levels.
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For LAP3, Figure 4 shows an example that includes the number of successes and
failures, the student progress as a percentage, and the course average throughout the
system’s use. The graph follows the LAD5 guideline and allows the student’s performance
to be displayed and compared with the average results for the course. This allows the
teacher to identify opportunities for the improvement of the teaching strategy for students
who show low performance over time.

For LAP4, the Coco Shapes web app logs student interactions with learning activities,
allowing access to historical data by course. This enables stakeholders to refine pedagogical
strategies and compare student cohorts for trend analysis and improvement areas. Teachers
can also control course visibility within their school’s assigned course list.

4.1.2. Results

Following the methodology chosen for the case study and taking into account the
proposed hypothesis, we presented the updated version of Coco Shapes and its web appli-
cation to the school’s stakeholders to obtain feedback on the support provided by the data
in terms of monitoring students. The presentation was carried out at the school facilities,
and the responses of those interested were recorded with their respective authorization.

Tokenization of the text was carried out to analyze the feedback. In this phase, the
entire text was decomposed into individual words to facilitate a detailed analysis. A data
frame was created to house these tokenized words, allowing for more efficient manipulation
and analysis [54]. Data cleaning was then performed to eliminate common words or
‘stopwords’ that do not add substantial meaning based on a predefined list of stopwords
in Spanish. In addition, specific numbers and markers were eliminated to improve the
data-cleaning process. Data cleaning was further enhanced by removing ‘not available’
(NA) [55] values and empty strings, thus ensuring the quality and relevance of the dataset
for analysis.

Exploratory data analysis was then performed, focusing on the frequency of the words.
The frequency of each word was calculated and represented as a percentage of the total. A
filter was set to include only words for which the frequency exceeded a specific threshold,
such as more than 1%, to allow us to focus on the most relevant terms. This quantitative
analysis was complemented by a graphic visualization using a bar graph, making it possible
to identify the most common words in the stakeholder discussion.

An emotion analysis was also carried out [56] to identify and extract emotional conno-
tations in the language of the texts. This approach allowed us to determine whether the
tone was positive, negative, or neutral and to capture both explicit expressions of emotions
and subtle nuances. This technique allows for an objective and automatic evaluation of
the attitudes and feelings of the author of a piece of text, thus offering a deeper and more
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quantifiable understanding of the perceptions and emotional reactions of the interviews.
The analysis used the statistical program R version 4.1.1 [53,57].

Figure 9 shows the distribution of various emotions, highlighting that positive emo-
tions (32.53%) and trust (20.48%) have the highest values. This suggests that participants
perceive the studied environment, likely related to the integration of LA into multime-
dia experiences, favorably and trustingly. This prevalence indicates that users find value
and security in implementing the proposed guidelines. Additionally, the considerable
representation of anticipation (13.25%) suggests that participants accept the guidelines
and have positive expectations for their future implementation, reinforcing the guidelines’
effectiveness in generating interest and anticipation. Although joy (8.43%), surprise (7.23%),
and sadness (3.61%) have lower representations, their presence points to areas where the
guidelines can be adjusted to increase satisfaction and reduce stress or dissatisfaction.
Negative emotions (8.43%) and disgust (2.41%) are low but present, indicating that while
the general perception is positive, specific aspects could be improved. Emotion is a crucial
component in the learning experience, and the presence of emotions, such as trust and
positivity, indicates that the guidelines are aligned with users’ emotional needs, which is
essential for engagement and learning effectiveness. Fear (2.41%) and anger (1.2%) are
minimal, which is positive since such emotions can harm learning and collaboration. In
summary, the distribution of emotions revealed by the figure justifies the relevance of
these categories in the study, showing that the proposed guidelines are functional and
emotionally resonant with users, which is crucial for their success and adoption.
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4.2. Expert Judgments Results

Table 3 summarizes expert opinions on the usefulness and clarity of various guidelines
to integrate learning analytics (LA) into multimedia experiences. Usefulness is defined as
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how well a guideline helps to achieve its goal, while clarity measures the ease of under-
standing and implementation. The data analytics dashboard (LAD) guidelines received
positive feedback, with scores between 67% and 75%, indicating room for improvement.
The student-focused guidelines (LAS) scored higher, particularly regarding clarity, sug-
gesting they align well with student needs. Teacher-related guidelines (LAT) had similar
perceptions, with scores between 69.63% and 73.33%. Learning activities guidelines (LAA)
showed variability but were generally positive, reflecting trends seen in other groups.
Guidelines for student progress tracking (LAP) received favorable feedback, aligning with
general averages. Overall, the average scores for all the guidelines were 71.78% for use-
fulness and 71.72% for clarity, indicating a generally positive reception while highlighting
areas for potential enhancement.

Table 3. Experts’ perceptions of the guidelines.

