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The use of digital educational material in classrooms has increased in recent years,
now constituting a major market for publishers and companies. The present research
addresses a digital material assessment in two different areas. First, the study through
an evaluation of internal data collected on the platform shows an analysis of the use
and implementation of digital material into the school. Secondly, it exposes an external
examination of the effect of using digital material at school on students’ executive
functions. The sample consisted of 168 children aged 8–11 from a state school in the
Community of Madrid (Spain). The instrument selected for the external assessment of
academic progress was the Evaluación Neuropsicológica de las Funciones Ejecutivas
en Niños (ENFEN) [Neuropsychological Assessment of Executive Functions in Children].
The Learning Analytics system of the Smile and Learn platform recorded the students’
use during class. According to the usage analysis, the results obtained show preference
of using activities from Logic and Spatial worlds. In the external analysis of the effect of
the learning material, the results record a significant effect using activities in Logic and
Spatial worlds with the Gray Trails task, which involves spatial perception, processing
speed, and working memory, among others. A second analysis to contrast the results
with a post hoc design approaches relationships among executive functions as involved
in tasks like Gray Trails, Interference, and Ring Tasks within the usage of Spatial and
Logic activities. The need for further research to improve these materials for enhanced
learning and the extrapolation of training from executive functions to other tasks is
discussed. Likewise, limitations of the implementation and design of these materials
are pointed out.

Keywords: executive functions (EFs), digital material, educational technology (EdTech), children, assessment,
education, user experience research, smart platforms

INTRODUCTION

Since the emergence of the first technologies in the 80’s, such as videos and computers, the aim
of using these resources, as of how they can help learning within the educational sphere, has
been a subject of study. This involved a stream of research that has focused on the use of digital
resources for teaching students, with examples on the use of videos (e.g., Zhang et al., 2006) and
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the implementation of digital resources for computers in
classrooms (Santiago et al., 2009; Lopez-Rosenfeld et al., 2013;
Goldin et al., 2014; Mateos et al., 2016). Today, with the
increase in the number and use of electronic devices (computers,
smartphones, and tablets), the market for digital educational
material is constantly growing (Blumberg and Fisch, 2013; Hirsh-
Pasek et al., 2015; Hickmott et al., 2016). This growth has led
to a greater use of technologies in the classroom (Lieberman
et al., 2009). Nevertheless, researchers and professionals within
the educational field are still seeking to understand how this
material helps students to learn.

If the market tends toward the use of these digital materials
as a classroom resource, then internal and external assessment
strategies need be designed and put in place to help foster
the students’ learning process (Hirsh-Pasek et al., 2015; Mateos
et al., 2016). Given the huge volume of digital material that is
appearing on the market, it is often difficult to assess its use
and usefulness. This point constitutes a weakness of the material
being used in the educational system (Lieberman et al., 2009;
Hirsh-Pasek et al., 2015).

As first goal, this paper considers an assessment of the real
use and implementation of digital material by teachers into a
school. This objective pursues to describe which areas used more
digital material as support to their lessons. This may reveal
preferences for different areas of knowledge or subjects at school
for using activities. The educational platform Smile and Learn
has the advantage of including activities for all the subjects to
observe this kind of users’ behavior with freedom of choice.
In second place, this study analyzes the effect of using digital
material at class in pupils’ executive functions. The executive
functions are analyzed as a variable to measure the academic
performance (C.f. Best et al., 2011). This goal contributes to
clarify the implications that the use of digital resources as support
for lessons may have in learning. Moreover, both aims may
approach new directions to designing and developing digital
material based on users’ experience. The second goal included
a post hoc experiment with the objective of providing more
information about the relationships among digital material usage
and the scores obtained at different tasks by the ENFEN battery.

Present Study
This study is structured with a brief definition of the platform
Smile and Learn in Section “Platform Smile and Learn.” Section
“Digital material design” is based on game design, followed by the
digital material used in this study and an introduction to this field.
Section “Theoretical background: Digital material for learning”
provides a theoretical background to the use of digital material
for learning, as well as its relationship to executive functions.
Furthermore, an explanation of the relationship of executive
functions to learning according to the review of the relevant
literature for this study is included. In Section 4, materials
and methods are described. Results are developed in section
“Theoretical background: Digital material for learning.” First, the
use of the platform is analyzed. Then the section is organized
presenting the results of the effect of the use of the digital material
on the executive functions. These results are followed by the
analysis of a study designed to contrast the time of use with

the effects obtained in the previous analysis. The discussion and
limitations of the study are presented in section “Discussion,”
followed by the conclusions (see section “Discussion”) and the
implications of this study (section “Implications of the study”).

PLATFORM SMILE AND LEARN

Smile and Learn is an intelligent platform in the field of
learning technologies available for the most common operating
systems (Android, iOS, Linux, and Windows). When loaded,
the application displays an environment with 8 different topic
worlds, according with the knowledge they work (classified in
Science, Spatial, Logic, Literacy, Emotions, Arts, Multiplayer, and
one additional world consisting in a virtual city). These areas
correspond to the various subjects on the school curriculum,
providing teachers with Supplementary Material and activities
to be used in each classroom topic (Lara Nieto-Márquez et al.,
2020). As of February 2020, the platform contains more than
5000 activities organized in games, quizzes, videos, and tales
(Figure 1). Most of the activities can be played in different
levels of difficulty.

Activities share some characteristics and game elements
in common for teaching schools’ concepts included in the
curriculum area. Moreover, these activities share the possibility
of training executive functions or cognitive skills as reasoning,
attention span, decision making, monitoring, working memory,
language, or logical thinking. Some games, especially within the
worlds of Science, Logic, and Spatial, are designed with the
purpose of working problem-solving, planning or processing
speed as well. These activities featured the characteristics
of the digital material to work executive functions through
active learning methodologies (Cf. additional material for
further information).

Digital Material Design
The design of digital educational material is an interdisciplinary
area. In this sense, one can find guides or theories from the area
of psychology or pedagogy for the elaboration of these materials.
Within these disciplines, there are sundry pedagogical models for
the purpose of being adapted, or used to structure, the design
and development of digital material, as well as for explaining
how students’ learning benefits by the use of digital activities.
Some of the educational theories that apply to digital material
include the Cognitive Theory of Multimedia Learning, based on
cognitive sciences (Mayer, 2005), which focuses on the different
channels through which information is processed for learning.
Other theories of learning and pedagogical models center on
cognitivism, behaviorism, and constructivism (e.g., Siang and
Rao, 2003; Bellotti et al., 2011; Arnab et al., 2015; Lim et al.,
2015; Mateos et al., 2016; Arnab and Clarke, 2017). There are also
models based on theories of intelligence (Sajjadi et al., 2016; Pérez
et al., 2018). These models work by establishing a link among the
different multiple intelligences (as proposed by Gardner, 1983),
with the use of technology.

At the present time, a combination of several of said
educational theories is required to explain how the game
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FIGURE 1 | Screenshot of Smile and Learn’s main screen.

elements, the context, and the design of tasks may influence the
learning process (Lim et al., 2015; Patino et al., 2016; Slussareff
et al., 2016). Some examples of game elements include feedbacks
of right and wrong answers, time progress, levels, rewards, and
tokens. Game elements need to join learning theories to clarify
their educational purposes. In the same way, game elements are
going to provide the characteristics of meaning and motivation
being critical for enhanced learning. Students’ motivation,
attention, and engagement are achieved through different
professional profiles, such as game designers for applying gaming
features (gamification), to digital activities or creating serious
games (Abdelali et al., 2016). These gaming features, which may
be classified as mechanical, dynamic, and aesthetic (Hunicke
et al., 2004), can be related to the tenets of behavioral psychology,
cognition and learning theories (Tan et al., 2007; Lim et al., 2015).
In turn, students’ cognitive development and their age influence
learning acquired through the use of technology, constituting a
factor to be taken into consideration by designers (Tan et al.,
2007; Revelle, 2013). In order to properly apply these concepts
to the preparation of material, it is important to understand
the link between gaming features and learning theories, which
would provide a more holistic view of how learning takes place.
This knowledge would facilitate the use of digital material as a
resource, helping teachers in their daily routine (Arnab et al.,
2012; Lim et al., 2015; Abdelali et al., 2016). The challenge in the

creation of digital materials arises from including game elements
following solely coding and design patterns, not taking into
account the integration of more abstract concepts within the
overall learning process (Cf. Arnab and Clarke, 2017).

