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Utilizing Learning-Analytics-Based Activities as a
Bridge to Enhance Elementary Students’

Mathematical Learning
Sergio Tirado-Olivares , Rocío Mínguez-Pardo , Javier del Olmo-Muñoz , and José A. González-Calero

Abstract—Decimal misconceptions are a persistent challenge
in mathematics education, often hindering students’ long-term
understanding. This study examines how learning analytics (LA)
can be effectively integrated into instructional sequences to address
these misconceptions, providing teachers with real-time insights for
formative assessment. Despite the growing presence of technology
in education, LA remains underutilized at the primary level. The
study involved 235 fifth- and sixth-grade students completing
decimal number tasks through a Moodle-based platform. Students
were assigned to one of three conditions: tasks based on correct
examples (CE tasks, n = 79), erroneous examples (n = 80), or no
tasks (control group, n = 76). Results indicate that example-based
tasks significantly improve learning outcomes, particularly for
students with lower prior knowledge, who benefited more from CE
tasks. LA data effectively predicted student performance, demon-
strating its potential as a formative assessment tool. Importantly,
results suggest that the observed effects were consistent across
male and female students. These findings highlight the need to
integrate LA into daily teaching practice, enabling educators to
identify misconceptions and tailor instruction accordingly. Given
the positive student reception and the efficiency of LA-driven inter-
ventions, this study underscores its relevance for policy decisions
aimed at enhancing mathematics education in primary schools.
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formative assessment, learning analytics (LA), primary education.
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I. INTRODUCTION

TODAY’s education demands tools to expand and improve
the monitoring and feedback processes of monitoring and

providing feedback concerning the teaching-learning process.
In this search, Stanja et al. [1] proposed that the use of learning
analytics (LA hereinafter) in the field of education is currently
gaining a lot of interest because of its potential. In fact, as the
EDUCAUSE Horizon report stated, LA will be one of the most
important technological trends in the short–medium term [2].
Interest in it is justified because LA allows the collection and
analysis of large amounts of information almost immediately,
not only about the student’s own learning, but also about every-
thing involved in the learning process [3]. However, as Dubé and
Wen [4] and Rodríguez-Martínez et al. [5] pointed out, concrete
evidence is needed regarding how to implement it effectively in
the classroom.

Amarasinghe et al. [6] emphasized that the use of LA in the
teaching–learning process offers information that can be of great
interest in the design and development of tasks, although little
research exists that focuses on this issue. Hence, more research
about developing and analyzing the potential of LA tools and
design models about how to use them effectively is necessary
[7]. The need for more studies is vital at elementary education
levels, as there is little evidence concerning the use of LA at
this educational stage [8], [9]. Integrating LA with elementary
students does not require unfamiliar resources for teachers [5]
as this study aims to demonstrate. Using digital platforms gives
teachers tools to monitor learning and allows students to learn
at their own pace. [10].

Moreover, this design of learning sequences monitored using
LA is especially relevant in areas such as mathematics, since its
use can allow the analysis of possible comprehension problems
for students at an earlier age. In fact, the detection of miscon-
ceptions enables a personalized educational approach, as this
information tells us the content the student needs to work on
more, what tasks they need to do to improve understanding, or
if there are prior assimilation misconceptions [5]. The need for
early detection of these misconceptions is especially relevant
when students are learning decimal numbers as this is one of the
contents which students often find difficult [11]. Furthermore,
given the differences in academic mathematics achievement in
favor of boys [12], [13], LA may be a powerful tool to monitor
the learning process and detect gender gaps at an early stage.
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However, there are limitations in the current literature concern-
ing the use of LA in the assessment of students’ conceptions
[1]. In this regard, the ability to analyze if students can identify
their errors enables teachers to understand the misconceptions
students may have already assimilated. LA can help teachers to
prepare tasks and assess these misconceptions whenever they
arise.

In this setting, we explore the pedagogical approach of
example-based (EB) learning, an instructional strategy that
emphasizes the use of correct examples (CE) and erroneous
examples (EE) to enhance the learning process. The benefits
of studying CE have been widely documented in educational
research, showing significant improvements in learners’ abil-
ity to solve problems efficiently and effectively [14]. There is
also evidence in the literature which endorses the potential of
working with EE [11], [15], although it seems to be mediated
by students’ prior knowledge [16], [17]. To the best of our
knowledge, instructional approaches that combine the potential
of LA and EE have not yet been evaluated.

Considering all these aspects, this research seeks to investigate
the potential of LA in primary mathematics education and the
advantages it offers by leveraging the vast amount of data
collected on the teaching and learning process. This study hopes
to contribute to the educational community in three key areas:
1) to design digital tasks that can improve not only the academic
achievement of students but also their formative assessment; 2)
to use the LA information to identify students’ difficulties in their
daily academic performance; and 3) to understand students’ per-
ceptions about completing these digital tasks at home, in terms
of interest and usefulness, in order to analyze their willingness
to complete them as daily classroom assignments.

II. LITERATURE REVIEW

A. LA and Task Development: Enhancing Individualized
Learning Environments

Designing personalized teaching and assessment methods is
essential in today’s education [2]. Although personalized meth-
ods make it possible to provide more effective, individualized,
and continuous feedback [5] this process is still commonly
developed under classical summative paradigms. This is partly
because collecting data manually on each student’s progress
takes considerable time and effort [18]. In fact, manual data
collection is one of the main drawbacks when considering
alternative evaluation plans for teachers, due to the number of
students and associated tasks that must be evaluated. Hence,
teachers tend not to implement continuous evaluation plans and
personalized feedback in practice [19]. Therefore, the integra-
tion of technologies could be a feasible solution.

