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Abstract: Metacognition is a construct that is noteworthy for its relationship with the prediction
and enhancement of student performance. It is of interest in education, as well as in the field of
cognitive psychology, because it contributes to competencies, such as learning to learn and the
understanding of information. This study conducted research at a state school in the Community of
Madrid (Spain) with a sample of 130 students in Grade 3 of their primary education (8 years old).
The research involved the use of a digital teaching platform called Smile and Learn, as the feedback
included in the digital activities may have an effect on students’ metacognition. We analyzed the
implementation of the intelligent platform at school and the activities most commonly engaged in.
The Junior Metacognitive Awareness Inventory (Jr. MAI) was the measuring instrument chosen
for the external evaluation of metacognition. The study’s results show a higher use of logic and
spatial activities. A relationship is observed between the use of digital exercises that have specific
feedback and work on logic and visuospatial skills with metacognitive knowledge. We discuss our
findings surrounding educational implications, metacognition assessment, and recommendations for
improvements of the digital materials.

Keywords: metacognition; educational technology; digital material; primary education; feedback;
user experience research (UXR)

1. Introduction

The study of knowledge and how it is developed, built, and regulated has been a feature of the
literature on different constructs and variables since the research by James, Piaget, and Vygotsky. Many
of these variables are now contained in the theories on metacognition and self-regulated learning [1–3].
Flavell [4,5] began to use the term metacognition in the 1980s, and its study has continued uninterruptedly
since its consolidation in the 1980s and 1990s [1,6–10]. According to Flavell [5], the term “metacognition”
may be described as the ability to know what one knows and how that knowledge is used. The theory
propounded by Flavell [5] considers sundry variables that could be linked to metacognitive knowledge,
such as tasks, strategies, and individual characteristics. Metacognitive knowledge is, therefore, defined
as: “that part of your accumulated world knowledge that has to do with people as cognitive agents
and their cognitive tasks, goals, actions and experiences” (p. 906, [5]). Brown [11] pursues another line
of study, focusing on the understanding students have of their cognitive processes and their ability to
regulate them. These frameworks have informed studies into students’ metacognitive development [1].
Interest in the study of metacognition reappeared in recent years in line with the need to develop the
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profiles of students capable of coping with future challenges [10,12,13]. This highlights the importance
of metacognition in regulating and controlling learning [14–16]. These processes in may also establish
an important relationship with other variables, such as students’ cognitive processes and motivation
to perform classroom tasks [12,17–22]. This research stream includes several studies, such as those
by Pintrich [2], Magno [9], and Schmitt and Sha [23]. Nevertheless, its nature as a multidimensional
construct means that there is a wide diversity of definitions in the literature, depending on the
interpretations or perspectives that scholars adopt for the relationships between the variables [8].

Besides being useful during schooling, the development of metacognitive skills and knowledge may
be beneficial in the acquisition of competencies such as learning to learn [13]. Metacognition helps to bolster
critical thinking and the assimilation of information, which are becoming crucial factors for the use of new
technologies in our globalized world [12,20,24–28]. The literature in this academic field contains studies
on memory-related metacognition [29], reading [11,23,30,31], and the subjects of mathematics [31–33] and
sciences [24,34,35], along with others that focus the different variables related to metacognition for improving
the learning process [15,19,36]. Most of these studies stress the importance of making students realize the
different ways of learning through which they can regulate their cognitive processes [10,12].

It is worth understanding how, therefore, students begin to gain an awareness of their knowledge
and how they develop their monitoring and regulating strategies. In turn, this metacognitive knowledge
advances in the different stages of schooling, from early childhood education [13,20,23,37], with its
improvements in use and comprehension from the ages of seven or eight, to adulthood [7,16,25].
Metacognitive regulation can also be worked on through the practice and experience acquired from
the skills and strategies promoted in the students’ milieu [6,12]. Nevertheless, the development of this
regulation is slower than the acquisition of metacognitive knowledge [23]. At this point, the teacher’s
role is important because of a teacher’s ability to influence the student’s thinking process as it develops.
To ensure that this process unfolds in the appropriate manner, students need to be provided with
feedback on their progress, thereby helping them to acknowledge what they have learnt and to
understand what processes they are using, as well as the knowledge acquired. This will enable them
to establish a platform upon which they can regulate their improvement [7,12].