This imposes a limitation at an educational level for designing
goals, as the absence of defined guidelines for the creation of
games means that design methods and assessment procedures
come diffuse in their application (Slussareff et al., 2016).
The same thing happens the other way around, finding that
certain mechanics, contexts, and components of digital activities
could be explained by several educational theories. Cognitivism
and constructivism are the more prominent theories when
formulating design and assessment methods, not ignoring the
superimposition of learning theories on activities or games on
digital media (Siang and Rao, 2003; Lim et al., 2015; Mateos
et al., 2016; Patino et al., 2016). This entails a complex process
for establishing a guide for better producing digital activities
for learning (games, videos, interactive stories, etc.), hindering
assessment and study replication (Arnab and Clarke, 2017).

Besides the activities’ pedagogical requirements, there is a
need to complement them with other fields, as of developers,
human computer interaction (HCI), user experience (UX),
user experience research (UXR), cognitive ergonomics, and
information technology (IT), among others. These profiles
outline the need to analyze and explore the interactions between

Frontiers in Education | www.frontiersin.org 3 November 2020 | Volume 5 | Article 545709

https://www.frontiersin.org/journals/education
https://www.frontiersin.org/
https://www.frontiersin.org/journals/education#articles


feduc-05-545709 November 19, 2020 Time: 11:30 # 4

Lara Nieto-Márquez et al. Assessment Impact Digital Educational Material

the user and the digital material depending on their actions
and decisions, as well as the relationships between the game’s
components and educational norms (Tan et al., 2007; Revelle,
2013; Arnab et al., 2015; Abdelali et al., 2016). The diversity of
interactions and feedback available in different types of devices
(computers, tablets, or smartphones) has the potential to support
learning if their design is consistent. Accordingly, several guides
(e.g., Hunicke et al., 2004; Tan et al., 2007; Bellotti et al., 2011;
Arnab et al., 2012, 2015; Lopez-Rosenfeld et al., 2013; Lim
et al., 2015; Abdelali et al., 2016; Sajjadi et al., 2016; Arnab and
Clarke, 2017) have been drawn up with proposals on the design,
development, and assessment of certain materials such as games.
These guides seek to connect the different tasks involved in the
production of digital material for learning, or the mechanics of
the games to teaching, and pedagogical models. Thus, the aim of
such framework guides is to balance the different fields involved
in creating digital material.

Furthermore, there are regulations established by organisms
for the development of quality digital material, such as the
standard UNE 71362:2017 (AENOR, 2017). Nevertheless, these
documents often fail to specify limitations when implementing
their design and development process. To date, there is no
generally accepted guide or framework validated for the design of
digital educational material and its assessment. This is probably
due to the difficulty of implementing the variety of digital
materials, along with the breadth of the educational areas, ages,
teaching staff, and, in general, the educational community. The
different frameworks that are being drawn up for the design of
games reinforce the intention to improve the material, but it
still needs to be assessed regarding students’ functional learning
progress and according to the settings.

THEORETICAL BACKGROUND: DIGITAL
MATERIAL FOR LEARNING

Classroom resources involving digital material could help
students in terms of motivation and their attention span, and
as a means for galvanizing them toward specific learning goals
(Arnab et al., 2012; Hirsh-Pasek et al., 2015; Mateos et al., 2016).
Moreover, many of the digital tools used provide feedback and
instructions that help students with their progress and their
adjustment to the learning process (Bellotti et al., 2011). A further
advantage comes with the possibility of customizing activities,
increasing the difficulty and raising levels, as well as the repetition
of activities until the learning goals are achieved, which is vital
for improving the students’ executive functions (Lieberman et al.,
2009; Diamond, 2012; Blumberg and Fisch, 2013).

There are several studies dealing with the relationships
between learning and enhanced executive functions and skills
through the use of digital tools and materials (e.g., Santiago
et al., 2009; Blumberg and Fisch, 2013; Oei and Patterson,
2013; Castellar et al., 2015). Executive functions are developed
during infancy and maturity, attaining their full during early
adulthood (Davidson et al., 2006; Best et al., 2009; Karbach and
Unger, 2014). References are thus to be found indicating that
the use of technology may improve or further the development

of cognitive skills and learning (Blumberg and Fisch, 2013) in
areas as visuospatial skills, problem-solving, logical thinking, or
working memory, as in the study of Castellar et al. (2015). Other
studies in the field of digital material usage, as Mackey et al.
(2011), show improvement in reasoning or speed training, or
Diamond (2012), in reasoning and working memory. This type of
studies on the training of executive functions among school-aged
children may therefore play a part in fostering the development
of students’ skills, their instruction, and their ability to transfer
knowledge. Sundry studies, such as those by Bull and Scerif
(2001), Gathercole et al. (2004), Best et al. (2011), Diamond (2012,
2013), and Goldin et al. (2014), highlight executive functions as
predictor variables of academic performance. Homer et al. (2018)
also point out the possibility that the use of digital materials with
game or video game elements can be cognitive skills training
tools. Different scholars (e.g., Gathercole et al., 2004; Cheung
and Slavin, 2012; Goldin et al., 2014; Pérez et al., 2018) have
highlighted possible improvements in the different areas of
academic knowledge through the development of skills involving
abstract thinking, planning and observation (Lieberman et al.,
2009; Titz and Karbach, 2014).

As already stressed, many of the applications available on
the market today may help in the training and improvement of
executive functions, as well as in the possibility of extrapolating
the skills acquired to other tasks (Jaeggi et al., 2011; Lopez-
Rosenfeld et al., 2013; Oei and Patterson, 2013; Hirsh-Pasek et al.,
2015; Hickmott et al., 2016). Nevertheless, for this to happen, the
instructions and design of the digital materials (games, videos,
activities, etc.) need to include the students’ requirements in
terms of cognitive and emotional development (Tan et al., 2007;
Diamond, 2012). Likewise, these educational resources should
be produced according to a pedagogical foundation defined
by experts that understand the students’ needs and skills with
a view to acquiring or training the learning process, as well
as to prompt beneficial behavioral changes (Lieberman et al.,
2009; Arnab et al., 2012; Arnab and Clarke, 2017). Tasks to
assess executive functions used to be multi-domain or complex,
encompassing thus the assessment of several functions (Bavelier
et al., 2012; Karbach and Unger, 2014; Titz and Karbach, 2014).
For example, working memory leads to the development of
processing, storage, and reasoning skills. It also helps in the
selection of information received by different channels (auditory
and visual) required for undertaking a task, as is mentioned by
the Cognitive Theory of Multimedia Learning (Mayer, 2005).
Working memory can be related to calculus by assisting in the
processing of abstract concepts, relating in turn to visuospatial
and verbal skills. Thus, visuospatial and verbal skills are involved,
as also being neuroanatomically and functionally related, in the
learning of mathematical concepts, the reasoning of operations,
and the implementation of what has been learnt (Klingberg,
2010; Titz and Karbach, 2014). Therefore, in this study, executive
functions will be used as a predictor of students’ academic
progress, following the line of study as Best et al. (2011).

Thus, executive functions can be defined as the cognitive
processes that can support students’ academic success. That
is, executive functions are skills on which student learning
can be based or promoted to achieve academic goals (at this
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point in the achievement of goals, academic objectives converge
with the objectives of educational game design). Studies such
as Rutherford et al. (2018) support this relationship between
executive functions and student learning. More specifically, it
is focused on students’ self-regulated learning to achieve their
academic goals in different areas of knowledge. Nonetheless,
there is still a need to continue investigating the transfer of these
skills to the academic field according to the training formats
considered, multi-domain, or complex, which encompass the
use of several functions, or simple ones in which the highlight
is the training or assessment of a single function (Bavelier
et al., 2012; Karbach and Unger, 2014; Titz and Karbach, 2014).
There are several models that involve a description of the
structure and workings of executive functions (e.g., Miyake et al.,
2000; Lehto et al., 2003; Diamond, 2013). Among the executive
functions in studies of children and learning, the following
stand out: inhibition, working memory and cognitive flexibility,
and control of interference (e.g., Brocki and Bohlin, 2004; Best
et al., 2009; Diamond, 2013). This may be due to established
frameworks such as that of Miyake et al. (2000) in which
three separated, but related, components are defined: shifting,
inhibition, and updating.

