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Abstract. The use of multiple external representations (MER) in the empow-
erment of executive functions (EF) was identified and characterized through a
systematic mapping. EF are part of the human learning triad, contributing to
the development of complex executive skills. Learners may have difficulty de-
veloping EF, and can benefit from MER. Data from 18 articles were extracted.
Most MER systems used two external representations, verbal-textual and visual-
graphical, through desktop applications. In relation to EF, the most considered
component was working memory. We identified the need for further research
that considers the effects of MERs on cognitive flexibility and inhibition, and the
impact of mobile devices to the exhibition of MERs.

Resumo. Foi identificado e caracterizado o uso de múltiplas representações
externas (MRE) na capacitação de funções executivas (FE) através de um ma-
peamento sistemático. FE fazem parte da trı́ade da aprendizagem humana, con-
tribuindo para o desenvolvimento de habilidades executivas complexas. Alunos
podem ter dificuldade nas FE, beneficiando-se das MRE. Dados de 18 artigos
foram extraı́dos. A maioria dos sistemas MRE utiliza duas representações ex-
ternas, verbal-textual e visual-gráfica, por meio de aplicativos desktop. Em
relação às FE, o componente mais considerado foi memória de trabalho. Há
necessidade de pesquisas sobre os efeitos das MRE na flexibilidade cognitiva e
inibição e o impacto de dispositivos móveis para a exibição de MRE.

1. Introduction
In the learning process, it is understood the importance of, when presenting concepts
to people, resorting to the use of representations [de Vries, 2012]. External represen-
tations (ER) can be described as “symbolic elements” which represent real entities and
phenomena, making them tangible, manipulable, and available for thought, imagination,
and action [Pande, 2020]. Students need to be exposed to the same concept repeatedly
to favor learning [Prain & Waldrip, 2006]. We can use different ways to represent these
entities or phenomena, and that is when multiple external representations (MER) arise
[Tytler et al., 2007].

Developing effective representations may require substantial effort. The Concep-
tual Framework Deft [Ainsworth, 2006] establishes a set of five design parameters which
are applied exclusively to MER: (a) the number of representations, (b) the form of infor-
mation distribution, (c) the format of each representation, (d) the presentation sequence
of representations, and (e) the support for the alternation between the representations. In
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addition, combining the type of ER with learning demands can significantly improve the
performance and the student’s understanding [Ainsworth, 2006].

Texts, math symbols, images, graphics, animations, and videos are good exam-
ples of ER. Wu and Puntambekar (2012) present a taxonomy of multiple representa-
tions, namely: verbal-textual (used to categorize linguistic words and symbols, for exam-
ple), symbolic-mathematical (e.g., signs, symbols and mathematical conventions), visual-
graphical (graphics, figures, animations, and videos) and actional-operational (demon-
strations and manipulatives). Researches have been conducted on the effect of MER
on the cognitive functions of individuals [Malone et al., 2020; Moritz, 2019; Pande &
Chandrasekharan, 2017; Renkl & Scheiter, 2017]. Nevertheless, the system of cognitive
functions is only a part of the functional triad of human learning, along with executive
functions and conative functions [Fonseca, 2014]. In this study, we chose to address ex-
ecutive. People who have failures or delays in the development of EF tend to have learning
disabilities [Corso et al., 2013], such as children diagnosed with dyslexia disorder and/or
dyscalculia disorder [Shakouri & Hashemi-Razini, 2019]. Students with learning disabili-
ties have limitations to solve problems efficiently, difficulties in concentrating, difficulties
in classifying, organizing and prioritizing information [Meltzer & Krishnan, 2007].

Executive functions (EF) are characterized in three basic components: cognitive
flexibility, inhibition, and working memory [Archambeau & Gevers, 2018; Miyake &
Friedman, 2012; Miyake et al., 2000]. Cognitive flexibility refers to the ability of an
individual, who can change their perspectives, change their thinking about something,
adjust to new demands or priorities [Diamond, 2013]. Inhibition allows the individual to
inhibit or delay an instinctual reaction, resist the interference of distractions that cause
the loss of attention during the performance of an activity [Fitó, 2012]. Working memory
is the ability to hold information in the mind and manipulate that information [Hoskyn
et al., 2017]. When these three basic components are integrated, the development of
other complex executive skills, such as problem-solving, planning, decision-making, and
reasoning, is possible [Krause, 2020].