Digital teaching materials and games often provide feedback for students that help them in their
decision-making and in improving their performance over the course of the activity [32,38–40]. For this
material to fulfil the purpose of developing metacognition by working on cognitive processes through
feedback, it needs to have certain pedagogical characteristics and an appropriate design (e.g., [32,41,42].
Digital materials may instill in students the necessary level of engagement for succeeding in tasks
and repeating their success, according to the feedback obtained when continuing to improve with
practice [24,28,38,41]. This could mean increasing the students’ long-term retention and learning
abilities [39]. Nevertheless, there is still a need to continue exploring the variables that may be useful to
build a design framework for digital materials to facilitate students’ learning and skill development [41,42].
The importance of the methods for implementing these materials and instructing teachers in their
classroom use should also be highlighted [42].

Addressing cognitive processes through digital activities or games may be done to promote
reflection processes. Working on these aspects, as well as on the students’ learning strategies, may
aid metacognitive development [43,44]. Consideration should also be given to students’ cognitive
limitations when choosing the material to be used in the classroom. These restrictions depend on the
students’ development stage, as it may affect the understanding of and performance at the tasks the
material [14,44]. In turn, the use of these digital materials in the classroom may provide teachers with
support in the schooling processes that are most suited to their students, which will also guide the
individual observations and assessments of student progress [41].

The present research analyzes the use of different activities by area of knowledge in the lessons
of 3rd Grade students (8 years old). As a second aim, we explore the relations that the use of digital
materials, with several kinds of feedback, have to metacognitive knowledge or its regulation among
students in Grade 3 of their primary education.
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The Smile and Learn Platform

Smile and Learn is an intelligent platform in the field of educational technologies. As of March 2020,
this intelligent platform contains more than 5000 digital activities. These activities can be classified as games,
quizzes, videos, and tales, all of which have been designed and supervised by a multidisciplinary team of
educators. Most of these activities can be played at different levels of difficulty. The different activities
are organized through categories into eight worlds according to the type of knowledge they represent.
Worlds are related to various academic subjects: Science, Logic, Literacy, Emotions, and Arts. These areas
provide teachers additional material and activities for use in their lessons [45]. Also, a recommendation
system based on artificial intelligence is featured in the platform to recommend activities according to the
children’s performance [46].

One advantage of the implementation and analysis of the Smile and Learn platform is that it
includes activities for all subjects. This allows one to analyze usability of several activities during
lessons. This process may reveal the preferences for different areas at school to use technological
resources. In the same way, a learning analytics system is included to provide feedback to teachers
based on student performance. The feedback graphics (Figure 1) via learning analytics illustrate the
progress in percentages or right or wrong answers and the time needed to complete the activity.
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Figure 1. Graphics of the feedback for each game on the Smile and Learn platform: (a) Feedback
graphics of the right and wrong answers each time played; (b) feedback of the progress from several
play sessions and levels played.

The feedback included for the digital activities is designed to show the students their successes
and mistakes, their time taken to perform the tasks, or a time counter of their undertakings, as well as
their progress or increase in levels as they advance. These are activities that can be constantly repeated
through different exercises to facilitate student instruction.

The following are a number of examples that could help develop metacognition: pairing activities,
jigsaw puzzles, comparison exercises, activities for finding and selecting information, self-assessments,
and activities that link knowledge to its application in everyday life, among others [7,12,13,17]. Within
these activities, teachers may provide students with different types of feedback: summative, formative,
indirect, direct, simple, complex, etc. [38,40,47,48]. Suitable feedback on each task’s performance might
be based on the learning process through monitoring, guidance, and self-assessments for metacognitive
development [10]. At the same time, feedback can help students self-regulate their learning, thereby
reinforcing their engagement and the achievements of their goals [22,47].

According to these guidelines, the following are some of the characteristics that should not be
ignored in the activities: initial self-assessment questions, the establishment of clear goals at the
beginning of each activity, feedback on progress and areas for improvement, and the possibility
of repeating the activity as often as necessary, among others [10]. Feedback is required to record
achievements through student actions. This fulfils two basic requirements: providing information and
helping draw up a new strategy to offer a response for achieving the goal [38]. Feedback can, therefore,
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be defined in this way—as the information the students receive about the efficacy of their actions and
as an aspect that empowers their interest in persevering in the activity [49].

On the Smile and Learn platform, there are feedback differences between several worlds, described
as follows (Figure 2):

• Science: This world features activities in the field of science. Feedback included during this
activity includes initial self-assessment questions and right or wrong answers.

• Spatial: This world trains visual–spatial and cognitive–spatial skills. Feedback on these activities
includes right or wrong answers during the activities and the time needed to complete them.