On the other hand, in school tasks or games this separation
for training of executive functions in the classroom is complex.
School tasks focused on learning usually require the use of
multiple cognitive processes, which would include executive
functions (e.g., Titz and Karbach, 2014). On the other hand, the
possibility of training executive functions according to students’
cognitive skills with digital materials may help them to regulate
their learning and study strategies. Thus, it is related to learning
in studies such as Bull and Scerif (2001) with the focus on the
mathematical area, which points to the importance of working
the flexibility and ability to inhibit learning strategies to apply
other strategies learned or more useful. Bull and Scerif (2001)
highlight the importance of developing multiple study strategies
to achieve significant learning in educational environments.
Studies such as Best et al. (2011), Gathercole et al. (2004),
or Meixner et al. (2019) relate these processes to academic
performance in different areas of knowledge such as language,
mathematics, science, or reading and to skill development. Thus,
digital activities may include play elements that help students
work on a variety of tasks that involve active participation
(Best et al., 2009; Blumberg and Fisch, 2013). As regards tasks,
changes following the training may be due to the number of
repetitions or tests of the task, the feedback the student receives,
or the adjustment of the levels of difficulty prompted by the
progress made (Best et al., 2009; Klingberg, 2010; Bavelier et al.,
2012). However, limitations are also found in the literature
when analyzing executive functions because many times multiple
executive functions are involved in an academic task. There is
still a need to continue investigating detailed transference of said
skills into the academic fields according to the training formats
considered. Interventions to analyze the transfer of executive
functions to different activities often require long times and
resources (Martins and Gotuzo, 2017; Sulik et al., 2020).

In the literature review gathered of neuropsychological tests
to evaluate executive functions, we find different examples that

are presented below. It should be noted that neuropsychological
tests are criticized for their impurity when evaluating executive
functions (Brocki and Bohlin, 2004; García et al., 2014; Howieson,
2019). Thus, we can find tests such as Rinat et al. (2005),
to assess verbal fluency; the Trail Making Test (Bowie and
Harvey, 2006); maze construction types of test as Porteus
(1933); Go/No go task (Simmonds et al., 2008; Redick et al.,
2011); Stroop test (Zysset et al., 2001; Homack and Riccio,
2004) or Tower of Hanoi (Bull et al., 2004). Portellano et al.
(2011) rely on these tests in the development of their 6 tasks
for assessing executive functions and student performance in
elementary education. As mentioned before, these tasks are
not specialized or structured to evaluate executive functions
independently. These tasks cover several variables that can affect
student performance that are not captured in these measurement
instruments (Howieson, 2019). On the other hand, they have
been used in the educational research as performance test
purposes (Anderson, 2001; García et al., 2014).

In this way, the present study aims to contribute to the
study of the implementation of digital material and its use in
primary school. Likewise, a general evaluation of the effect of
the use of the digital educational material designed by Smile
and Learn on the students’ executive functions is carried out.
This evaluation focuses on the effect of different digital activities,
organized in worlds of the Smile and Learn platform according
to their characteristics, with the different evaluation tasks of
ENFEN (Portellano et al., 2011). Thus, this external evaluation
wants to check the transference to other tasks, extending the use
of collected data not only to the platform environment. There
are scarce studies of the effect of the use of digital materials
on primary school students, which makes it difficult to carry
out an external evaluation with a specific test that evaluates
processes that occur during activities or games. Therefore, a test
that is shown as a game for children, in these students’ mother
tongue (Spanish), was used. The approach of Portellano et al.
(2011) is followed in the analysis of the results and discussion.
This evaluation of digital material will provide future design and
improvement approaches for digital material as well as for the
implementation of these resources in schools.

MATERIALS AND METHODS

Participants
The study involved a sample of 168 students. This is a
convenience selection undertaking non-probability sampling. It
was performed at a state school in the Community of Madrid
selected in a pilot group composed by 49 state schools for
implementing the Smile and Learn Platform. The criteria for
selecting the sample were the number of electronic devices
available at school for the use of the materials, availability of
teachers to receive training, and interest of the educational
community in the study. The state school selected has a medium
socioeconomic level. The representability of this school is 0.12%
among all states’ schools at the Community of Madrid. Moreover,
the percentage of representability is 0.07% of primary education
students at the Community of Madrid and 0.09% in Madrid city.
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The students’ ages ranged between 8 and 11 (M = 8.71;
SD = 0.091), enrolled in the 2018–2019 school year, studying their
3rd, 4th, and 5th years of primary education. From these 168
students, 74 are in 3rd of primary (44.05%), 46 are in the 4th year
(27.38%), and 48 in the 5th (28.57%). There are 90 boys (53.57%)
and 78 girls (46.43%).

Instruments
ENFEN
The external assessment of executive functions involved the use
of the task’s battery ENFEN [Neuropsychological Assessment of
Executive Functions in Children] validated at the Community
of Madrid by Portellano et al. (2011). This instrument pursues
to approach an external assessment about student progress with
digital material usage. ENFEN enables us to evaluate students’
progress in essential processes where executive functions take
part. Before completing each activity, the ENFEN battery
promotes the students’ training prior to its undertaking. This
questionnaire is provided by Editorial TEA, including all
the materials for measuring students’ executive functions (Cf.
Supplementary Material). It consists of six different tasks to
assess multiple cognitive processes in relation to executive
functions grouped in four areas:

• Verbal Fluency Test. This area is subdivided into two tasks:

- Phonological Fluency (F1): The words in the
phonological fluency test have to begin with a
specific letter. All the existing words the student
recalls beginning with the right letter in 1 min are
considered right answers. This task involves executive
functions as verbal memory, expressive language, and
breadth of vocabulary.

- Semantic Fluency (F2). This task requires providing all
the possible words in a chosen category. It is considered
for final score the right words or names included within
the said category that the student recalls in 1 min. This
task works semantic memory and vocabulary breadth.

• Trails. This area is also subdivided into another two tasks:

- Gray Trails (S1) The task involves drawing a line to
connect numbers as quick as possible, without making
a mistake or avoiding a number. In Gray Trails, the
numbers to be connected go in descending order. This
task involves spatial perception, processing speed, logical
reasoning, working memory, visual-motor efficiency,
anticipation, and foresight.

- Color Trails (S2). The task involves drawing a line
to connect numbers as quick as possible, without
making a mistake or avoiding a number. In this
case, a color code is added to the numbers to be
alternated in the links. The numbers to be connected
go in ascending order. This task assesses following
executive functions: inhibition capacity, impulsivity
control, sustained attention, resistance to interference,
spatial perception, processing speed, logical reasoning,

working memory, visual-motor efficiency, anticipation,
and forecasting capacity.

For both tasks, the scores are calculated in terms of right
and wrong answers and omissions, as well as the time taken
to complete the task. The final score of each task used in
this study corresponds with right answers minus omissions
and wrong answers. This number is divided by the time
in seconds that students need to complete the task and
multiplied by one hundred.

• Rings task (A). This task involves drawing the example
figures the students are shown in a notebook. The figures
are made in a three-column milieu, moving different color
rings among them to copy the image on the notebook.
The test’s score is the sum of the time the child has taken
to complete each one of the figures. As the score is a
time-based measurement, it is inversely proportional to
the improvement in the scores. Scores used at this study
are the summation of the time in seconds that students
need to complete the fourteen figures. This task assesses
the following executive functions: inhibition capacity,
impulsivity control, sustained attention, resistance to
interference, spatial perception, processing speed, logical
reasoning, working memory, visual-motor efficiency,
anticipation, and forecasting capacity.

• Interference (IN). The interference test is based on Stroop
tasks. Each student is required to say aloud the 39 word’s
ink color without reading out the word actually spelt out.
The final score used in this study is calculated according
to the number of right answers with points deducted
for substitutions or omissions. This number is divided
by the time in seconds taken to complete the task and
multiplied by one hundred. This task assesses the following
executive functions: inhibition capacity, impulsivity
control, sustained attention, resistance to interference,
spatial perception, processing speed, logical reasoning,
working memory, visual-motor efficiency, anticipation,
and forecasting capacity.