Nowadays, the use of technology in the teaching–learning
process is increasingly in demand. These technologies provide
the educational community with tools and new pedagogical
approaches that enable a change in the learning perspective.
In fact, competency frameworks, such as the European Digital
Competence of Educators, emphasize the need to encourage
autonomous student work in teaching sequences adapted to their
individual needs [20]. As indicated in this framework, the use
of LA enables this increase in continuous knowledge about the

teaching-learning process, and the application of quicker and
more effective measures adapted to each student. Many defini-
tions of LA exist, but one of the most widely used is proposed
by Long et al. [3]: “the measurement, collection, analysis and
reporting of data about learners and their contexts, for purposes
of understanding and optimizing learning and the environments
in which it occurs” (p. 1).

As highlighted in the 2022 Horizon Report [21], the great po-
tential that LA can have in the foreseeable future is due to current
technological advances, as this allows the collection of large
volumes of information at any time and in broad educational
contexts. In other words, educators can use LA information
to monitor the effectiveness of teaching-learning processes [2].
However, as different authors pointed out, it is time to put LA
into practice in the real education context and verify its potential
with practical evidence [4], [6].

There are limited studies evaluating the impact of LA on the
teaching-learning process, particularly in elementary education.
This has been substantiated by recent systematic meta-reviews
[8] and reviews [9], [22]. Gašević et al. [7] have identified three
central lines of research on the relationships between LA and
assessment that can set the roadmap for investigations in this
area. The first is “analytics for assessment,” understood as the
use of LA approaches to support the assessment of learning.
The second research line “assessment analytics” refers to the
development of approaches to analyze the principles of existing
assessment practices. The third “measurement validity” refers to
the development of conceptual models and practical approaches
to ensure measurement validity through LA.

In this article, we focus on two of these lines of study.
In particular, by integrating LA in the teaching of decimal
numbers in primary education (the first line), we aim to of-
fer a valuable formative assessment tool for teachers from a
didactic perspective. This approach takes into account docu-
mented common misconceptions in the understanding of deci-
mal numbers. It is designed to equip teachers with data-driven
information, enabling them to adapt their teaching strategies
effectively and make well-informed decisions to address stu-
dents’ needs. At the same time, we aim to measure its va-
lidity (the third line) by assessing how the LA data gathered
throughout the project are aligned with the test-type assess-
ment (written test) performed by the students at the end of
the project. Regarding gender, it is particularly important to be
able to detect differences in students’ academic achievement
in mathematics, as well as their causes, in order to take early
action.

B. LA and Mathematical Competence Under a Gender
Perspective: Integration of EB Tasks in the Teaching of
Decimal Numbers

Although there are many studies which focus on the appli-
cation of LA in mathematics, there is still a lack of studies
on its use in primary education [5]. Recent systematic reviews
highlight that existing research in K-12 is insufficient to address
the complexity of its implementation. These reviews indicate
the benefits of the application of LA across various curricular
contents within the mathematics classroom, demonstrating its
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positive impact on most students. However, there is a need to
develop deeper knowledge about its use and practice within the
mathematics classroom [23]. This is essential, as LA can help
teachers predict student achievement and identify students at risk
of dropping out [24]. When applied to decimal numbers, LA
allows quick detection of misconceptions, making it possible
to respond promptly with actions tailored to each student’s
needs [2]. Students’ misconceptions related to decimal number
learning are systematic and common; hence, they are predictable
[25], [26], [27], [28], [29]. Considering that misconceptions are
an inherent part of learning decimal numbers which persist over
a long period of time [30] and can internalize ideas which are dif-
ficult to change [31], LA could become particularly significant
when dealing with decimals.

Although different methods for diagnosing misconceptions
have been reported in the literature, LA provides teachers with
a new tool, which overcomes some disadvantages of previous
approaches, such as time consumed by interviews [26], [32] or
limited answers from multiple-choice tasks [33]. Hence, when
addressing the type of tasks students should perform regarding
decimal misconceptions, unfamiliar models (e.g., a number line)
could offer them the opportunity to reflect and achieve a better
understanding [34]. In this context, LA provides an opportunity
to manage and analyze information about student performance
and to give personalized feedback or even personalized learning
sequences. Obtaining this information in real time is a major
strength because of the influence that the teaching methodology
can have on student performance, especially when learning
decimal numbers using an EB approach. In this regard, research
affirms that using CE is useful for learners, both those with
low prior knowledge and those with high prior knowledge [14].
However, the effectiveness of EE seems to be mediated by the
learners’ prior level: EE is more effective for high prior level
students than for low prior level students [17]. As suggested
in [16], it is important to have a basic grasp of the instructional
material in order to be able to process the information at a deeper
level and, thus, benefit from EE. This distinction aligns with
constructivist perspectives, which assume that learning occurs
through the active construction of knowledge based on existing
cognitive structures. From this viewpoint, CE tasks offer clearer
support to learners with limited prior knowledge, while EE tasks
require more developed internal frameworks to be processed
effectively.

Concerning the differing performances of males and females
in mathematics, international assessments, such as the Program
for International Student Assessment (PISA) or Trends in Inter-
national Mathematics and Science Study (TIMSS), provide us
with a general image of the gender gap. According to TIMSS
2019, there are significant differences between boys’ and girls’
performance averages in close to half of the 58 participating
countries; particularly in Spain, achievement differences in
mathematics are higher than the average [13]. Nevertheless,
considering PISA 2018 results, the differences in mathemat-
ics achievement have been reduced in compared to previous
years, even though males still outperformed females [12]. In
this context, LA can help address a key limitation in previous
research on gender gaps in mathematics education: the reliance
on overall scores without analyzing specific skills or item-level

differences [35]. Related to this, a recent analysis based on a
model tries to quantify gender differences when addressing spe-
cific mathematical items [36]. When comparing number tasks,
differences between males’ and females’ performances were
found. These tasks were more challenging for girls, especially
when they involved comparing decimals. Likewise, considering
estimating tasks, the gender gap persists; girls present specific
difficulties when solving these kinds of tasks, leading to worse
results in the overall test.