Understanding how MER affects the development of EF can be beneficial for peo-
ple with learning disabilities. Thus, this article presents a systematic mapping study
(SMS) that aims to identify and characterize the use of MERs in the empowerment of
EF. This article is organized as follows: the next section describes the protocol used to
perform this systematic mapping. The results obtained are presented and discussed below.
Finally, conclusions and future work are presented in the last section.

2. Method
A SMS provides an overview of a research area, aiming to establish the existence of stud-
ies on a particular topic, thus making it possible to obtain an indication of the amount of
evidence and possible gaps [Kitchenham & Charters, 2007]. In the current study, the SMS
was used to identify the state of the art of research and identify topics of interest, without
the need for an in-depth analysis. The method was based on the guidelines proposed by
[Kitchenham & Charters, 2007].

The main objective of this systematic mapping was developed from Goal-
Question-Metrics (GQM) paradigm [Basili & Rombach, 1988], aiming to analyze pri-
mary studies, with the purpose of characterizing, in relation to the use of MER in the
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empowerment of EF, from the point of view of researchers in Computer Science, in the
context of publications available in the digital libraries ACM DL, APA PsycNet, Engi-
neering Village, IEEE Xplore, PubMed. The choice of libraries was based on the popu-
larity of search engines of computer science, health science and psychology.

The main research question is “How have multiple external representations been
used in the empowerment of executive functions?”. Thus, to answer the main question,
research sub-questions (SQ) were develop, as follows: SQ1 - How many external rep-
resentations were used in the study?; SQ2 - What is the combination of external rep-
resentations used in the study?; SQ3 - How is information distributed between external
representations?; SQ4 - How is the sequencing of the presentation of external represen-
tations performed?; SQ5 - What technology is used in the presentation of MER?; SQ6 -
What components of EF are covered by the study?; SQ7 - What disciplinary contents are
covered by the study?; SQ8 - In which context was the study applied and evaluated?; SQ9
- What is the age group considered in the study?.

The current SMS made use of the PIO criteria (Population, Intervention, Out-
put) [Kitchenham & Charters, 2007] to define the search string: (“executive functions”
OR “cognitive flexibility” OR “shifting” OR “inhibition” OR “working memory”) AND
(“multiple external representations” OR “multiple representations” OR “multimodal
representations”) AND (“learning” OR “education” OR “teaching”). Primary studies
written in English were taken into consideration, since it is the predominant language in
the research field. The search in the databases was carried out on the 15th of January
2021, and no restriction was established regarding the date of publication of the studies.
Each article obtained through the SMS was, independently, analyzed by two researchers
(R1 and R2), who decided on the selection of each paper. Two filters were applied: In
the first, only the title, abstract, and keywords were explored; and in the second, the full
reading of the article was carried out.

The inclusion criteria (IC) were: IC1. Articles that address two or more forms of
external representations involving EF; and IC2. Articles aimed at enabling cognitive flex-
ibility, inhibition, and/or working memory using MER. The exclusion criteria (EC) were:
EC1. Publications that do not meet the search scope; EC2. Publications that are not in the
English language; EC3. Publications that have already been selected in another database
(duplicated publications); EC4. Publications belonging to gray literature (manuals, re-
ports, theses, dissertations, and among others), excluding book chapters that are articles;
EC5. Publications representing secondary or tertiary studies; and EC6. Publications that
are not fully available for reading.

During first filter aplication, articles were excluded by consensus among re-
searchers. In case of discrepancy, the article was included to apply the second filter.
The Kappa statistical test was used to assess the degree of agreement between researchers
[McHugh, 2012]. The value of (κ) for the first filter was 0.85, indicating an almost perfect
agreement. Discrepancies in the selection of articles during the application of the second
filter were resolved by consensus among researchers after the completed reading. The
second filter obtained a value of 1 in the Kappa coefficient, indicating perfect agreement.