Learning Analytics Systems at Smile and Learn
Platform
The Smile and Learn platform was used as the instrument for
registering and providing metrics upon the time of usage by
students in each world. This is an internal data collection to
cross with the external assessment in order to clarify effects and
relations between variables measured. Every time an activity is
played by a child, the duration and some additional feedbacks are
recorded, allowing the company to analyze the interaction of a
child. In this study, “time of usage” corresponds with the time
span from beginning to end of the activity included within each
world. Time of usage was converted to be measured in minutes.

Procedure
Prior to experimentation, information was provided about the
procedure, being followed by consent obtained from the school
community, specifying that the data collected would be used
solely for research purposes involving the project in question.
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The assessment of the digital material developed involved a
quasi-experimental study during the school timetable.

Training of teachers was also held prior to the implementation
of the intelligent platform. These sessions were used to explain the
teachers how the platform worked, along with the use of some of
its features, as customization, and the arrangement of sessions for
organizing activities as a task, etc. In order to choose the digital
material that could be used by each grade, a guide for teachers was
created for linking the platform’s activities with school curricula.
The use of teaching activities (games, quizzes, videos, and tales)
included in each world has been undertaken freely. Once the
Platform is installed on the devices, the students did not need
adult supervision to perform the activities. The management
of the content to work can be done by adults through the
management web, which is independent of the platform.

The ENFEN test battery was carried out individually on each
of the students by two evaluators from outside the center, in
specially designed areas of the school environment. The assessors
were trained in the application of the tests before their use with
the students. The initial data gathering or pretest with the ENFEN
battery took place in October, at the start of the 2018–2019 school
year. This was followed by the implementation of the Smile and
Learn intelligent platform in classrooms over a 6-month period.
During the 6 months of the use of the activities, contacts with
the teachers were continued in order to know the limitations they
had and to help them in the use of the platform. At the end of the
2018–2019 school year, by May, posttest data were collected.

Support was provided during the use of the platform, where
some specifiers can be outlined: for instance, teachers between
1st and 2nd cycle vary. On the other hand, there is much more
material on the platform designed at curriculum level for 3rd and
4th grades than for 5th grade.

Data Analysis
The software used to analyze data was SPSS Statistics 22. The
children’s user data collected by the platform have been used to
map the student’s progression. The data collected have been used
to track these users to obtain a ratio of 1:1 between the user of
the platform and in the classroom. Students in the database were
codified to combine data from the platform (time of usage) and
the scores taken by the ENFEN battery. Data were organized by
each student to allow SPSS Statistics identify single cases that
follow the conditions for statistical methods. The time of use has
been calculated for each one of the worlds based on an aggregate
of the times of use of the component activities. Thus, in order to
answer the different goals of the research, two different studies
were carried out.

For answering the first goal of analyzing the use of digital
materials at schools, we use descriptive statistics. Based on
descriptive analysis, we made a selection of those worlds more
used. Then, an ANOVA is made for each of the worlds to provide
a more in-depth description of the use of digital material. The
differences between the courses for each of the worlds that group
the activities in different areas are analyzed by Bonferroni.

The scores on ENFEN tasks by course are also analyzed to see
what effect age might have. A MANOVA is done, and the courses
are compared using Bonferroni.

In order to analyze the second objective, which purposes to
observe whether there is an effect on executive functions given
the usage of digital activities, for this, an ANOVA of repeated
measures, followed by a linear regression analysis, was applied to
determine the relation of such effects. Dependent variables were
the scores obtained via ENFEN with pretest and posttest. The
independent variable between subjects is students’ grade. Time of
usage by different worlds (Logic, Spatial, Science, and Arts) was
included as covariable. For the linear regression, the difference
between the scores obtained in the posttest vs. the pretest was
calculated and such difference was used as a dependent variable.
Both the time of usage of each world and the grade were used as
independent variables.

The hypothesis for this second goal is defined by each task as
follows:

H0: The use of digital educational material classified by
worlds in the platform (Logic, Space, Science, and Arts)
has no effect on tasks involving executive functions.

H1: The use of digital educational material classified by
worlds in the platform (Logic, Space, Science, and Arts)
has an effect on tasks involving executive functions.

Then, in order to contrast and compare the results obtained
from the second objective, a post hoc experimental design was
carried out. By means of this design, two groups were created
according to the use of the digital materials, analyzing the
relationship of the time of usage of the digital activities with
the scores obtained. For the creation of the groups, the time
of use variable was dichotomized by the average in each of the
worlds (Science, Logic, Spatial, Arts). Group 0 corresponds to
the students who had a lower use of the platform (corresponding
to a control group), and group 1, showing a higher time of use.
Dependent variables are the scores obtained via ENFEN, and the
independent variable is the time of use of each of the worlds.
A general linear model (GLM) was chosen for statistical analysis.
In this way, we want to respond to the relationship between usage
vs. scores obtained. For this analysis, hypothesis is defined by
each battery task as follows:

H0: There is no relationship between longer use of
applications (classified by worlds in the platform) and
scores taken on the battery task.

H1: There is a relationship between increased time of use of
applications (classified by worlds in the platform) and
scores taken on the battery task.

RESULTS

Analysis of Usage and Task Scores
Overview Analysis
First, the students’ general use of the different activities was
analyzed to find out which worlds had been most used. The
children’s general use of educational activities according to their
grouping by worlds in descending order is as follows: Logic
(86.90%), Spatial (79.76%), Arts (27.38%), Science (20.83%),
Literacy (14.88%), Multiplayer (11.31%), and Emotions (7.14%).
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Participants made more usage of those applications related to
logic and spatial worlds than those related to all the other worlds.
More information of usages averages by worlds is included in
Figure 2. Descriptive statistics of the worlds showing usage
higher than 20% are represented.

The analysis of the descriptive statistics for the scores obtained
in the pretest and posttest was also carried out. Results of student’s
scores via the ENFEN battery taken at pretest and posttest are
provided in Table 1. A light improvement in the results of the
test of Phonological fluency (F1), Semantic fluency (F2), Gray
Trails (S1), Color Trails (S2), Rings task (A), and Interference
(IN) can be observed.

Analyses by Class Groups
In order to study in depth the use of the differences by grade,
the world usage by school years in the 3rd, 4th, and 5th years
of primary education was analyzed through descriptive statistics.
The results obtained from the descriptive statistics by grade and
worlds usage are shown in Figure 3.

Figure 3 shows the distribution of usage by grade according
to the time of use in each world. To observe the difference in
use between the activities and the different academic courses, an
ANOVA was carried out. Significant differences are found in the
use of activities classified in the worlds of Logic F(2) = 12.499,
p < 0.001; Spatial F(2) = 13.460, p < 0.001; and Arts F(2) = 4.229,
p = 0.017 (p < 0.05). In exploring the differences in the
use of material between the different academic courses, the
comparison of groups was analyzed using Bonferroni. No
significant differences were found with the use of the Science
activities and the academic courses. Thus, significant differences
are obtained in usage in Logic, among the groups of 3rd with 4th
(p < 0.001) and 5th (p = 0.026, p < 0.05); in Spatial, among 4th
with 3rd (p < 0.001) and 5th (p < 0.001) and in Arts, showing
4th with 5th (p = 0.023, p < 0.05). These differences in use
among 3rd with 4th and 5th grades may be due to the teachers’
preferences and performance, or the amount of content delivered
for each of the grades.

Results from students’ scores by grades obtained via the
ENFEN battery, taken at pretest and posttest, are provided in
Table 1. In this table, the general descriptive statistics of the scores
taken by grades can be found. In order to know the initial point
of students and the differences that could be found between the
scores obtained in each of the courses, a MANOVA was carried
out. In the analysis of the results of the pretest by course, the
following data are obtained for the course variables and scores of
the ENFEN tasks: Grade F(1) = 5,057, p < 0.001; F1 F(2) = 2.072,
p = 0.129 (p > 0.05); F2 F(2) = 7.024, p < 0.001; S1 F(2) = 8.894,
p < 0.001; S2 F(2) = 20.519, p < 0.001; A F(2) = 8.274,
p < 0.001; and IN F(2) = 12.176, p < 0.001. Significance is
observed in the scores obtained in ENFEN between courses.
This may be the effect of the cognitive development of each
of the students depending on the grade they are in. Further in
the study, we analyzed the differences that could be found by
the academic courses of 3rd, 4th, and 5th grades of elementary
school by Bonferroni.