• Logic: This world works logic–mathematical skills. Feedback included in these platform activities
is more variable than that in other worlds. Feedback includes right or wrongs answers, corrections
and specific feedback for mistakes, the time needed to complete the activities, and the level
reached during the progress of adaptative calculations.

• Literacy: These activities are based on tales, vocabulary, word games, etc. Feedback for these
activities offers right or wrong answers.

• Emotions: This world has activities used to develop emotional skills. Feedback provided during
these activities includes right or wrong answers, as well as the time needed to complete the activity
(for some).

• Arts: Artistic activities that include right or wrong answers.
• Multiplayer: This activity includes games against the machine or classmates. Feedback includes

right and wrong answers.
• An additional activity without feedback where the student manages the resources earned by the

activities performed to build virtual villages.
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score screen for practice multiplication; (f) timed feedback for the spatial world in the puzzle activity.

2. Materials and Methods

2.1. Participants and Cohorts

The sample consisted of 130 students in Grade 3 (8 years old) at a state school in the Community
of Madrid (Spain). The cohort was selected by means of non-probabilistic sampling. The school was
selected from among several schools that joined the pilot groups within the Community of Madrid
during the first year of implementation. Some characteristics for selection were: being a state school,
having a sufficient number of digital devices for every child to use, engagement of the teachers with the
platform, and collaborating with the research project. At the beginning of the school year, the students’
ages were as follows: Mean = 7.89; SD = 0.311. At the end of the year, the ages were: Mean = 8.49;
SD = 0.503. There were 72 boys (55.38%) and 58 girls (44.62%).

2.2. Instruments

The questionnaire Junior Metacognitive Awareness Inventory (Jr. MAI) [50] was used for
compiling data on the metacognition variable. Model A was used and adapted for children aged 8–11.
This questionnaire consists of 12 questions, with an answer scale ranging from 1 to 3 and an α-Cronbach
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of 0.76 [50]. This questionnaire is composed of two factors that correspond to the metacognitive concept
formulated by Brown [11].

• Metacognition Knowledge (K): This factor assesses students’ knowledge about their learning
process. It consists of 6 items that provide the final score for this factor. Metacognitive knowledge
corresponds to an understanding of cognition or of cognitive processes, focusing on declarative
knowledge regarding “knowing about”. This involves knowledge on the strategies and procedures
for resolving the task (processes of reading, writing, memory, problem-solving, etc.) and also
includes understanding the effectiveness of the individual capabilities, skills, and experiences for
performing a task [51,52].

• Metacognition Regulation (R): This scale assesses whether students recognize their regulation
process in learning tasks, as well as if they apply this process when they study or work in class.
R is built with 6 items that give the final score. Metacognitive regulation (or the regulation of
activities that control thought and learning) focuses on procedural knowledge—in other words,
“knowing how”. Three key processes are distinguishable within this aspect. First, there is the
anticipation or planning of activities prior to a task’s resolution to anticipate activities and their
outcomes. Then, there is the control, monitoring, and regulation of strategies during a task’s
resolution, which are applied to a task’s resolution through the verification, correction, or review
of the strategy used. Third, there is the assessment of the results obtained, according to the goals
pursued and their efficacy [51,52].

Since the questionnaire was originally drafted in English, it was translated into Spanish to ensure
that all the students can fully understand it. We followed the basic recommendations to adapt the
questionnaire according Muniz, Elousa, and Hambleton [53]. The α-Cronbach is 0.56.

This questionnaire was selected after a literature review and was able to be applied to the age group
selected for the study. Although research on metacognitive variables has increased in recent years,
the evidence found in the literature is usually applied to older populations with better management of
their metacognitive regulation (e.g., [14,53]). There are few questionnaires that assess metacognition at
age 8. First, however, we decided to carry out a study on metacognition as it is a relevant construct
for the academic lives of students. We also started with this analysis because children begin to use
technology at very young ages and because we wanted to determine whether there is relationship
between both variables at these ages.

On the other hand, most of the instruments designed for analyzing said data are based on
interviews or self-assessments and self-reported questionnaires (e.g., [37,50,54,55]). This generates
controversy when evaluating metacognitive variables. For 8-year-olds, carrying out a self-assessment
of one’s abilities and processes [5,54] is psychologically difficult to perform and troublesome to
communicate. Despite this, self-reports are the test most commonly used to collect data from large
samples [56]. This study used the Jr. MAI questionnaire due to its simple application to the selected
population and its extensive use in the literature, together with its counterpart for other ages: the
Metacognitive Assessment Inventory (MAI) [8,26,32,54,57,58]. The instrument used for compiling
metrics on the usage time of the digital material was the Smile and Learn platform itself, which was
used during the present study with the class. Each activity played on Smile and Learn platform records
the time and provides additional feedback on performance, allowing the creators to analyze and study
general patterns of behavior to design more personalized experiences for users. This collection of
usage time facilitates the analysis of the most commonly played areas and the time dedicated to each.