Initial search in selected libraries returned 188 publications. After 1st filter execu-
tion, 63 publications were selected. Applying the 2nd filter, 18 publications were selected
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for data extraction, resulting in 9.57% of the total. The extracted data were grouped in
an electronic spreadsheet, using Google Sheets. The spreadsheets related to the 1st 1 and
2nd 2 filter are available for viewing. Gnuplot software was used to generate graphics.

2.1. Threats to Validity and Limitations

Considering the most popular threats to validity presented in Ampatzoglou et al. (2019),
we sought to mitigate data extraction and research bias by carrying out the process by two
researchers, who independently evaluated the studies, and met periodically to discuss the
selection process. Regarding the study inclusion/exclusion bias, the SMS protocol was
created, analyzed and discussed by two researchers. We sought to define inclusion and
exclusion criteria to select articles that could fully answer the research questions.

Regarding the construction of the search string, the PIO methodology
[Kitchenham & Charters, 2007] was defined, widely used for the construction of sec-
ondary studies. To mitigate the threat of Selection of Digital Libraries, we seek to diver-
sify digital libraries in relation to the area of knowledge. Therefore, popular databases
that focus on computer science, health science and psychology were selected. Also, as
limitations of this study, it is understood that the limited number of selected search en-
gines may be an impediment to a broader selection of studies that would fit the objectives
of this SMS. Another limitation is related to other possible article recovery techniques,
such as snowballing, which were not used in the process.

3. Results and discussion
Data were extracted from 18 articles, which were published between 1989 and 2020.
However, there has been a slight increase in the number of publications in recent years,
with the largest number of publications occurring in 2020 [Hansen & Richland, 2020;
Tomlinson et al., 2020; Blanchard et al., 2020]. This demonstrates that there is still re-
search on the subject being carried out today. The articles were published in 6 journals
and in 10 conferences.

3.1. Number of external representations

SQ1 sought to investigate the amount of ER used by each publication obtained in the
SMS. Among the design parameters applied exclusively to multi-representational sys-
tems, the number of representations must be analyzed [Ainsworth, 2006]. The number of
ER used varied between 2 and 7. In the SMS, 44.44% publications used two ER [Hansen
& Richland, 2020; Coste et al., 2011; Begolli et al., 2018; Bodemer & Faust, 2006; Huff
et al., 2010; Schank & Hamel, 2004; Fan et al., 2016; Blanchard et al., 2020]. One of the
reasons why most studies use two ER may be related to the dual-coding theory discussed
in the study [Fan et al., 2016]. The dual-coding theory understands that, to facilitate
learning, information needs to be transmitted in two ways, verbal associations, which
represent textual elements, and non-verbal, which represent visual elements. [Clark &
Paivio, 1991].

The other amounts of ER used in publications have values closer to each other, be-
ing 16.67% with four ER [Pande & Chandrasekharan, 2014; Plass et al., 2003; Neuwirth

1https://shorturl.at/uIOY6
2https://shorturl.at/vRST9
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& Kaufer, 1989], 16.67% with five ER [Husted et al., 2014; Vainio et al., 2005; Vieira
et al., 2017], 11.11% of the publications used three ER [Carlson et al., 1990; Davis et
al., 2017] and, with 5.56% each, publications that used six [Tomlinson et al., 2020] or
seven [Giordani et al., 2012] ER. When analyzing this data, it can be observed that there
was a preference for a smaller number of ER involved in the multi-representational sys-
tem. Above all, it is recommended to use a minimum number of representations, which
should correspond to the established pedagogical function, considering the cognitive tasks
involved in the addition of ER [Ainsworth, 2006].

3.2. Combination of external representations

The second element belonging to the design parameters, according to Ainsworth
[Ainsworth, 2006], is the presentation format of the MER. Thus, SQ2 aimed to identify
the different types of ER that were used in the publications obtained in this SMS. Inte-
gration between external representations and the scientific processes involved in learning
can maximize the benefits of each representation. Furthermore, this integration can allow
the limitations contained in a given representation to be compensated through others [Wu
& Puntambekar, 2012].