Thus, in the pretest differences show among the scores
obtained in the grades of 5th with 3rd (p < 0.001) and 4th

(p = 0.026, p < 0.05) in Semantic fluency (F2), of 3rd with 5th
in Gray Trails (S1) (p < 0.001), Color Trails (S2) (p < 0.001);
and Interference (IN) (p < 0.001); and of 3rd with 4th in Color
Trails (S2) (p < 0.001), Rings task (A) (p < 0.001), Interference
(IN) (p < 0.001). This may be due to the transition from
the first to the second cycle of primary school, as well as the
cognitive maturation that takes place from the 3rd to 5th grades
of primary school.

To observe the effect of age and the use of digital activities on
the difference in scores obtained between pretest and posttest, the
objective of the following section is set out.

Analysis of the Effect of Using Digital
Material to Executive Functions
The second goal of the study is to analyze the effects of the use
of these activities through the obtained scores via the ENFEN
test. First, an ANOVA of repeated measures was applied to
explore the differences between the scores obtained in the pretest
and posttest. Dependent variables were the scores obtained via
ENFEN with pretest and posttest. The independent variable
between subjects is students’ grade. Time of usage by different
worlds was included as covariable. The results obtained from
the analysis are significant in the test of Gray Trails (S1) from
the ENFEN battery with the use of educational applications
within the following worlds: Logic (N = 145), F(1) = 7.704,
p = 0.006 (p < 0.05), p = 0.787, η2

p = 0.052; Spatial (N = 133),
F(1) = 7.648, p = 0.007 (p < 0.05), p = 0.784, η2

p = 0.056; and
Arts F(1) = 5.092, p = 0.029 (p < 0.05), p = 0.597, η2

p = 0.108
(Figure 4). These results could indicate an effect on tasks working
in tandem with executive functions such as spatial perception,
processing speed, logical reasoning, working memory, visual-
motor efficiency, capacity for anticipation, and foresight through
the use of the activities within the worlds of Logic, Spatial, and
Arts. In this manner, the hypothesis H0 would be rejected and
H1 would be accepted, because there is an effect between the use
of digital material from the worlds of Logic, Spatial, and Arts with
the executive functions evaluated in the Gray Trails task (S1).
No effect on time of use was found for Science activities with
Gray Trails task (S1); thus, in this case H0 would be accepted.
No effect on time of use was observed for the scores in the rest of
the tasks (F1, F2, S2, A, IN). In this case, hypothesis H0 would
be accepted, because no effect is found from the use of digital
material analyzed with the executive functions that are evaluated
in tasks F1, F2, S2, A, and IN.

In relation to the results about the differences that may be
found among grades, significance is only obtained with Arts:
F(2) = 4,392, p = 0.019 (p < 0.05), p = 0.727, η2

p = 0.173.
This might be due to differences in time of usage, mode
of use by teachers, and the number of students using the
applications of this world.

Secondly, in order to deepen the analysis of the effects and
the type of relationship that can be found among the variables, a
linear regression was carried out on the significant tests analyzed
above. In Logic (N = 145), R2 = 0.066, Adjusted R2 = 0.053,
t = 2.958, p = 0.004 (<0.05), β = 0.252. In Spatial (N = 133),
R2 = 0.071, Adjusted R2 = 0.057, t = 2.911, p = 0.004 (p < 0.05),
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FIGURE 2 | Graphic of general descriptive statistics of the time of usage in Science, Logic, Spatial, and Arts.

TABLE 1 | Descriptive statistics of children’s scores by groups from the ENFEN battery.

Total Grades 3rd Grade 4th Grade 5th Grade

Pretest scores Posttest scores Pretest scores Posttest scores Pretest scores Posttest scores Pretest scores Posttest scores

(N = 168) (N = 166) (N = 166) (N = 73) (N = 46) (N = 46) (N = 47) (N = 47)

MD SD MD SD MD SD MD SD MD SD MD SD MD SD MD SD

Phonological
fluency (F1)

9.88 3.66 11.34 11.34 9.35 3.71 10.60 3.59 9.89 3.81 11.24 3.24 10.72 3.33 12.60 3.76

Semantic
fluency (F2)

16.32 4.41 18.58 18.58 15.35 4.06 17.93 4.36 15.91 3.79 17.91 3.25 18.26 4.94 20.26 4.69

Gray Trails (S1) 23.63 7.08 28.32 28.32 21.52 7.02 25.15 6.15 23.79 4.44 29.19 8.38 26.82 8.11 32.38 8.89

Color Trails (S2) 13.16 4.72 16.19 16.19 10.95 3.90 13.79 4.55 14.05 4.18 16.66 4.37 15.83 4.81 19.46 5.15

Rings task (A) 200.41 38.52 165.76 165.76 212.36 37.57 176.49 28.58 184.82 36.40 157.95 36.36 196.59 36.46 156.74 24.95

Interference (IN) 63.43 16.58 78.40 78.40 56.83 13.88 70.80 14.75 68.43 16.43 82.04 18.42 69.06 17.20 86.64 19.28

Abbreviations’ references: phonological fluency (F1), semantic fluency (F2), gray trails (S1), color trails (S2), rings task (A), interference (IN), number of users (N.), minimum
(Min.), maximum (Max.), mean (MD), standard deviation (SD).

β = 0.246. No significance is obtained in relation to the students’
grade. With the Arts world, no significance is obtained from
linear regression, neither with the time of use nor with the grade.
This may indicate effects upon Gray Trails (S1) test scores, with
increased use of the Logic and Spatial worlds’ games (Figure 5).
However, the effects obtained through linear regression are
limited, showing a positive trend. Nonetheless, as no significance
was found with the use of applications within the Art world, no
relationship has been established with the use of these games and
the scores obtained from the Gray Trails test (S1).

Post hoc Design to Contrast the Effect of
the Use of Digital Material on Executive
Functions
In order to investigate the effects of the relationship between
differences in use and the scores obtained, a post hoc experimental
design was carried out, dichotomizing the independent variable
of usage by its mean. In this manner, a group with less use
recorded (0) and another with more use recorded (1) were
created. Thus, the group with less use can serve as a control group
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FIGURE 3 | Graphic of descriptive statistical by grades of time of use in Science, Logic, Spatial, and Arts.

FIGURE 4 | (A) Graphic of S1 Scores from students that played the Logic World. (B) Graphic of S1 Scores from students that played the Spatial World. (C) Graphic
of S1 Scores from students that played the Arts World.

and the group with more use can operate as a pilot group. These
groups were made for each world (i.e., Science, Logic, Spatial, and
Arts). Statistics describing these groups are shown in Table 2.

With the aim of analyzing the effect of usage on the dependent
variable of the scores obtained from the ENFEN tasks between the
two groups, a general linear multivariate model was applied. The
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FIGURE 5 | (A) Graphic of regression analysis with the usage of Logic world and its relation with scores from S1. (B) Graphic of regression analysis with the usage of
Spatial world and its relation with scores from S1.

statistical results of the MANOVA for the independent variables
of dichotomized “time of usage” are Logic F(6) = 1.383, p = 0.226
(p > 0.05); Spatial F(6) = 1.531, p = 0.173 (p > 0.05); Arts
F(6) = 0.365; p = 0.896 (p > 0.05); Science F(6) = 0.658; p = 0.683
(p > 0.05). Each one of these groups created by the use of the
activities of the worlds analyzes the effect between subjects of each
one of the ENFEN tasks; in this way, the results can be compared
with the previous analysis. To provide more information about

the study, it is noted from the results obtained whether there are
differences between the subjects in the pretest and posttest in the
different tasks. These results are presented by each of the ENFEN
tasks, following the scheme of the previous section.

No relationship of usage between the groups in tasks
Phonological fluency (F1) and Semantic fluency (F2) is observed.
These tasks could have been worked with applications from
the Literacy world when assessing students’ phonological and
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TABLE 2 | Descriptive statistics of children by groups created for the post hoc experiment.