C. How to Implement LA in Primary School? Digital
Platforms

Every learning activity must be designed taking into account
the intended learning objectives [37]. The use of digital plat-
forms to perform academic tasks allows the adaption of learning
sequences to the students’ own capabilities [38]. As pointed out
in [39], their use is not only gaining popularity but also present-
ing positive results when used with primary school children.
Digital platforms allow the integration of theoretical contents
and activities in an interactive way providing a user-friendly
interface for students. One of the most commonly used digital
platforms that meet these characteristics intuitively is Moodle
[40]. According to Ros Martínez de Lahidalga [40], its use
enables autonomous learning spaces in which both the students
and teachers can regulate how this learning is taking place. When
using digital platforms, such as Moodle, contents can constantly
be updated, with large amounts of accessible information about
the results, as well as the learning process [41], facilitating the
integration of LA in the classroom.

Teachers need to know whether the tasks are useful for
students, so they can design them in line with educational
goals and learners’ needs. By using LA in digital platforms,
teachers can easily obtain relevant information about how their
students are studying and learning. Usually, this task is quite
laborious without technological assistance, but platforms like
Moodle automatically collect relevant data, such as the time
spent on the course, the number of activities done, or assessment
scores [1], [10]. However, its potential is not only based on
the increased information gathering and the possibility of using
this information to predict students’ academic performance on
subsequent tests [1], [42], [43].

The systematic review conducted by Magalhães et al. [44]
stated that online homework is more effective in promoting stu-
dents’ performance compared with traditional homework. The
completion of tasks on digital platforms eliminates spatial time
barriers and enables students to adapt learning to their own pace,
which may lead to a better outcome [38]. However, Magalhães
et al. [44] highlight the existence of methodological limitations
in existing studies on homework. For instance, some studies
failed to control key variables when comparing both formats of
homework (e.g., students in the online condition completed tasks
individually, whereas those in the traditional condition worked in
groups)—an imbalance that introduces a confounding variable
and may compromise the validity of the comparison. There-
fore, future research should adopt more robust designs, such as
randomized sampling and the use of standardized assessment
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tools, to ensure more accurate and reliable conclusions about
the effectiveness of online versus traditional homework.

On the contrary, as pointed out in [44], most of the platforms
used in compulsory levels are produced by textbook publishers.
Hence, teachers do not have the opportunity to personalize and
modify activities or even create tasks, therefore not providing
pupils with activities adapted to specific didactic objectives and
their needs [37]. Working with personalized digital platforms ad-
dresses not only the diagnosis of different misconceptions when
considering decimal numbers—because of students’ exposure to
different activities [45]—but also the opportunity to work toward
a better understanding with unfamiliar models [34]. When con-
fronting unusual models in learning decimals, the number line
is less common [11] and poses a greater challenge for pupils in
primary education [46], [47]. Thus, it could be useful to incor-
porate complementary interactive models that allow students to
work with a number line, such as GeoGebra, which has been
shown to enhance students’ reasoning and visualization skills
[46] and can also be integrated into Moodle through its dedicated
plugin. Therefore, it is interesting to analyze platforms such as
Moodle in primary education to focus on proven effective tools
to address the usual difficulties that students face when learning
decimal numbers. Promising results have already been obtained
in primary math lessons in terms of academic performance [39],
though there is still a long way to go.

Through this research, we can help fill the gaps in the literature
surrounding LA in compulsory education. Most importantly,
the outcomes can enrich existing studies on the integration
and impact (if any) of LA in the classroom. The present study
also covers the evaluation of LA use in enabling the formative
assessment of elementary math students and their feedback on
the project. These ideas shape the proposed research questions
(RQs).

D. Research Questions

Considering the potential that LA could have in the design
and completion of mathematical tasks, the following RQs drive
the development of this study.

1) RQ.01: Do the students’ prior levels of proficiency, com-
pletion of CE or EE tasks, and gender influence the level
of understanding of decimals?

2) RQ.02: Taking into account the partial effects of gen-
der, experimental condition, number of tasks, and scores
obtained, can LA predict the level of students’ decimal
number knowledge?

3) RQ.03: What interest and usefulness do students per-
ceive after completing the designed tasks with the digital
platform?

III. METHOD

A. Design

To answer these RQs, a quantitative and experimental study
with pure randomization was carried out. This design was able
to be developed due to the nature of the tasks posed in which
the students worked autonomously within Moodle. This design
reduces the influence of unrelated variables and makes it easier

to replicate the study [48]. This design is supported by different
researchers [49] who described it as the most rigorous way to
study causal relationships between the study variables, since all
previous existing differences are left to chance.

Therefore, since both experimental conditions included stu-
dents from each class, possible biases such as differences in the
students’ previous level of mathematical competence linked to
decimal numbers, or due to the role of the teacher, were avoided.

B. Participants

In order to contact the schools participating in the study, the
required permissions were obtained from both the education
administration of the autonomous community of Castilla-La
Mancha and the ethics committee of the University of Castilla-
La Mancha (Date 7 April 2022./No. CEIS-632710-Z1N4). Fol-
lowing this, the administration itself informed the schools via
e-mail about this study. Interested schools were contacted and
informed about the study’s goals, procedure, and timeline.

Three schools from Castilla-La Mancha confirmed their par-
ticipation. The initial sample consisted of 380 students in the fifth
and sixth grades of primary school. However, for the analysis
of preestablished objectives, only those participants who took
the pretest and posttest, gave their consent to participate in the
study, and identified their gender were selected. The sample was
finally made up of 235 students (124 boys and 111 girls).