2.3. Procedure

The first step involved explaining the procedure to the school and seeking the families’ consent.
The information provided included assuring the school community that the data gathered would
be used solely for the research project in this study. For the assessment of the digital material and
its relationship with the development of metacognition, a quasi-experimental study was conducted
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during the school day. Pre-test data were collected at the beginning of the school year in October 2018.
Following this initial step, the teachers were instructed in the use of the platform, which they deployed
during class time over six months. Post-test data were then collected in April 2018 following the same
procedure. The questionnaire was administered by two external evaluators who responded to any
queries the students might have had.

The teachers’ sessions, held on both a group and individual basis, involved showing the students
how the Smile and Learn platform works, how to use its functions to customize their profiles, and how to
prepare teaching units through the choice of applications (for example). Furthermore, to help teachers
choose the material that could be used each year, a teacher’s book was compiled with the activities
corresponding to each year according to the school curriculum of the Community of Madrid. Didactic
guidelines and activities information were also provided (included as Supplementary Materials).

The purpose of the material developed by Smile and Learn is to complement and assist teachers.
Based on this premise, and thanks to the platform’s unrestricted use at the school, we assessed the
implementation and real-world use of the different applications (games, quizzes, videos, and tales)
within the classroom. Teachers were free to choose the activities they wanted to work with in class to
analyze their preferences. The time spent on each activity may reveal the temporal differences between
each one of the worlds into which the activities are grouped according to the skills they address:
science, spatial, logic, literacy, emotional, art, and multiplayer.

2.4. Data Analysis

The students were mapped according to their user data gathered by the platform. The users
registered in the platform’s database were tracked in tandem with all their peers in their Grade 3
classes (8 years old) to obtain a 1:1 ratio. The time of use was calculated according to the time taken by
the different activities that comprise each of the worlds.

The statistical software used for analyzing the data was SPSS Statistics 22. First, to analyze the usage,
we applied descriptive statistics. These data answer the objective of evaluating the implementation and
teachers’ preferences.

Secondly, this study weeks to verify whether there is a relationship with the metacognitive
variables (knowledge and regulation) through the use of the Smile and Learn platform’s teaching
applications. In order to test our hypotheses according to the stated goal, the two covered alternatives
are described below:

1. Relationships with the variable Metacognition knowledge:

• H0: There is no relationship between the use of digital activities with the incorporated
feedback and metacognitive knowledge.

• H1: There is a relationship between the use of digital activities with the incorporated feedback
and metacognitive knowledge.

2. Relationships with the variable Metacognition regulation:

• H0: There is no relationship between the use of digital activities with the incorporated
feedback and metacognitive regulation.

• H1: There is a relationship between the use of digital activities with the incorporated feedback
and metacognitive regulation.

For the inter-subjects of this analysis, the data were analyzed using an ANOVA of repeated
measures, with time of use as the covariable. The scores recorded for the metacognitive variables were
taken as the dependent variables. H0 is discarded when p ≤ 0.05.

Our variables are quantitative. To define the variables for Metacognition knowledge and
Metacognition regulation, we followed the Theorem of the Central Limit [59,60]. Moreover, the variables
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are a summation of several items that can be identified as interval variables. Likewise, the platform
usage time variable is a ratio variable.

3. Results

3.1. Analysis of Usage

The analysis of the usage of each of the worlds during class time recorded the following percentages:
Logic (86.92%), Spatial (83.08%), Arts (14.62%), Science (10%), Emotions (7.69%), Multiplayer (5.38%),
and Literacy (3.85%).

Greater use was made of the applications related to logic and visuospatial aspects given unrestricted
use at school. This study selected the worlds whose activities exceeded 50% usage. Thus, we focus on
the Logic and Spatial worlds. The descriptive statistics of usage for the Logic and Spatial worlds are
presented in Figure 3.Educ. Sci. 2020, 10, x FOR PEER REVIEW  8 of 18 
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Figure 3. Graphic of the descriptive statistical use for the Logic and Spatial worlds in the 3rd grade of
primary education. Number of students who played Logic activities = 113. Average time engaging in
Logic activities = 37.34 min. Number of students who played Spatial activities = 108. Average time
spent with Spatial activities = 32.39 min.