Science (N = 35) Arts (N = 46)

Group 0 (N = 25) Group 1 (N = 10) Group 0 (N = 33) Group 1 (N = 13)

Pretest Posttest Pretest Posttest Pretest Posttest Pretest Posttest

MD SD MD SD MD SD MD SD MD SD MD SD MD SD MD SD

Phonological fluency (F1) 10.04 4.21 11.28 4.31 8.00 2.75 11.80 2.20 9.88 4.45 11.97 4.65 9.38 3.57 11.85 2.48

Semantic fluency (F2) 15.96 5.54 18.08 4.05 15.90 4.89 16.20 3.19 15.91 5.07 18.55 4.25 16.23 4.66 17.00 2.65

Grey Trails (S1) 24.02 6.38 29.86 8.25 21.65 3.38 27.04 6.95 24.93 7.27 30.20 9.85 22.93 4.35 26.97 5.69

Color Trails (S2) 13.45 5.32 15.79 5.21 12.61 3.81 15.04 3.94 13.45 4.86 16.22 5.19 13.95 3.91 16.21 3.51

Rings task (A) 194.13 42.04 159.76 26.73 209.81 43.20 163.82 26.72 197.38 36.51 163.38 30.77 195.53 44.88 158.80 22.82

Interference (IN) 64.96 17.37 76.38 15.97 62.07 9.87 77.93 18.42 67.21 15.63 79.29 16.74 63.71 18.23 79.67 16.22

Logic (N = 145) Spatial (N = 133)

Group 0 (N = 78) Group 1 (N = 67) Group 0 (N = 71) Group 1 (N = 62)

Pretest Posttest Pretest Posttest Pretest Posttest Pretest Posttest

MD SD MD SD MD SD MD SD MD SD MD SD MD SD MD SD

Phonological fluency (F1) 9.86 3.78 11.47 3.98 10.34 3.63 11.48 3.33 9.65 3.83 11.01 3.61 10.31 3.73 11.53 3.42

Semantic fluency (F2) 16.10 4.58 18.73 4.70 16.79 4.28 18.76 4.09 15.76 4.50 18.35 4.37 16.66 4.22 18.52 4.06

Gray Trails (S1) 23.26 6.87 26.67 7.59 23.95 6.93 30.49 8.04 22.74 6.37 26.11 6.61 23.32 5.77 30.19 7.79

Color Trails (S2) 12.14 4.38 15.26 4.88 14.84 4.66 17.91 5.12 12.25 4.53 15.37 4.87 14.28 4.05 17.10 4.43

Rings task (A) 203.53 36.57 167.91 28.77 196.68 41.73 159.23 27.68 206.92 35.33 171.19 28.73 195.18 44.03 157.94 27.37

Interference (IN) 60.32 14.78 74.37 17.40 68.84 17.65 84.78 18.18 60.65 15.39 74.51 17.13 66.93 17.39 83.15 18.26

Abbreviations’ references: number of users (N), mean (MD), standard deviation (SD).

semantic skills. The scarce usage of the Literacy activities did
not allow said analysis. Thus, H0 is accepted because there is
no relationship between time of the activities done in the worlds
analyzed (Science, Logic, Spatial, and Arts) and scores taken by
Phonological fluency and Semantic fluency.

As for the Gray Trails task (S1), a significant difference is
observed between the group with the lowest and the highest use
of Logic activities, F(2) = 4,605, p = 0.012 (p < 0.05), p = 0.772,
η2

p = 0.061, and Spatial, F(2) = 5,378, p = 0.006 (p < 0.05),
p = 0.835, η2

p = 0.076 (Figure 6). This is consistent with the
results obtained in the analyses of ANOVA of repeated measures.
Explorations also found that the effects among subjects were
significant in the posttest scores for both types of activities.
Similar to analysis before, no relationship was found between the
differences in the use of Science activities nor among subjects in
the pretest or the posttest. No significant effect was obtained with
the differences in the use of Arts activities nor among subjects
in the pretest and the posttest. This scenario corresponds to
the results of the linear regression analysis. Therefore, H0 is
accepted with time of activities done in the worlds of Science
and Arts because no relationship is observed on scores taken
by the Gray Trails task. In the case of the Logic and Spatial
worlds, H0 is rejected and H1 is accepted by obtaining a
relationship between more usage and higher scores in Gray
Tails task (S1).

In the case of Color Trails task (S2), results only show
significant differences among subjects in students who have used

the Logic and Spatial applications, both in pretest and posttest
results. However, such effects are not obtained with Science or
Arts, which may be due to the small number of students from
these groups using said applications. In this sense, H0 is accepted,
as no relationship was found between the use of digital activities
and the scores obtained in the Color Trails task (S2). The same
results are obtained in the Interference task (IN), with effect
on groups both in the pretest and in the posttest. However, in
Interference task (IN) significant differences are also obtained
between the groups with greater use and less use with Logic,
F(2) = 6,640, p = 0.002 (p < 0.05), p = 0.908, η2

p = 0.086, and
Spatial, F(2) = 4,008, p = 0.020 (p < 0.05), p = 0.708, η2

p = 0.058
(Figure 7). Accordingly, H0 is rejected for the use of Logic
and Spatial activities. H1 is accepted since the time of use of
the activities of the Logic and Space worlds is related to the
scores obtained in the Interference task (IN). This relationship
with use may be due to the impact of said activities on the
executive function of inhibition, but not to that of resistance
to interference, which meant that no transference of these was
observed in previous analysis. It may be a task not transferred
as easy as others to the different types of activities. On the other
hand, since effect was found among the subjects in both types
of tests, it could indicate differences in the progress of students
with inhibition skills or resistance to interference, provided
the fact that they are developed at these ages. Consequently,
differences among students are likely to be based on their
cognitive development.
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FIGURE 6 | Graphics of the differences between group 0 (less use) and group 1 (more use) to scores taken from S1: (A) with the use of Logic activities; (B) with the
use of Spatial activities.

FIGURE 7 | Graphics of the differences between group 0 (less use) and group 1 (more use) to scores taken at IN (A) with the use of Logic activities (B) with the use
of Spatial activities.
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In the Rings task, significance is obtained among the groups
with different uses of Spatial world activities: F(2) = 3.649,
p = 0.029 (p < 0.05), p = 0.664, η2

p = 0.053 (Figure 8). This
may indicate a relationship with the processing speed in this
test given the reduced time of execution. Thus, H0 is rejected
with the use of Spatial. H1 is accepted since the time of use
of the Space activities is linked with the scores obtained in
the Ring task (A). For the use of the rest of the worlds, H0
is accepted, and no relationship is found between the time of
use of the Logic, Science, or Art applications with the scores
obtained in the Ring task (A). Effects among subjects show
significance among students, given the results obtained in the
posttest. However, no effect was obtained from the scores in
ANOVA of repeated measures analyses. At this point, it would
be advisable to investigate the level of students’ transference and
extrapolation of knowledge to different tasks.

DISCUSSION

Discussion of Implementation and
Usefulness
The analysis of usage reveals preference for digital material
focused on activities that work logic, visual–spatial, science, and
artistic skills and knowledge. Nevertheless, no homogeneous
usage is found within their lessons. One explanation addresses
the lack of time for implementing the platform within their
lessons, as reported by teachers during the follow-ups. Some
of them were able to introduce digital activities as part of the
lessons; meanwhile, others allow students to merely play freely
at the end of the lesson’s tasks. This can explain the differences
in usage found between Logic and Spatial worlds vs. Science
and Arts worlds’ usage. A combination of curricular activities
(especially dealing with Logic, Science, and Arts) and non-
curricular activities (as Spatial) is then the most used. Similar
results were obtained from the analysis of usage at pilot schools
from different regions in Spain (Lara Nieto-Márquez et al., 2020).
All things considered, preference of usage of materials more
suitable as support for the lessons for activities of Logic and
Spatial can be observed.

In the analysis of use by grade, differences can be observed
between the grade corresponding to the first cycle (3rd of
primary) and the grades of the second cycle (4th and 5th).
Thus, the use of activities in the second cycle of primary is
noteworthy. In the 4th year, there was a more homogeneous
use of the activities of the different worlds. In this way, the 4th
grade is the year in which the application of the material has
been carried out most effectively. This may be due to the amount
of content developed for this age group compared to 5th grade,
which also had the same teachers. However, in the 3rd grade, yet
having a considerable amount of material to be implemented at
classroom, time of usage comes lower than for those of the 4th
and 5th grades. These differences in use could also be equated
by improving teacher training in the use of digital material
as support to their class. Likewise, more studies among the
educational community would be necessary to determine to what
extent this implementation is affected by the teachers’ derivation

of use, by the disposition of the material in the classrooms, or by
the contents of the digital activities.