Guidelines Perception Indicator (%)

Usefulness Clarity

Data Analytics Dashboard Guidelines
LAD1 71.85 70.37
LAD2 70.37 68.15
LAD3 74.07 74.84
LAD4 71.11 69.63
LAD5 72.59 73.33
LAD6 69.63 69.63
LAD7 71.11 67.41

Guidelines related to students
LAS1 74.07 75.56
LAS2 72.59 71.85
LAS3 74.07 74.07
LAS4 72.59 71.85
LAS5 71.11 71.85
LAS6 72.59 73.33
LAS7 69.63 68.89

Guidelines related to the teacher
LAT1 69.63 73.33
LAT2 71.11 70.37
LAT3 71.85 71.11

Guidelines related to learning activities
LAA1 71.11 66.67
LAA2 73.33 71.85
LAA3 74.81 73.33
LAA4 74.07 71.85
LAA5 71.85 74.81
LAA6 73.33 72.59
LAA7 70.37 74.07
LAA8 74.07 73.33
LAA9 67.41 69.63
LAA10 71.85 72.59
LAA11 71.85 71.85
LAA12 70.37 71.85
LAA13 68.89 70.37
LAA14 73.33 70.37
LAA15 71.85 69.63

Guidelines related to student progress
LAP1 72.59 74.07
LAP2 68.15 71.11
LAP3 71.85 72.59
LAP4 73.33 74.07

General average 71.78 71.72
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Table 4 below compares the results for each group of guidelines (usefulness and clarity)
for the perception indicators. The results of a nonparametric Mann–Whitney test for the
LAD, LAS, LAT, LAA, and LAP categories, with W statistics of 33.5, 25, 3.5, 120.5, and
4.5, respectively, and corresponding p-values of 0.27, 1.00, 0.83, 0.75, and 0.38, indicate
no statistically significant differences in the perceptions of clarity and usefulness between
the groups under comparison. The p-values are above the conventional threshold for
significance in all categories but provide insufficient evidence to reject the null hypothesis,
which posits that the guidelines’ perceptions of clarity and usefulness are equivalent across
the various groups tested. This consistent pattern suggests that, irrespective of the guideline
category, no statistically discernible difference exists in how they are evaluated concerning
their clarity and usefulness, indicating a balanced perception of these attributes across the
different educational guidelines analyzed here.

Table 4. Comparison of perceptions for each guideline group in regard to usefulness and clarity.

Guidelines Test Statistic (W) p-Value

LAD 33.5 0.27
LAS 25 1.00
LAT 3.5 0.83
LAA 120.5 0.75
LAP 4.5 0.38

4.3. Discussion

The guidelines’ application has demonstrated a contribution to teachers’ assessment
of student learning in the context of basic education, specifically at the La Fontaine school,
which was considered a case study. This suggests that the implementation of LA-based
strategies in the design of IMEs can provide a more complete and accurate understanding
of student progress.

Based on state-of-the-art validation and review activities, it is estimated that continu-
ous evaluation involving LA is essential to improve the quality and effectiveness of IMEs in
basic education. This supports the notion that constant feedback is necessary for teachers
to adjust and enhance pedagogical practices. This finding is evident from the case study
with Coco Shapes since, based on the results presented via the dashboard, the teachers
were able to adjust their teaching strategy and consider changes in the activities conducted
in the classroom and the didactic resource materials that complemented them for teaching
colors, shapes, and counting.

A comprehensive evaluation of the proposed guidelines indicated favorable percep-
tions among experts regarding usefulness and clarity. Although room for improvement
was identified, particularly for guidelines with percentages below the 70% threshold, the
timely intervention of the team regarding refining the wording and expanding the infor-
mation proved to be an effective step toward optimizing these resources. The absence of
statistically significant differences in the perceptions of usefulness and clarity between
the groups of guidelines indicates consistency in evaluating the guidelines across various
categories. This suggests that the guidelines are well-founded and relevant to the needs of
their users, representing a solid basis for their implementation and future adaptation in
educational contexts.

From an emotional perspective, we observed the predominance of positive emotions
and anticipation in the responses of the interested parties, which reflected a general opti-
mism and favorable expectations regarding the use of the IME. A variety of other emotions
were also expressed, although to a lesser extent, suggesting that, although positive reac-
tions predominated, there are also nuances in the learning experience that may include
challenges and concerns on the part of users.

Together, the quantitative and qualitative data obtained through the validation of the
guidelines provided a comprehensive vision that favored a positive interpretation of the
impact of their application in the design of IMEs. However, the results also highlight the
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importance of considering and addressing the full range of user emotions and reactions
to improve the effectiveness and reception of digital learning tools. This holistic under-
standing is vital for developers and educators who seek to create and optimize educational
resources that are effective and emotionally resonant with their users.

It is important to note that the validation process using the functional prototype of
Coco Shapes was conducted with a small population from the La Fontaine School. However,
the project scope presents opportunities to extend validations to other populations in
similar contexts.

5. Conclusions

This article presents 36 LA design guidelines for developing IMEs in education, catego-
rized into five groups, including (i) a data analytics dashboard, (ii) student data, (iii) teacher
data, (iv) learning activity data, and (v) progress/performance/student monitoring. Valida-
tion via a case study and expert evaluations confirms these guidelines as a solid foundation
for LA integration in multimedia experiences, facilitating effective analysis of the student
learning process.

This work allows us to conclude that integrating LA into IMEs has significant potential
to improve learning experiences, since stakeholders (teachers and administrators) could
observe various learning situations, such as participation patterns, learning paths, and the
time required to complete the activities. Furthermore, this study confirms that the use of
IMEs in the context of basic education has a significant impact on student participation
and motivation.

Future efforts should focus on expanding the guideline set to cover additional basic
education aspects, like governance, value-sensitive design, ethical dilemmas, conflict
resolution, and system architectures. Furthermore, developing new metrics or performance
indicators will enhance the precision of the learning evaluation in this context.
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