To categorize the ER contained in the articles, we chose to use the taxonomy pre-
sented by [Wu & Puntambekar, 2012]. The taxonomy contains some categories: verbal-
textual, symbolic-mathematical, visual-graphical, and actional-operational. Each ER was
placed in one of these categories. So, the articles used external representations that might
be classified in one or more categories. Half of the publications [Hansen & Richland,
2020; Giordani et al., 2012; Plass et al., 2003; Coste et al., 2011; Begolli et al., 2018;
Bodemer & Faust, 2006; Blanchard et al., 2020; Neuwirth & Kaufer, 1989; Vainio et al.,
2005], did use ER, applying a combination of verbal-textual and visual-graphical repre-
sentation. Some ER contained in these categories and used by the selected studies are
text, descriptive audio, oral propositions, images, videos, photos, tables, and animations.

Combination of the external representations of the verbal-textual, symbolic-
mathematical, and visual-graphical was present in 22.22% [Husted et al., 2014; Carlson et
al., 1990; Tomlinson et al., 2020; Vieira et al., 2017]. It is observed that the main combina-
tion, verbal-textual and visual-graphical, was present, isolated, or associated with another
category, in 72.22% of the studies. This happened because when images are used adjunct
to text, they can improve text memorization, as images can represent the text content and
provide a non-verbal representation that can be retrieved [Robinson, 2002].

Publications that presented ER in other categories, represent 5.56% each, being
symbolic-mathematical and visual-graphic [Pande & Chandrasekharan, 2014], verbal-
textual and actional-operational [Fan et al., 2016], visual-graphical [Huff et al., 2010],
verbal-textual [Schank & Hamel, 2004] and symbolic-mathematical and actional-
operational [Davis et al., 2017].

3.3. Distribution of information between external representations

The flexibility regarding the way that information is distributed between the ER impacts
the complexity of each external representation and the redundancy of information be-
tween them [Ainsworth, 2006], that is, if the information present in the representations
differs (non-redundant), the same information is present in the various representations
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(redundant) or the representations contain part of the information (partially redundant).
Thus, SQ3 aimed to identify how the information was distributed in each study, given that
this item is part of the design parameters established in DeFT. In 38.89% of the studies
had partially redundant content among the MER [Husted et al., 2014; Begolli et al., 2018;
Bodemer & Faust, 2006; Huff et al., 2010; Tomlinson et al., 2020; Neuwirth & Kaufer,
1989; Vainio et al., 2005]. The information was presented redundantly in 38.89% of the
studies [Hansen & Richland, 2020; Plass et al., 2003; Carlson et al., 1990; Schank &
Hamel, 2004; Fan et al., 2016; Blanchard et al., 2020; Davis et al., 2017]. There was
no redundancy of information between multiple representations in 5.56% of the studies
[Coste et al., 2011].

In 5.56% of the studies [Pande & Chandrasekharan, 2014], a combination of two
forms of distribution of information between the MER was used. In this case, there were
ER groups, with and without information redundancy, that made up each group. It was
not possible to identify the form of distribution of information in 11.11% of the studies
[Giordani et al., 2012; Vieira et al., 2017]. Although most articles redundantly present in-
formation, this form is only suggested when the information, in isolation, is unintelligible;
otherwise, it is recommended to omit the redundancy. Processing the same information
more than once can make students use unnecessary cognitive resources and have their
learning compromised [Cook, 2006].

3.4. Presentation’s sequencing of the external representations

Sequencing another element of the DeFT design parameters [Ainsworth, 2006] concerns
how MER should be presented or constructed, necessarily when representations are not
presented simultaneously. Futhermore, the user or the system must decide when a new
ER will be presented or when a switch between existing MER will occur. Besides, MER
sequencing is considered a critical approach when learning certain concepts and can affect
students’ focus on explanations and shape their perceptions of representations [Hsu & Wu,
2015; Wu et al., 2012]. Thus, SQ4 sought to identify how the ER presentation sequencing
occurs in the studies obtained by the SMS.