The results obtained shows the teachers’ preferences for producing digital activity-based lessons
that work Logic and Spatial skills. This use may indicate that teachers have a greater interest in
working on these skills with technological resources. On the other hand, there activities may be the
best designed or adapted to teaching needs.

3.2. Analysis of the Effects of Using Digital Material on Metacognition

To assess the metacognition variables, we used the Jr. MAI. student scores from the questionnaire,
which are included in Table 1. A greater improvement in the scores was found for Metacognition
Regulation. The descriptive statistics of all students who completed the pre-test and post-test are
included. The differences between the number of students correspond to the experimental mortality of
this type of research at school.
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Table 1. Descriptor statistics of the average according to the scores taken pre-test and post-test. The
legend of the column titles is the following: N (number of students), AVG (average), SD (standard
deviation), Min. (minimum value), and Max. (maximum value).

Pre-Test
N = 130

Post-Test
N = 114

AVG SD Min. Max. AVG SD Min. Max.

Metacognition
Knowledge (K) 14.95 1.59 11.00 18.00 15.27 1.67 9.00 18.00

Metacognition
Regulation (R) 14.08 2.19 8.00 18.00 14.60 2.18 9.00 18.00

In order to observe the effects of using digital material for the scores obtained from the Jr. MAI
questionnaire, we analyzed the results through an ANOVA of repeated measures. This statistical test
and the structure of the database allows SPSS Statistics to recognize paired data to select the students
who fit the defined conditions. First, the condition selected relates to students who completed pre-test
and post-test and played in the Logic World. Second, to apply a statistical analysis, the condition
involved students who played Spatial activities and completed both questionnaires. The results reveal
significance with Metacognition Knowledge (K) through the use of teaching applications from the Logic
and Spatial worlds. The relationship results of using Logic activities with Metacognition Knowledge
are as follows: F (1) = 4.250, p = 0.043 (p < 0.05), ηp2 = 0.058, p = 0.529 (Figure 4). With the use of logic
applications, H0 (p ≤ 0.05) is discarded for the first assumption of the relationship with metacognitive
knowledge. The relationship between the variables studied, however, cannot be discarded itself.
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The use of applications from the Spatial world is also significant, showing higher scores in
Metacognition Knowledge (K), F (1) = 5.417, p = 0.023 (p < 0.05), ηp2 = 0.077, p = 0.630. The power effect is
higher for the use of Spatial applications than for Logic concerning their relationship to Metacognition
Knowledge (K). These results may represent feedback for the time impact, which is more representative
in the Spatial world (Figure 5). Thus, when p ≤ 0.05 is obtained, H0 is discarded relative to the first
assumption. Thus, there may be relationships between the use of applications in the Spatial world with
the incorporated feedback and metacognitive knowledge in the samples of this study.
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Nevertheless, no significance was recorded for metacognition regulation. H0 is, thus, accepted
(p > 0.05) for the second assumption. There may be no relationship between digital activities with the
incorporated feedback and metacognitive regulation among our students. This event might be explained
by the lack of a relationship between feedback and metacognitive regulation. Other factors that could
affect these results are the age of the students or the limitations presented by this type of questionnaire.
The lack of other worlds limits the comparisons and further analyses of the platform’s usability.

4. Discussion

The use at school shows teachers’ preferences for activities related to Logic and Spatial skills.
The increased use of these activities may be due to their ease of implementation in the classroom.
One of the limitations in this study is the lack of time in classes to explain the syllabus, which reduces
the possibility of incorporating new methods that take time to implement [61,62]. Likewise, the scarce
use of the worlds of Science and Literacy could be addressed by the fact that they require more time in
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the classroom for each of their activities to be completed. On the other hand, their greater use compared
to other worlds, such as those of Multiplayer or Emotions, may be due to the differences in the number
of activities included in each world. In the Logic and Spatial worlds, there are more activities than
in the worlds of Multiplayer and Emotions (Cf. additional material). Thus, in the analysis of usage,
it can be said that the use of Logic activities was chosen by teachers because of their time of use in the
classroom, as they are used as complementary materials to reinforce the school curriculum.

However, Spatial world activities are also highly used. These activities are also short, although they
are more focused on developing student skills or personal competence. Such implementation may be
understood by their interest on developing other students’ competences or due to their prior academic
performance. Thus, the teacher interest in reinforcing student learning is highlighted by using brief and
easy-to-implement activities that they can use as support for, or as a supplement to, their classes [62,63].