To comply with the experimental design, these 235 students
were randomly assigned to one of the following experimental
conditions. The randomization was facilitated through the use
of the Moodle platform, as each student was assigned a user-
name and password that randomly corresponded to one of the
experimental conditions (CE or EE), sequentially distributing
names from the participant list. The first condition, made up
of 79 students (39 boys and 40 girls), focused on different
tasks based on CE previously shown to students. In the second
experimental condition, made up of 80 students (40 boys and
39 girls), the same tasks were performed, but, in this case, EEs
were previously presented to students. To be considered in these
experimental conditions, the students had to have completed at
least three of the four tasks included in the project. The remaining
76 students (45 boys and 31 girls) were considered in the third
experimental condition established: No task group.

C. Instruments

For the execution and analysis of this research, four instru-
ments were used for different purposes.

1) Students’ Mathematical Learning: The Decimal Number
Test: Before and after the assignments, students completed a
pretest and a posttest to check whether there are differences
in their decimal number proficiency linked to the tasks before
and after the study. Specifically, this instrument was based on
the test developed and validated by Durkin [11]. From this
test, in order to reach the research objectives of this article, 50
items related to decimal concepts were used for the analysis.
Those items not directly linked to the academic achievement
reached in this mathematical content were discarded. In turn,
the activities proposed in these items were grouped into four
different dimensions.
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Fig. 1. Example of a text question for each dimension.

1) Dimension 1—comparison tasks: This dimension aimed
at determining students’ understanding of the real value
of each number presented. This dimension includes a total
of 25 items.

2) Dimension 2—density tasks: The purpose of this dimen-
sion was to assess students’ ability to recognize the ex-
istence of infinite decimal numbers between two given
values [26], [27], [29]. This dimension is evaluated based
on five items.

3) Dimension 3—number line tasks: The activities linked
to this dimension are designed to measure the students’
ability to represent and identify values on the number line,
and to establish relationships between given quantities
[29]. This dimension is made up of 19 items in the test.

4) Dimension 4—hidden number task: This dimension al-
lows for a general assessment of the students’ concept of
magnitude and their strategy for its interpretation [26],
[27].

Finally, an additional question was included so that the stu-
dents could state their gender if they wanted to. Fig. 1 shows an
example of test questions for each of the dimensions described
earlier.

2) Students’ Perception of the Learning Sequence: Learning
Object Evaluation Scale for Students (LOES-S) and Reduced
Instructional Materials Motivation Survey (RIMMS): To check
the students’ opinions about how to perform decimal number
EB tasks with the digital platform (RQ.03), two validated ques-
tionnaires were used.

First, the LOES-S developed in [50] was used. The five-level
Likert scale items of this questionnaire were adapted to our
learning object (the digital platform used) to evaluate the three
dimensions of LOES-S: 1) learning; 2) quality; and 3) engage-
ment of the learning object. Similarly, the RIMMS [51] was
used due to its validity and the capability of this instrument to
be adapted to experimental studies involving adaptative tech-
nologies. Previous motivational studies offered solid evidence
of the usefulness of this test [52], [53]. This questionnaire has
12 items which the respondent must answer on a five-level

Likert scale: from “totally disagree” (1) to “totally agree” (5).
A total of 12 items of this questionnaire are grouped into four
different dimensions: 1) attention; 2) relevance; 3) confidence;
and 4) satisfaction [51]. This made it possible to detect which
components were most affected by the performance of the
tasks.

D. Procedure

1) Planning: The intervention phase of the study consisted
of four weeks of tasks and the completion of the final assessment.
The decimal number test was administered before the interven-
tion period. Students were given 35 min to complete the test in
order to measure their prior knowledge regarding the topic. In
the classroom, where the test was performed, the students were
forbidden to use any material other than a pen or pencil. These
same conditions were repeated during the posttest at the end of
the intervention.

In relation to the development of the tasks linked to the work
on decimal numbers, these were to be done sequentially, once
per week. These tasks were designed so that students could
perform them autonomously at home via a digital platform
(see Section III-D2) developed for this purpose. To familiarize
students with the platform and address any questions, the first
lesson was carried out at school. The configuration of each of
the lessons is described in more detail as follows.

1) Introductory lesson: This was about 55 min long and
included the pretest (35 min) and the first virtual lesson
(20 min). The virtual lesson consisted of four comparison
tasks, as described earlier, and three videos to explain
decimal number concepts by using visual models such
as base ten blocks and the number line.

2) First work assignment: All the other tasks were done at
home and took about 15 min. This lesson was related to
density. It was made up of four density tasks and two
videos, one of them explaining the concept of density by
using the number line, and the other one showing a student
solving a density task in either the correct or incorrect way,
depending on the condition.

3) Second work assignment: This lesson and the following
one were related to the number line. In the second one,
the students were provided with 15 tasks—12 of them
designed with GeoGebra—and two videos. One of the
videos was about identifying and representing numbers
in the number line, and the other was an example of a
student solving a task involving representing numbers in
the number line, the correct way for one condition and the
incorrect way for the other.

4) Third work assignment: This was made up of nine tasks—
six of them designed with GeoGebra—and two videos
which were different for each condition. In each video,
a student solved a task in the correct or incorrect way
depending on the conditions.

The first session, lasting about 55 min, was devoted to the
pretest and the four comparison tasks described earlier. The
second, third, and fourth sessions were developed at home, and
each student completed the activities individually: the density
tasks, number line tasks I, and number line tasks II, respectively.
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Fig. 2. Pedagogical dynamic implemented during the intervention.

Fig. 3. Screenshot of the Moodle environment used.

Each task was designed to be completed in about 15 min. Finally,
the students completed the posttest at school (see Fig. 2).

2) Digital Platform: In order to design and carry out the
EB tasks, the digital platform Moodle was used. Within this
virtual environment, an online course was designed to learn
decimal numbers, and all the students were enrolled on this
course. Fig. 3 shows a screenshot of the environment in which the
students worked. Each student was given a personal username
and a password that allowed him/her to access the activities
in a controlled way. The proposed tasks were the same for all
the students (see Fig. 4 for an example); however, some videos
linked to the previously described work blocks were restricted
according to the experimental conditions the students belonged
to.