In 33.33% of the studies [Coste et al., 2011; Carlson et al., 1990; Tomlinson et al.,
2020; Fan et al., 2016; Blanchard et al., 2020; Davis et al., 2017] performed simultaneous
presentation of MER. In 11.11% of the articles [Pande & Chandrasekharan, 2014; Begolli
et al., 2018] the ER was presented sequentially, with the alternation being performed by
the system itself, while in 16.67% of the articles [Husted et al., 2014; Huff et al., 2010;
Schank & Hamel, 2004], this switching was performed by the user. Users were able to
access the ER freely (in no defined order) in 16.67% of the studies [Giordani et al., 2012;
Plass et al., 2003; Neuwirth & Kaufer, 1989]. A combination of sequencing possibilities
was used in 16.67% [Hansen & Richland, 2020; Bodemer & Faust, 2006; Vainio et al.,
2005]. It was not possible to identify the sequencing of external representations in 5.56%
of the studies [Vieira et al., 2017].

3.5. Technology used in the exhibition

The technology used to support the alternation between the MER is considered as a design
parameter of DeFT, as it can automatically offer the translation between representations
and has several ways to indicate the connection between the ER [Ainsworth, 2006]. Thus,
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SQ5 aimed to identify the type of technology used for presentation of MER, identified
technologies developed for desktop, tangible interface, printed material, and web.

Among the articles obtained by this SMS, only one publication [Begolli et al.,
2018] did not specify the technology involved in the presentation of ER. The use of
computers (notebook, PC, among others) was the predominant feature in the exhibition.
Above all, 11 publications [Pande & Chandrasekharan, 2014; Husted et al., 2014; Plass
et al., 2003; Coste et al., 2011; Bodemer & Faust, 2006; Carlson et al., 1990; Huff et al.,
2010; Fan et al., 2016; Blanchard et al., 2020; Davis et al., 2017; Neuwirth & Kaufer,
1989] showed use of software on a desktop platform, while 6 publications [Hansen &
Richland, 2020; Giordani et al., 2012; Tomlinson et al., 2020; Schank & Hamel, 2004;
Vainio et al., 2005; Vieira et al., 2017] made use of software on a web platform.

The use of tangible interface [Fan et al., 2016; Davis et al., 2017] and printed
material [Pande & Chandrasekharan, 2014; Husted et al., 2014] was presented in two
publications each. Although the Web platform allows access through mobile devices
(smartphone and tablet), it was noted that there was no specific use of the mobile platform.
When analyzing the correlation between the technology used and the type of external rep-
resentation (Figure 1), it is observed that there was no experimentation involving tangible
interfaces and visual-graphical representations, also it had little integration between the
desktop platform and actional-operational representations.

Not specified

Web

Printed material

Tangible interface

Desktop

AO SM VT VG

8

6

1

1

1

4

2

1

2

0

9

5

0

2

1

2

0

2

0

0

Figure 1. Correlation between the technology used and then type of external
representation. AO: Actional-operational; SM: Symbolic-mathematical; VT:
Verbal-textual; VG: Visual-graphical

3.6. Components of executive functions
The SQ6 aimed to answer which components of EF were addressed in the publications. In
66.67% of the publications addressed the working memory component [Pande & Chan-
drasekharan, 2014; Plass et al., 2003; Bodemer & Faust, 2006; Carlson et al., 1990; Huff
et al., 2010; Tomlinson et al., 2020; Schank & Hamel, 2004; Fan et al., 2016; Blanchard
et al., 2020; Davis et al., 2017; Neuwirth & Kaufer, 1989; Vieira et al., 2017], while the
cognitive flexibility component [Giordani et al., 2012; Husted et al., 2014; Vainio et al.,
2005] was addressed in 16.67% of the publications.

In 16.66% of the publications [Hansen & Richland, 2020; Coste et al., 2011; Be-
golli et al., 2018], EF were addressed as a set of components (working memory, cognitive
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flexibility, and inhibition), identified here as Combined. No publication discussed the in-
hibition component in isolation. Although the publications addressed the components of
EF, only four publications evaluated the component(s) during the study. To evaluate the
working memory, in the article [Huff et al., 2010], a working memory span test was per-
formed and, in the article [Carlson et al., 1990], the evaluation of the state of the output
of electronic circuits was made at regular time intervals.

The studies that evaluated the three components of EF used standardized tests. In
[Coste et al., 2011] the Plus/Minus task test was used to assess cognitive flexibility, the
Running Span task to assess working memory, and the Stroop task to assess inhibition.
The article [Begolli et al., 2018] used the Automated Working Memory Assessment bat-
tery to assess working memory, The Hearts and Flowers task to assess cognitive flexibility
and, to assess inhibition, used The Stop-Signal task test.