The implementation of this material is considered satisfactory, as the teachers’ collaboration and
interest has always been helpful. However, the motivations for teacher to use digital activities has not
ensured good use of all materials [62]. The implementation related to the differences among areas may
be questionable. This can be explained by the teachers’ need to receive more specific training or due
to the training in the use of these materials themselves. Teachers’ training in the use of technological
material in the classroom should help them to accompany students in the use of that technology [63].
In this way, greater benefits could have been obtained by adopting training intensification to assist in the
use of said materials to impact student learning. This training, which is more focused on how to make the
applications work with students, could help improve their dedication to worlds like Science and Literacy.

It would be necessary to continue investigating the teaching needs and areas of interest for the use
of technology in the classroom. The design of activities can be improved by using materials that are
more attuned to teaching and classroom needs. Quick activities, such as puzzles or math operations,
may need to be planned in as many areas as possible to adapt to class rhythm.

The results obtained reveal relationships with metacognitive knowledge when using digital
materials with feedback included and also with the activities in the Logic and Spatial worlds.
The feedback included in these kinds of activities mainly involves goal setting (right or wrong answers)
and time spent on the activity. This feedback could help students understand what they have to
do and provide encouragement to achieve their goals. Further, this feedback may have helped the
students in Grade 3 (8 years old) recognize what they understood about the activities that address
logical–mathematical and visuospatial skills. Moreover, the characteristic feedback for activities such
as adaptive calculations may help students understand their progress, as well as their metacognition
knowledge. In turn, students with learning difficulties in the subject of mathematics may benefit from
acquiring metacognitive knowledge, as these difficulties are often caused by not knowing what they
have to do in the tasks [64]. Accordingly, significance is found in the relationship between the use of
mathematics applications and metacognitive knowledge. Metacognition is related to mathematical
skills, and this relationship may be two-way, whereby the mathematical exercises help to develop
metacognitive knowledge [22,64]. In turn, mathematical skills are related to spatial skills, which might
explain the significant results in both areas [64,65]. Obtaining results with greater effects on spatial skills
raises the possibility that feedback for time and progress can be relevant for metacognitive knowledge.
This means that addressing logical–mathematical and spatial skills through digital material might
impact the cognitive work that facilitates metacognitive knowledge. Metacognitive instruction by
feedback seems to aid students’ metacognition knowledge recognition. That could be most significant
for students who lack favorable conditions and opportunities to spontaneously learn metacognitive
knowledge and skills from referents like parents, peers, or teachers [4,36,37].

Nevertheless, no relationships were found with metacognitive regulation, although the between
scores during the test found higher differences with that variable. The literature generally reports that
most metacognitive activities emerge between the ages of 8 and 10 and are developed and perfected in
later years [13,14]. This could explain the results for metacognition knowledge acquisition at age 8 but not
for managing such knowledge to put it into practice. However, there are studies that seem to raise doubts
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about this, such as that by Whitebread et al. [37], who contends that the tools for measuring metacognition
at early ages are not suited to children’s language skills. Flavell [5] contends that young children have
limitations when applying metacognitive strategies, as they make scant use of their cognitive abilities.
It is during the first years of primary education that children explore the development and management
of their cognitive and metacognitive skills in step with the heightened demands of their school activities.
As they progress through the various stages of schooling, children begin to more clearly understand
what they know and how they learn, becoming able to determine their parameters of action [33,37].
Nevertheless, it should be noted that some processes unfold before others. Metacognitive skills such
as monitoring or assessment seem to mature later than skills like planning. Thus, very young children
can show a basic understanding of orientation, planning, and reflection if the task captures their interest
and is suited to their level of understanding. This may be addressed in classrooms through different
approaches to enable the children to develop metacognitive strategies for problem-solving [14,19,33].
Metacognitive skills are developed, for example, when the student faces the need to learn something new
during stimulating situations like learning challenges. Depending on these challenges, the student must
choose the correct strategy for achieving their goal. The metacognitive aspects of learning are related
to the individual’s awareness of the requirements for resolving the tasks and the repertoire of strategies
that can be used to complete those tasks successfully [9,12,15]. This means finding numerous possible
strategies and practices for developing metacognitive skills. Moreover, if digital materials have an effect on
metacognitive regulation, more complex feedback is needed. To help students apply their metacognition
knowledge during tasks, more personalized feedback and activities to practice their metacognition (such
as discussions) need to be designed.