Discussion of the Effect of the Use of
Digital Material on the Different Tasks of
the ENFEN Battery
Results show that an effect with the use of activities of Spatial and
Logic may explain the improvement at Gray Trails tasks (S1).
No effect of age is found. Moreover, this analysis approaches a
positive relation between the higher use of these activities and
higher scores at Gray Trails tasks (S1). In post hoc design analysis,
this same relationship results. Thus, these kinds of activities can
be useful for tasks that involve spatial perception, processing
speed, logical reasoning, working memory, visual efficiency,
anticipation, and forecasting (Portellano et al., 2011). Activities
in the logical–mathematical area include those of calculus
and coding that may have contributed to the improvement,
as well as those activities based on puzzles from the Spatial
world. This coincides with studies, such as that of Castellar
et al. (2015), in which students were observed to be able
to improve executive functions, relating to working memory,
through logical–mathematical skills. A further characteristic that
may have influenced task performance comes with playability
or the possibility of repeating multiple times activities from
this world, thanks to their variability (Lieberman et al., 2009;
Diamond, 2012; Blumberg and Fisch, 2013). Other activities, like
tales or escape rooms from the Literacy world, are designed to
be played once, thus impeding students to train the required
skills by repetition.

Furthermore, the use of technology helps in the more effective
processing of information, as it is based on visual and auditory
channels. This may help to reinforce the executive functions
involved in Gray Trails tasks (S1) by storing and handling
information in a conscious and active manner (Mayer, 2005;
Diamond, 2012, 2013). Likewise, working with visuospatial
activities could contribute to a better coordination in this task
and competence in spatial processing (Latham et al., 2013).
Nevertheless, the training may not have led to develop enough
changes at a neuronal level, as for engaging transference of these
skills to other tasks within the ENFEN battery (Klingberg, 2010).
Improvement accompanying the use of logical–mathematical
and spatial applications may be due to a longer time spent,
compared to all the other applications in other areas. In this
way, literature shows that executive functions, such as reasoning
or processing speed, can be improved with digital activities
training (Cf. Mackey et al., 2011). Both these areas complement
each other, leading to reciprocal improvement, as mathematical
and spatial skills share neuronal routes at the prefrontal cortex
(Bavelier et al., 2012). Studies such as Wei et al. (2012) or Titz and
Karbach (2014) have shown that the training of visuospatial tasks
may help to improve such skills, as they correlate in a directly
proportional manner to mathematical performance.

In our studies, results suggest that Spatial and Logic activities
are useful to improve certain executive functions combining
spatial perception, processing speed, logical reasoning, working
memory, visual–motor efficiency, anticipation, and foresight
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FIGURE 8 | Graphics of the differences between group 0 (less use) and group 1 (more use) showing scores obtained from A with the use of Spatial activities. Scores
at task A are measured in time, being thus inverse to progress.

(Portellano et al., 2011). In relation to age, only significant
differences are observed between the scores obtained from the
different tasks of the ENFEN battery. Age is not observed
to have an effect along the use of the Logic and Spatial
applications. It can be expected to observe a relation with
the usage of activities into Logic and Spatial World with
other tasks sharing specific executive functions. Obtention
of relationships with improvement on Gray Trials (S1) and
not with Color Trials (S2) could be explained since in S2,
unlike S1, inhibition is involved along with resistance to
interference. As observed in the Study 2, there could be some
relationship between the Interference task (IN), similar to the
Stroop tasks, with the use of Logic and Spatial activities.
Nonetheless, no effect of improvement or transference has
been detected with ANOVA of repeated-measure analysis
(Bull and Scerif, 2001).

Inhibition and resistance to interference are tested on Color
Trials (S2) and Interference (IN): their effect with other executive
functions might show strong to the point of interfering with

the transfer of acquired knowledge. Also, in the Stroop task
(in the present study referred as IN) no effect in the use of
digital materials can be found on score improvement with
ANOVA of repeated-measures analysis. It has also been noticed
that the instruction sessions with digital activities improved
the performance through the transfer of the training of the
working memory, although this same process does not happen
to occur with other executive functions, such as inhibition,
or resistance to interference. Several studies relate working
memory to the capacity for inhibition, as regards the choice
of relevant information for the achievement of the task. In
this sense, due to joint work, there may be an overlapping
effect in our study on these observable functions’ results (Cf.
Davidson et al., 2006; Bavelier et al., 2012). Additionally,
our not obtaining an effect on inhibition or resistance to
interference can be explained by differences among students at
these ages, given changes of development at cognitive levels. In
post hoc design analysis, there are significances in pretest and
posttest in both tasks.
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Although there are differences between the scores obtained
from the different grades, age effect is not observed in
conjunction with the use of digital materials. Thus, significance
with the grade is only obtained in Art world activities. On the
other hand, the first analysis obtained effect with the variables of
grades and usage of digital material. However, when analyzing it
to identify the type of relationship, the said effect was lost. In such
a way, it could be claimed that the initial effect was related to the
students’ worked graphomotricity, which, as the applications of
Art do not have a generalized use among students, makes this
effect disappear. Likewise, results could indicate a relationship
with age and not so much with usage, since in the post hoc design
no relationship is obtained either.

Moreover, no effect or relationship is found among the use
of the Science world, students’ age, and the ENFEN tasks,
perhaps because of their limited use. Likewise, in post hoc design
results show relation with the Rings task and use of activities
within the Spatial world. The Ring task’s results could indicate
an improvement in students’ processing speed, as its score is
formulated by the time of performance. Furthermore, a highlight
in the improvement of visuospatial skills is the training based on
action video games or repetition games (Oei and Patterson, 2013),
which are also observed to help improving processing speed.
There is no noticeable improvement of any significance with the
use of activities from any of the tasks, but there is a reduction in
the performance time that could be due to the trained processing
speed. One question here arises about whether a significant
improvement could be obtained from other executive functions
too (inhibition, cognitive flexibility, etc.), that are related to the
different ENFEN tests, by increasing the use of all the areas
of digital material included in the platform. Improvement in
the ENFEN tasks could be due to the enhancement in both
processing speed, by reducing the time spent on the tasks, and
in accuracy, by reducing the number of mistakes. The balance
between processing speed and accuracy varies with age, although
no effect was observed in our results (Davidson et al., 2006; Best
et al., 2011; Bavelier et al., 2012). A reason for not detecting
an improvement in other tasks may be answered exploring the
higher effort required for their resolution, lacking transference
of other trained skills into this one (Cf. Davidson et al., 2006;
Bavelier et al., 2012; Karbach and Unger, 2014).

Limitations of the Study
It is necessary to consider the limitations of the study, for
the understanding of the analysis of digital material and its
effect, in order to avoid misinterpretations. The importance of
executive functions lies in their prediction of children’s academic
performance and that these can improve or strengthen their
proper development through their reinforcement by instruction
in children aged up to early adulthood (Davidson et al., 2006;
Karbach and Kray, 2009; Mackey et al., 2011; Diamond, 2012,
2013). There is still a need to continue studying how transference
takes place to different daily or school activities, and whether
this can be adapted according to students’ individual needs
(Karbach and Kray, 2009). There are still limitations in the
studies on training and transference depending on the executive
functions, tasks being trained, and the goals to be achieved

(Bavelier et al., 2012; Karbach and Unger, 2014; Titz and Karbach,
2014). In this case, some transference of the skills worked with
the digital material has been observed in tasks such as Gray
Trials (S1). This may lead us to question what school tasks
could this skills transference be observed with. This study also
raises limitations on training and transfer of specific executive
functions. That is, task scores may be due to the coordination
of multiple executive functions. Another consideration could be
that interventions based on working executive functions require
more time, as discussed in their study (Sulik et al., 2020). The
present assessment hinders an individual rating of the functions
trained the most through the different skills, which could have
been developed according to the schema of the development of
the digital educational material. On the other hand, the effects
observed in the linear regression of Study 1 are limited. This effect
shows a light trend that digital material could add something
to the performance of some tasks. It should also be noted
that the variables used in the study are not marked by major
changes. Improvement in all the scores may be due to the skills
acquired during the year; however, lacking a control group, this
observation resists a precise answer and any further explanation
(Cf. Mackey et al., 2011). Therefore, a post hoc study was designed
to see the comparison assumption between a pilot group and a
control group generated. Otherwise, these studies focus actual
conditions of usage at school with all daily life troubles, the reason
why designing a post hoc study applies for analyzing differences
between time of usage.