A total of 14 tasks were presented to the students over a period
of four weeks. The structure of these tasks remained constant
throughout this time. Each week, the students were assigned
different tasks related to one of the dimensions previously
described.

1) In the first week, four comparison tasks were proposed:
two were devoted to order five numbers from least to

greatest, one focused on the comparison between two
numbers, and one related to recognizing decimal numbers
represented on base ten blocks.

2) In the second week, the students completed four density
tasks: two oriented to finding a number between two dice,
and two related with approximation.

3) Finally, the third and fourth weeks were devoted to ad-
dressing the number line: three tasks each week concern-
ing the identification of decimal numbers on the num-
ber line. The number line tasks were complemented by
activities designed on the GeoGebra applet.

Apart from the GeoGebra activities, the rest of the digital
tasks were based on the tools provided by the platform itself,
including multiple-choice activities, correct answer selection ac-
tivities, and fill-in-the-blank activities. Regarding the videos, the
difference between the conditions was related to their content:
in the case of the CE condition, the videos showed a CE of how
to solve a task with decimal numbers (example of CE-condition
video). For the EE condition, the videos showed a student, at the
same educational level, solving the same task, but incorrectly
(example of EE-condition video). These videos were followed
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Fig. 4. Sample screenshot of a task as presented to students during the intervention.

by an explanation of the error made by the example student to
make the students aware of it.

At the end of each task, the students could see which activities
they had done correctly and which they had not done correctly;
they were also able to see the correct answer and their score.
In the case of GeoGebra tasks, the information provided to the
students was not only their final scores but also a review of each
individual error on the number line. In addition, GeoGebra was
integrated within the Moodle platform, and while it did not store
independent data, it returned a binary score to Moodle, indicat-
ing whether each task had been successfully completed or not.
In turn, the Moodle platform generated a report on the number
of activities performed each day by all the students enrolled on
the course, the scores and time spent practicing at home. These
reports allowed us to track participation and analyze learning
patterns across the different instructional conditions.

IV. DATA ANALYSIS

First, to analyze the effects of tasks and their type (EE and CE
tasks), a double moderation analysis was carried out. Posttest
scores were used as the dependent variable, the experimental
conditions as the independent variable, and the pretest scores
and gender as the moderator variables. This analysis makes it
possible to determine if the effect of EB tasks (if any) is moder-
ated by students’ prior understanding of decimals numbers and
by their gender.

Concerning the coding, in both the pretest and the posttest,
each item was marked binarily (1 and 0 for correct and wrong an-
swers, respectively). For each participant, the prior proficiency
level was calculated as the average (on a ten-point scale) of all
the individual scores of items from the decimal test. The same
procedure was used to calculate the final proficiency level using
the posttest scores. With regard to the analysis of these scores, a
planned contrast coding was applied to evaluate each of the direct
effects. To test the effect of the tasks (RQ.01), we contrasted the
No task condition against the EB task conditions (EE and CE

tasks) by employing the following contrast weights: No task
(−2/3), EE tasks (1/3), and CE tasks (1/3). To test differences
in the effect of the two types of homework [RQ.01(b)], the
following contrast weights were employed: No task (0), EE tasks
(−1/2), and CE tasks (1/2).

For the moderating effects, moderated analyses were con-
ducted with the macro PROCESS in R [54], and a Helmert
coding based on [55] was used to analyze the interactions for
each contrast. Again, the contrast weights were the same as
the previous ones with regard to [RQ.01(a)]: No task (−2/3),
EE tasks (1/3), and CE tasks (1/3). Type EB task contrast
[RQ.01(b)] also maintained the target weights: No task (0), EE
tasks (−1/2), and CE tasks (1/2). Finally, in case of significant
interaction detected, the Johnson–Neyman technique [54] was
applied to identify the regions of the pretest scores (moderator)
for which the effect of the experimental condition on students’
final level of proficiency was significant. This technique al-
lows you to determine the specific values of the moderator
variable at which the independent variable significantly influ-
ences the dependent variable, rather than relying on arbitrary
cutoffs.

Regarding the second RQ, a multiple linear regression was
used to verify the predicted potential of the EB task scores
obtained using the digital platform activities. Multiple regression
is a statistical method that assesses the relationship between one
dependent variable and multiple independent variables, enabling
the identification of the unique contribution of each predictor
while controlling the others. The resulting effect size of the
individual predictors was determined by calculating Cohen’s f2

with the semipartial correlation coefficients of the predictors as
determined using R. Finally, to discover the level of student
satisfaction and perceived usefulness linked to the EB tasks
performed, nonparametric Mann–Whitney U-tests were used to
analyze eventual differences based on gender, and Wilcoxon
tests to contrast by dimensions. All analyses were carried out
using the statistical software R [56] and with a significance level
of .05.
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TABLE I
DESCRIPTIVE DATA OBTAINED BOTH IN PRETEST AND POSTTEST IN EACH

EXPERIMENTAL CONDITION BY GENDER

V. RESULTS

The results obtained have been sequenced according to the
objectives previously described. For the first objectives, the sam-
ple was divided among the subgroups outlined in the participants
section for the analysis of the predictive model of LA. Only those
students considered to have done the activities (EB groups) were
taken into account (RQ.02). Finally, to discover the students’
opinions about these types of tasks (RQ.03), only those who
voluntarily responded to the survey were analyzed.

A. RQ01. Academic Performance Achieved

First, regarding the pretest and posttest results by gender, the
descriptive statistical data according to the three experimental
conditions are shown in Table I. All groups improved in their
decimal number proficiency. However, those students who did
not complete the tasks reached a low level compared with those
who did. The descriptive data show a higher level of mastery
of decimals by boys compared to girls. To verify whether these
differences were statistically significant, an inferential analysis
of the data was performed.