These results are consistent with the findings reported in the study by Kurtz and Borkowski [29],
in which there is a noticeable improvement in the results obtained but not in the metacognitive
processes of knowledge transfer. The same applies to Ke [32], in which no significance was found in
the regulation of learning when using digital activities, although the achievements made were indeed
greater. This means that technology may provide a basis for assisting students, but there are still no
digital materials that can help in their regulation, as this is a task that befalls the tutors or teachers
that work with the students during their learning process. In this same vein, the study by Sáiz and
Román [33] involving an intervention into metacognitive skills acquisition considered the importance
of the student’s cognitive development in coping with the different processes that metacognition
encompasses, obtaining significant results regarding the students’ self-management of the tasks.

Learning metacognitive strategies calls for systematic modelling involving constant supervision
of how the task is performed and positive or ongoing feedback [17,25]. A further option for working on
metacognitive strategies is to include them in the teaching material to enable students to understand
when, why, and how to apply them [9,13,34]. This will help reinforce metacognitive knowledge and
regulations, which can improve with instruction and training strategies by facilitating attention, the use
of the students’ capacities, and greater awareness of comprehension issues [66]. This may enable
students to learn more than just memory-based knowledge by showing them how to use strategies,
coordinate them, extrapolate them to similar tasks, etc. [35,67]. As noted, metacognition interacts with
numerous aspects of students, such as their skills, personalities, and learning styles. At the same time,
metacognition converges with other attributes linked to the skills required for success at school [67].
Nevertheless, it is not easy to develop the thought processes and self-assessments required in this
learning process to improve the development of cognitive and metacognitive skills [17].

Metacognition regulation and knowledge are complementary, which requires one to specify
the type of process or knowledge involved when addressing a metacognitive study. Metacognition
seeks to study the knowledge of diverse mental operations and determine how, when, and why we
should use them [52]. An analysis of the relationship between metacognition and experience reveals
that metacognitive experiences are interrelated and develop as experience is gained. In other words,
the experiences linked to metacognitive errors affect the student’s metacognitive system. On the other
hand, metacognitive skills may be fostered by a student’s experiences [5]. As an individual’s experience
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increases in the field, together with their availability and production, the use of associated strategies
increases [2]. The incorporation of strategies in teaching for the development of metacognition may
be an alternative way to improve the learning process and provide support for children with special
educational needs. However, this debate should focus on finding the right methods and activities to
begin implementing strategies and improve students’ metacognitive processes.

The globalization of modern society and advances in new technologies are prompting constant
changes that force education to deal with new challenges. Academic instruction, therefore, has to
adapt to these changing times by developing the competencies that hone the skills and attitudes
that permit lifelong learning [26,27]. Today’s children are no longer the only ones that have to learn,
as adults also need skills to recognize, assess, and reconstruct existing knowledge to tackle everyday
challenges in the workplace. Herein lies the importance of metacognition in education for fostering a
society that can evolve, thus revealing the need to adopt strategies for learning, thinking, managing
information, and equipping oneself with instruments to ensure that students are self-reliant in their
personal development [19,21,57].

By including feedback on the students’ progress and performance in the tasks, digital materials
could help students personalize their learning, as well as foment the assessment and support processes
the students require to develop their metacognitive skills [24,41,42]. This would lead to a more
effective impact on the students’ performance in diverse knowledge areas by making both student
and teacher aware of the student’s learning needs. Progress in this matter requires a more detailed
study of the instructional processes that underpin digital materials of this nature through feedback for
knowledge acquisition and the development of metacognitive regulation [17,24,39]. In turn, it has also
been observed that, as a teaching support, the classroom use of digital materials and games is more
effective when students are involved in peer learning or teamwork in which they take part in group
tutorials [7,13,32,39]. This means that digital materials should also be designed to facilitate these lines
of work in the classroom.