This study is based on an external evaluation of digital
material using a neuropsychological test to assess progress of
executive functions. To be able to give a better response to
the progress of the students, metrics could be implemented
in the platform through the “Learning analytics system.” That
point would provide a more exhaustive evaluation of the same
variables as the neuropsychological tests such as ENFEN to
improve the comparative studies of the quality of the material.
In addition, using different programs could improve these
evaluations. It would also be interesting to evaluate different
pedagogical aspects, teaching, teacher profiles, times, and mode
of use, among others. This would help to give more accurate
feedback on aspects to be improved. Further research including
longitudinal studies is required to verify the effects of long-term
training and knowledge transference versus sporadic training
or uses. Additionally, extending the study samples would allow
an analysis of the diverse variables that may be influencing the
learning process, the contexts, and other factors. A study on
the transference of these learning processes will help to design
interventions to develop the competences required for future
management, as yet undefined; e.g., the competence of learning
to learn (Cf. Lieberman et al., 2009; Patino et al., 2016).

Sundry studies have sought to analyze executive functions
individually (Miyake et al., 2000; Davidson et al., 2006; Lopez-
Rosenfeld et al., 2013), which is appropriate for a study that
explores and addresses their functioning. Nevertheless, isolating
the different executive functions in activities designed for
classroom use is a complex matter (Best et al., 2011). Multi-
domain tasks, such as the ENFEN battery, assess several executive
functions simultaneously, which complicates any specific study
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of their separate development and their interactions between
in skills transference (Karbach and Unger, 2014). The usage
of an instrument such as ENFEN can also be a limitation
when evaluating multiple cognitive processes within executive
functions. The evaluation and application of these tasks are
applied according to the publisher’s manual (Portellano et al.,
2011; see additional material) and contrasts with theories such as
that of Miyake et al. (2000). Although certain pieces of literature
(Cf. Miyake et al., 2000) consider the model of study the executive
functions as separable components for specificity studies, school
tasks however require of a more accurate description of plurality
via multi-domain tasks engaging the combined application of
multiple executive functions as ensemble (Davidson et al., 2006).
The Smile and Learn Platform has designed activities in game,
video, and quiz format, similar to the activities that can be
posed in the classroom to work on the school curriculum. This
manner, the applied ENFEN instrument was selected as being
the most appropriate one for the general analysis addressing
this educational platform. However, studies of the effect of
digital material with elementary school students and materials in
Spanish were so scarce. Another limitation that can be pointed
out in relation to academic performance is that the intelligence
quotient as a variable has not been controlled. However, the
heterogeneity and size of the sample, as well as the other
variables analyzed, can provide sufficient value and ecological
validity to the study.

CONCLUSION

As commented in the discussion, it is important to consider the
limitations of this study for its interpretation, such as the lack of
a control group. For the analyses of the data, the times of use
correspond to the groups of students who have used the digital
activities according to the worlds of Logic, Space, Science, and
Art. Thus, for each of these groups of students who have used the
digital material, their results have been analyzed in the ENFEN
tasks (F1, F2, S1, S2, IN, A).

One of the key aspects comes with our methodology, given
it centers the importance of a proper implementation and use
in the classrooms to show more precise results or gather more
data, as well as a suitable teachers’ training, along with the
guides for selecting digital materials that best fit their educational
purposes. The aim of many of these materials tends to facilitate
teaching practice through resources customization. Teachers may
thus exercise and focus on mentoring and enhancing social
relationships in the classroom to enrich the learning process
(Lopez-Rosenfeld et al., 2013). The classrooms’ usage of Smile
and Learn has been freely undertaken by the teachers in order
to study the actual implementation this material may have at a
school, considering preference and interests upon the different
study areas. Establishing a strict use within the school timetable
performance could have been improved; nevertheless, by ceasing
to be a complementary aspect thus becoming mandatory, it could
lose its motivational trait, impacting the students’ performance.

There is still a need to continue investigating for improving
the material’s design and assessment in order to achieve specific

learning goals, good interactivity, immersion, etc. (Revelle, 2013;
Arnab et al., 2015; Abdelali et al., 2016). This stream of research
could focus on exploring the relationship and interaction between
the gaming elements for learning, in the same way that there
are established patterns based on the mechanics of games for
prompting actions in players. Furthermore, there is a need
to consider the effort and time required when designing and
developing digital materials, involving a proper gathering of data
through Learning Analytics Systems through intrinsic assessment
of games, among other matters (Hickmott et al., 2016).
This requires interdisciplinary teams of researchers, educators,
designers, and developers of educational applications that should
work together to continue improving materials on the market,
proposing solutions to limitations in terms of development
which involve common vocabulary and more flexible approaches
extending beyond each area’s disciplinary perspectives (Cf.
Bellotti et al., 2011; Arnab et al., 2012, 2015; Hirsh-Pasek et al.,
2015; Hickmott et al., 2016; Arnab and Clarke, 2017).

Systematically, following the design guidelines, the mechanics
or elements of the activities of the Logic and Spatial worlds
include repetition possibilities, error and success feedbacks,
time spent on the task, and rewards. These characteristics, as
well as the logical–mathematical and visuospatial skills worked
through these activities, may have helped students to improve
in tasks involving executive functions such as spatial perception,
processing speed, logical reasoning, working memory, visual–
motor efficiency, anticipation, and foresight. Based on our results,
the design of more variegated games focusing on the training
of executive functions and visual–spatial fields is advised. This
would help researchers in clarifying the relationships among
executive functions and visual–spatial skills, especially those
of inhibition and resistance to interference, in different tasks.
Deeper analyses on said characteristics will show new ideas for
designing further activities for other worlds of the platform.

Further research is needed to define the specific game
elements included in these types of activities for determining
their link to learning. Despite that studies as Baptista et al.
(2015) address performance on skills focusing on operations,
decision making, problem solving, or organization with
games and quizzes, more research is needed to establish
definitive relationships with learning variables. Likewise, it
would be advisable to implement built-in metrics that could
evaluate executive functions internally, from the design of
such activities, as well as neuropsychological tests. Studies
such as Homer et al. (2018) have used commercialized
games to see the effect of their use on students’ cognitive
skills, such as executive functions. This study pointed out
the usefulness of some commercialized games as opposed to
others developed for analysis in educational interventions.
Moreover, the use of digital games and technology may help
to build a knowledge base for a subsequent transference
of learning, supporting the acquisition of more complex
knowledge; nevertheless, this should not be considered the
only means (Cf. Blumberg and Fisch, 2013). By including
metrics in activities, internal assessment of activities
could be contrasted with external assessments to address
relationships between different variables. This would
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allow checking the consequential transference of skills and
knowledge among different tasks.

IMPLICATIONS OF THE STUDY

As for this study’s approach, our work concerns upon a
complete variety of school areas (all curricular areas were
included), in contrast with other studies that focused on an
isolated specific area. We could find a sheer lack of said open-
scope articles in the literature. Thus, this study provides a
general external evaluation of digital educational material in
the school context. For this purpose, the similarities of the
instrument used with the tasks carried out in the different
worlds of activities of the platform analyzed were considered.
This general study gives an overview of the areas in which
the use of technology in schools seems to have a greater
interest and effect.

As a result of this interdisciplinary evaluation study on digital
material design, UX Research and education could extract other
future implications for the industrial and academic sectors:

• Discussing the relationship between our results and
said areas, those including logical and visuospatial game
activities contributed with the most significant results.
Thus, deepening in such games, research would provide
more efficient contrast for further comparisons within the
literature and design.

• More open-scope studies will be necessary for
understanding how these materials get implemented at
schools, by trained teachers, and upon specific children
niches. In this sense, more research on the differences
among areas is required. Digital educational material
is far from being adapting and fully incorporating all
pedagogical theories in order to obtain significant results
at children’s development without any teachers’ support
(self-regulated learning).

• Specific results in each of the areas could be completed
from the field of cognitive psychology, including more
variables of academic performance as intelligence quotient.
To this end, it could be recommended to the industrial
community to consider both the pedagogical objectives
to be included in game design and skills through
executive functions. In this way, training studies of specific
components of executive functions could be considered
through these materials.

• Further research in these areas could help to relate more
comprehensively the relationship between the design of
digital material and its mechanics to learning processes.
This would support the possibility of creating design and
development guides useful for EdTech companies.

• Investigate the relationship of executive functions with self-
regulated learning supported by digital material.
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