A double moderation analysis with two moderators was
conducted to evaluate if the effect of EB tasks on students’
decimal number proficiency was influenced by the experimental
condition (first moderator) and gender (second moderator). The
analysis determined that there is no interaction between mod-
erators and the independent variables (F(2, 223) = 1.68, p =
0.1881) nor between moderators [b = –0.05, t = –0.15, p =
0.08848 (Contrast 1); b = –0.15, t = –0.35, p = 0.7288 (Con-
trast 2)]. As a consequence, simple moderator analyses were
conducted.

First, the analysis showed that gender did not significantly
moderate the effect of EB tasks (F(2229) = 1.83, p = 0.1620).
Nevertheless, it revealed that pretest scores were a significant
moderator for the effect of EB tasks (F(2229) = 9.94, p <
0.0001). Indeed, the interaction was statistically significant for
both Contrast 1(b = –0.21, 95% CI [–0.32, –0.10], t = –3.78,
p = 0.0002) and Contrast 2 (b = 0.15, 95% CI [0.02, 0.29], t
= 2.19, p = 0.0295), indicating that the students’ prior level
of proficiency was a significant moderator of the impact on
the effectiveness of EB tasks. The analysis also showed sig-
nificant differences between the EB and No task groups (b =
2.22, se = 0.38, 95% CI [1.47, 2.98], t = 5.83, p < 0.0001),
indicating a positive effect of EB tasks compared to No tasks
(see Fig. 5).

A Johnson–Neyman analysis indicated that the effect of EB
tasks compared to No tasks was statistically significant for

Fig. 5. Interaction plot for the effect of EB tasks.

Fig. 6. Confidence interval of Johnson–Neyman technique for the effect of
the EB task type.

students with pretests scores under 8.82; this implies that the
tasks are effective for almost all the participants. In order to
examine, in depth, to what extent the effectiveness of EB tasks
was moderated by the students’ prior level of proficiency, a
second planned contrast was conducted comparing the two EB
experimental conditions. In this case, a significant effect was
found (b = –1.34, se = 0.54, 95% CI [–2.40, –0.28], t = –2.49,
p= 0.0136). This result indicates that the students’ pretest scores
significantly moderate the impact of the activities mediated
by LA for the two EB experimental conditions. The Johnson–
Neyman technique demonstrated that the statistical differences
between CE and EE task conditions took place for students’
pretest scores under 6.75 (see Fig. 6).

B. RQ02. LA-Predictive Model for Decimal Number
Comprehension

To analyze the potential of using LA to predict the students’
decimal number proficiency level reached through the scores
obtained in the activities (hereinafter LA-task scores), a multiple
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TABLE II
MULTILINEAR REGRESSION ANALYSIS SUMMARY FOR PREDICTING ACADEMIC

ACHIEVEMENT IN DECIMAL NUMBERS

linear regression was calculated. Only those students who per-
formed tasks (EB groups) were taken into account. Considering
the scores obtained in the EB tasks, a significant regression
equation was found (F(1185) = 269.5; p < 0.0001; R2 = 0.59).
Accordingly, the students’ scores in the EB tasks can effectively
predict the proficiency level on decimal numbers in a subsequent
posttest. However, other moderators, such as the number of tasks
performed or gender, could adjust the final model presented. In
this regard, when the number of tasks done is incorporated into
the model, the regression equation was found to improve the
prior model (F(2184) = 149.7; p < 0.0001; R2 = 0.62). Not
only is the number of tasks a significant moderator variable
(see Table II), but it also improves the efficacy of the model
developed. Finally, when gender is also considered in the model,
again, a significant regression equation was obtained (F(3183)
= 103.3; p < 0.001; R2 = 0.63). Overall, the inclusion of all
these factors improved the final model.

As can be seen in Table II, the participants’ predicted decimal
number proficiency is equal to 2.02, –0.37 (gender), +0.78
(LA-task scores), and +0.1 (number of EB tasks done), where
gender is coded as 0 = male and 1 = female; LA-task scores
obtained are measured on a ten-point scale, and the number of EB
tasks on a 14-point scale (total number of tasks performed). The
male students scored 0.37 more than the females in the posttest.
Finally, regardless of gender, the performance of one more activ-
ity reveals an improvement of 0.1 on the posttest, and in turn, an
improvement in the performance of these activities by one point
indicates a subsequent improvement of 0.78 in the final level
of performance with decimal numbers. Thus, taking everything
into account, gender, the number of tasks performed, and the
scores were significant predictors of the post proficiency level.

C. RQ03. Students’ Perception About the Designed Tasks

To analyze the last research objective, the results obtained
in the LOES-S and RIMM(S) questionnaires were used. These
questionnaires were voluntary and anonymously completed by
the students who did the tasks via the digital platform at the end
of the experimental phase.

First, the reliability of the questionnaires for the sample
analyzed was confirmed by Cronbach’s alpha. Regarding the
LOES-S questionnaire, a Cronbach’s alpha higher than 0.9 was
obtained (α = 0.932), something that also happened in the
RIMM(S) test (α= 0.949). The results obtained by dimensions
and gender can be seen in Table III.

As can be seen, despite the fact that females seem to have
scored better on the tasks on the digital platform, no statistical
differences were found between the boys and girls for any

TABLE III
DESCRIPTIVE DATA OBTAINED IN LOES-S AND RIMM(S) QUESTIONNAIRE BY

GENDER

dimension (Learning, U= 1125.50, p= 0.056, r= 0.18; Quality,
U = 1344.50, p = 0.586, r = 0.05; Engagement, U = 1324.00,
p = 0.503, r = 0.06; Attention, U = 1378.00, p = 0.739, r =
0.03; Relevance, U= 1208.50, p= 0.161, r= 0.13; Confidence,
U = 1351.00, p = 0.616, r = 0.05; Satisfaction, U = 1168.00,
p = 0.099, r = 0.16).