4.1. Study Limitations

Metacognition refers to the mental processes of the highest order involved in learning [8,14].
Assessing or measuring metacognitive skills (such as knowledge or regulation) requires awareness and
understanding of what is being done (and how) to inform the evaluator [8]. The studies associated with
metacognition involve numerous related terms, such as metacognitive beliefs, metacognitive knowledge,
metamemory, metacognitive experiences, metacognitive skills, learning strategies, self-regulation,
self-control, and self-assessment [14,53]. There is an explicit limitation in the literature in the metrics
used to assess metacognitive regulation and knowledge [25]. As noted by Ke [32] and Schmitt and
Sha [23], a quantitative metacognitive study does not provide results that are as representative as
those obtained qualitatively, as it offers a report that calls upon children to self-assess themselves.
In the second case, observation during these processes could indicate whether the students are using
metacognitive strategies for regulating their learning processes but do not know how to express
those strategies in words or in a self-report. Nevertheless, the students may also be familiar with
their metacognitive strategies or have metacognitive knowledge, although this does not mean this
knowledge is put into practice in an appropriate manner [23]. This aspect could be addressed through
classroom practice or activities that help the students acknowledge what they know and how to transfer
that knowledge to different tasks. The literature agrees, however, that the training of metacognitive
skills is of use to the learning process [19,33,43]. It would be expedient, nonetheless, to regulate these
practices or training processes to also support the knowledge transfer process [23,29,33]. Furthermore,
there is a need to work on self-knowledge, how one learns, what tools can be used, and how to set
learning targets to help students acknowledge and regulate their knowledge [2,5,14,15].
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4.2. Importance of Activities Designed for Learning and Training Metacognitive Skills

These methods for analyzing metacognitive processes could be improved via the assistance
of technology through computer activities, as posited in the study of Veenman and Elshout [68],
or through online courses, as suggested by Pellas [36]. This requires incorporating the parameters
appropriate for data-gathering to assess the variables involved in metacognitive processes through
smart platforms [21] or following pre-established classification models, such as the one by Zhang,
Franklin, and Dasgupta [69]. This means that activities could be regulated in line with the students’
progress, providing the teacher with a guide on how to support each student’s metacognitive regulation
and providing more personalized feedback based on also helping metacognitive regulation and not
only metacognitive knowledge. The drafting of longitudinal studies on this importance is also pertinent
for determining these assessment methods. Once the importance of metacognitive regulation and
knowledge to student development and academic progress has been established, as reported by
Perry et al. [10], the next step would ideally involve the development of instruments for assessing
metacognition in action and the long-term impacts that metacognitive development might have.

There is still a need to continue working on feedback from the relevant platforms to ensure that
feedback is not just summative or informative but instead more personal and detailed to help each pupil
think more about his or her progress and how digital material may facilitate metacognitive regulation [47].
Explaining and providing more detailed feedback on the efficacy of tasks could also help the students
improve (as reported by Cameron and Dwyer [38]) and increase their activity [40]. In their findings,
Erhel and Jamet [48] contend that the use of instructions in educational games or activities, along with
continuous feedback on the student’s progress, provides more significant learning. Instruction is still
needed when choosing games and activities to teach a specific strategy or provide a step forward in the
development of the relevant skills, which involves starting with simple activities [13]. This allows the
thought process related to the purpose of that particular game or activity to be more explicit.

A further way to enhance these studies is to explore different implementation and collaboration
options with teachers for the use of such games in class, as well as to continue investigating ways
to improve these educational activities. One should not ignore the fact that metacognition is a
multidimensional construct [15]. The more variables that are gathered depending on metacognitive
processes, the closer we approach a suitable model for metacognitive instruction and measurement.

5. Conclusions

This research analyzed the use of the platform Smile and Learn in the 3rd Grade (8 years old) at a
state school, as well as the relationship between the feedback of student knowledge and the regulation
of metacognition. In summary, the assessment of the platform’s usage was satisfactory for the activities
included in the topic-related Logic and Spatial worlds. Digital activities in these areas are preferred by
teachers. More research is needed to improve teachers’ training and their implementation of knowledge
from other areas. For the activity design, further analytics empowering usability characteristics need
to be developed.

Secondly, this study examined the relationships between feedback and metacognitive variables
(knowledge and regulation). Some types of feedback from the activities, such as time or correct
results, revealed relationships with the effects of knowledge metacognition. It is important to continue
analyzing more specific relationships to improve digital materials to be implemented in class. This focus
may improve the digital design of such activities.

Thus, digital materials should be designed with more personalized feedback, and specific tools for
assessing metacognition via artificial intelligence should be developed to analyze their effects. For that
purpose, variables that define the metacognition process can be defined as metrics to be collected via
artificial intelligence through digital activities. This could support teachers in their evaluative work
and aid student progress. Moreover, this data collection may help researchers find more relationships
among the variables that involve metacognitive skills.
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However, understanding the role that age plays is key to assessing these metacognitive processes.
These complex processes start around the age of 8, which is a limitation for measuring such processes
through the self-assessments of very young students. As a final remark, metacognition skills are
relevant for student learning. Thus, teacher support is needed for successful training. In this sense,
it will be urgent and decisive for the field to ensure studies on metacognition remain linked with new
technology and future advances in the field.
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