Although no gender differences are observed, the comparison
between dimensions for each instrument is relevant. Concerning
the LOES-S dimensions, the participants rated higher learning
compared to engagement (Z = –3.28, p = 0.001, r = 0.32),
and quality compared to engagement (Z = –7.15, p < 0.001,
r = 0.69) and learning (Z =–6.50, p < 0.001, r = 0.63). These
results suggest that students viewed both the design and useful-
ness of the tasks in a positive light. The results of comparing
dimensions from RIMMS would point to the same direction,
where it is observed that the relevance dimension has the highest
score compared to attention (Z = –5.05, p <0.001, r = 0.49),
satisfaction (Z = –4.08, p < 0.001, r = 0.39), and confidence
(Z = –3.91, p < 0.001, r = 0.38). However, no difference was
observed between confidence and attention (Z = –1.54, p =
0.123, r=0.15), satisfaction and attention (Z=–0.12, p=0.904,
r = 0.01), and between satisfaction and confidence (Z = –0.93,
p = 0.353, r = 0.09). Again, these results highlight that among
the dimensions of both instruments, those that receive a better
rating from the students are those that refer to the good design
of the tasks and their effectiveness, usefulness, and importance
for the learners.

VI. DISCUSSION

Despite the widespread presence of technology, adopting it
in meaningful ways for teaching and learning is still a work in
progress for many educators [2]. In this regard, the implementa-
tion of LA techniques not only can be put into practice, but their
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use can also help educators in their teaching practice [6]. LA al-
lows teachers to gather massive and immediate information and,
thus, monitors everything surrounding the teaching–learning
process [1], [3], [5]. This is the reason why the effective use
of LA has recently been included among teachers’ technolog-
ical competences [20]. However, the use of LA requires more
research along the lines of developing effective classroom pro-
cesses [4] through evidence-based teaching tools and models [7].
This is even more important at levels such as primary education,
given the scarce evidence on how to implement them effectively
at primary levels [9], [22].

The present study aimed to provide an answer along these
lines by proposing an EB teaching sequence in mathematics
through a digital platform. Specifically, it focused on decimal
numbers due to common and systematic misconceptions when
dealing with them [11], the possibility of their persistence over
a long period of time [30], and the resulting difficulty to change
when they become internalized ideas [31]. Moreover, prioritiz-
ing the presence and analysis of the gender gap in mathematics
education [35], this study takes advantage of LA’s potential
to predict these possible differences as previously reported in
international assessments, such as PISA 2018 [12] or TIMSS
2019 [13].

According to the results, the tasks were effective, even though
students completed them in a short period of time. This supports
the idea that task quality matters more than completion time [57]
and avoids the possible development of negative attitudes toward
school because of exceeding recommended amounts of time
spent on homework [58]. Regarding the differences between
each condition, considering the pretest scores and disregarding
gender, those students who performed the tasks reached a sig-
nificantly higher academic performance in the posttest. While
gender did not significantly moderate the effectiveness of the
tasks in this study, previous research has highlighted persistent
gender differences in mathematics achievement. International
assessments, such as TIMSS and PISA, indicate that males tend
to outperform females, though the gap has narrowed over time
[12], [13]. Spain shows higher-than-average gender differences
in mathematics performance [13]. Beyond overall achievement,
recent studies suggest that specific mathematical tasks, such as
number comparisons and estimations, present greater challenges
for female students, especially when decimals are involved [34].
In this study, both genders benefited equally, suggesting that
the task design and digital tools may have minimized these
differences. However, LA offers the potential to analyze per-
formance at a more granular level, moving beyond aggregate
scores to identify subtle patterns of how students of different
genders engage with specific mathematical skills [33]. Future re-
search could explore whether these tools help tailor instructional
strategies to reduce gender disparities when they arise.

The two experimental conditions of CE and EE allowed us
to see how the effectiveness of each task is moderated by the
students’ prior knowledge; those students with a low prior level
of proficiency benefited more from CE tasks, while there are
no significant differences between the tasks’ effectiveness in
students who obtained an average above 6.75 in the pretest.
This is in contrast with authors who defined sequences based on

incorrect examples as promoters of better results, without con-
sidering the prior level of each student as a moderator [11],
[15]. However, other studies have reported the influence of prior
knowledge on the success of each type of instruction: having
low prior knowledge could explain why CE tasks are more
effective than EE tasks in this group of students. EE tasks present
a cognitive challenge for students with lower prior knowledge
due to the lack of understanding of the concept of the error and
its causes [16], [17]. These findings are coherent with construc-
tivist learning perspectives that assume that students interpret
and build new knowledge based on their existing cognitive
frameworks. When these frameworks are not yet sufficiently
developed, tasks that involve processing errors may be harder to
use productively.

In addition, the possibility of collecting information related to
task resolution through individual logs for each student enables
the analysis of the effectiveness of this information to predict
their final academic performance [10]. The second RQ was
posed taking into consideration the interest that the educational
community has in using this information to improve the teaching
and learning process [42]. Using the number of activities com-
pleted by each student, as well as the students’ performance,
and considering their gender, we were able to build an effective
predictive model of the students’ understanding of decimal tasks
after the intervention. These findings support using LA as a
useful tool for formative assessment.

VII. CONCLUSION

Even though personalized learning and formative assessment
are widely recommended, they are rarely used in practice [19].
However, their integration in the teaching–learning process pro-
vides more information about the process itself as well as an
improvement in the early diagnosis of students’ abilities and
difficulties. As a consequence, LA makes it possible to take
in-time educational actions without the need to wait until the
final summative test [5]. In fact, LA is a useful and necessary
technique to be acquired by teachers, since it helps them to col-
lect information more easily and quickly [20], which when done
manually can be hard and tedious [18]. Still, its implementation
in primary education has been little studied so far [9].

The present study marks a significant advancement in this
field of research by exploring the use of LA to improve for-
mative assessments of primary mathematics students, focusing
on the design and execution of activities on decimal numbers
targeting misconceptions. The implementation of LA within
these contents is justified by the large knowledge deficiencies
that students commonly have [11]. Based on the results, the
use of LA-mediated data makes it possible to predict student
performance on a subsequent test [1], [42], [43]. This predictive
ability allows teachers to act earlier [5], which may be a key
contribution of integrating formative assessment at early ages.

This study combines digital tasks with LA to improve learning
and track student progress. Specifically, the use of a Moodle-
based digital platform enabled the design of EB tasks com-
bining short-interactive activities and videos with CE and EE.
Students who completed the tasks showed greater improvement
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in their knowledge, being the effectiveness of EB tasks being
moderated by the students’ prior knowledge. Thus, students
with low prior knowledge profit more from CE tasks, though
there are no differences when their pretest scores are higher
than 6.75. The usefulness of these activities, and their potential
to be mediated by the students’ prior knowledge, aligns these
results with previous studies [16], [17]. Therefore, this issue
should be considered, as detailed in the practical implications
when tailoring instructional sequences.

Furthermore, while students performed the tasks, different
information about student performance was gathered. This infor-
mation can be useful for teachers to know how the learning pro-
cess occurs in real time [7], [10], [40], [41]. Moderator variables,
such as gender, the number of tasks done, and subsequent scores,
are effective predictors of the academic achievement reached,
aligned with the conclusions stated in [1] and [42]. The present
study has proven that the greater the number of tasks completed,
and performance achieved, the higher the academic performance
will be. The potential for higher academic performance justifies
the implementation of these tasks and their utility for teachers
when gathering consistent information as part of their teaching
practice.

In addition, the research provides insights into students’ per-
spectives on these digital tasks, highlighting their engagement,
interest, and perceived value. Although the tasks may not seem
innovative, evaluation results show that students found them
well designed and highly useful for their learning. This could be
due to the highly focused design that aims to address relevant
difficulties for students in this mathematical field, resulting in
short-duration homework that avoids repetitive work.

A. Limitations and Future Studies

Since the completion of this study, new interesting approaches
to analyze in future studies have emerged in line with the
results found. First, since the participating schools volunteered
to take part in the study, there is a risk of sampling bias: these
schools may be more interested in educational innovation and
technology-enhanced learning, which could limit the generaliz-
ability of the findings to other school contexts.

Second, a limitation in the study configuration is the eco-
logical definition of the No task condition, which emerged
organically during the research process. As the assignment of
students to this group was not randomized, control over the
variable of prior knowledge could not be ensured. Future re-
search would benefit from investigating this issue as a starting
condition by proposing alternatives to the performance of the
tasks. It would also be interesting for future research to include
a comparison with a traditional pencil-and-paper group. This
comparison could provide valuable information on the effec-
tiveness of different learning methods, further improving our
understanding of educational strategies in various settings.

Moreover, considering the results obtained, to replicate this
study, but carrying out all the tasks as classroom activities
instead of homework, could be of interest as it would allow
us to verify if the benefits of EB tasks extend to all students,
even those who usually do not complete their homework at

home. On the other hand, developing similar tasks with other
mathematical contents, or even other areas or educational levels,
could lead to relevant conclusions in the educational community.
Furthermore, a longer study incorporating more complex EE
tasks and interactive activities could offer new insights into stu-
dents’ long-term engagement and learning outcome. While the
GeoGebra activities are interactive, most of the tasks were not,
due to the limitations of the LMS Moodle, which, despite being
widely used, presents important constraints for the development
of mathematical tasks. Future research could address this by
incorporating a higher degree of interactivity in the sessions.
Longer term studies could help assess the lasting impact of CE
and EE tasks, as well as whether their effectiveness continues to
depend on students’ prior knowledge levels.

Finally, given that the study has been developed in primary
education, but contains practical implications for teachers, eval-
uating instructional sequences at the university level of teacher
training on the use of LA-based tools could open a new line
of research of interest and importance for the scientific and
educational community.

B. Implications for Practice

This study aims to contribute to the educational community
with empirical evidence concerning the use of LA in primary
education, a domain where such evidence has been relatively
scarce. LA can support teachers in monitoring and guiding
students’ understanding of decimal numbers through formative
assessment. By using the information provided by Moodle, a
platform widely used in educational environments for its cost
effectiveness, teachers can identify and address specific student
misconceptions in real time, leading to more personalized and ef-
fective teaching. Furthermore, the integration of predictive LA as
part of this approach could yield significant educational benefits,
aligning with previous studies in other mathematical contents,
areas, or educational levels [5], [8], [9]. However, to the best of
our knowledge, no studies have reported similar predictive mod-
els with primary school students. This data-driven assessment-
based approach represents an important step forward in creating
responsive and effective educational environments for math-
ematics education and, in particular, decimal numbers, while
allowing teachers to achieve this formative assessment through
LA-mediated data collection on a semiautomatic, predictive, and
daily basis [1], [10], [19].

Based on the results, educators designing instructional se-
quences should consider that CE tasks tend to be more effective
for students with lower levels of prior knowledge, whereas EE
tasks may be more appropriate for those with a stronger foun-
dation. These recommendations are supported by the greater
cognitive demand associated with EE tasks.

Finally, using two validated instruments, LOES-S and
RIMMS, we evaluated the students’ perception toward the
instructional sequence that they completed in the experimental
phase (RQ.03). The results show a moderate value in the interest
dimension, which is expected considering that it is an evaluation
of school duties. Therefore, one of the most valuable results
comes from the participants’ appreciation of the quality and
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relevance of the tasks, which would be associated with positive
impact on their learning. In the same vein, results from a system-
atic review [44] would point in this direction, as they underlined
the greater effectiveness of this type of digital task compared
to traditional homework. Overall, the tasks not only supported
academic achievement but were also perceived as effective by
the primary school students.
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