When establishing a correlation between the number of ER and the component of
EF addressed (Figure 2), it is possible to notice that, when considering the working or
combined memory components, the studies used a smaller amount of external representa-
tions. However, when taking into consideration only the cognitive flexibility component,
a greater number of external representations was used. Analyzing the correlation between
the type of the used external representation and the EF component addressed, as shown
in Figure 3, it is noted that, for the action-operational category, it was evaluated only by
the working memory component. It is also possible to observe that there were no studies
that simultaneously considered more than one component of the EF using ER contained
in the actional-operational and symbolic-mathematical categories.

Combined

Cognitive flexibility

Inhibition

Working memory

2 3 4 5 6 7
Number of external representations

0

1

0

0

1

0

0

0

1

2

0

0

3

0

0

0

2

0

0

0

5

0

0

3

Figure 2. Correlation between the number of used representations and executive
functions.

3.7. Disciplinary contents covered

The SQ7 investigated the disciplinary content addressed during the experiments reported
in the articles. According to the data obtained, MER can be explored in the teaching
and learning of different disciplines, in different areas of knowledge. However, it was
not possible to identify the disciplinary content in 5.56% of the studies [Coste et al.,
2011].The most used disciplinary content was Physics, addressed in 16.67% of the studies
[Bodemer & Faust, 2006; Huff et al., 2010; Tomlinson et al., 2020]. For that matter
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Combined

Cognitive flexibility

Inhibition

Working memory

AO SM VT VG

0

0

0

2

0

0

1

5

3

0

3

9

3

0

3

9

Figure 3. Correlation between the type of used representations and execu-
tive functions. AO: Actional-operational; SM: Symbolic-mathematical; VT:
Verbal-textual; VG: Visual-graphical

11.11% are the subject contents of Mathematics [Begolli et al., 2018; Davis et al., 2017]
and Computer Programming [Blanchard et al., 2020; Vieira et al., 2017], each.

Other disciplinary contents used in the studies represent, each representing 5.56%
of the total, being Literacy [Fan et al., 2016], Balance of Materials [Husted et al., 2014],
Biology [Hansen & Richland, 2020], Digital Electronic Circuits [Carlson et al., 1990],
Software Engineering [Schank & Hamel, 2004], Synthesis Writing [Neuwirth & Kaufer,
1989], Foreign Language [Plass et al., 2003], Medicine [Vainio et al., 2005], Chemistry
[Pande & Chandrasekharan, 2014] and Corporate Training [Giordani et al., 2012]. Iden-
tifying the disciplinary contents covered in the use of MER allows to understand which
areas have been beneficial for most of these resources. It is observed that there was a
greater use of MER in instructional content related to the area of exact sciences, espe-
cially Physics, Mathematics, and Computer Science.

3.8. Application Context

The SQ8 investigated what context the studies were carried out in, which means the en-
vironment in which the study participants carried out the experiments. According to the
data obtained, most publications used the university environment as the application con-
text [Pande & Chandrasekharan, 2014; Husted et al., 2014; Plass et al., 2003; Bodemer
& Faust, 2006; Carlson et al., 1990; Huff et al., 2010; Blanchard et al., 2020; Neuwirth
& Kaufer, 1989; Vainio et al., 2005; Vieira et al., 2017], totaling 55.56%. The school
environment was used as the context for applying 11.11% of the [Hansen & Richland,
2020; Davis et al., 2017] publications.

Both the enterprise environment [Giordani et al., 2012] and the clinical [Coste et
al., 2011] were considered as application contexts in 5.56% of the publications, each. It
was not possible to identify the application context of 11.11% of the publications [Begolli
et al., 2018; Tomlinson et al., 2020; Schank & Hamel, 2004; Fan et al., 2016]. No study
has performed experiments in the participants’ homes or in more than one environment
(combined).
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3.9. Age group
Investigating the age range of study participants was the objective of SQ9. According
to the data obtained, most publications [Pande & Chandrasekharan, 2014; Husted et al.,
2014; Plass et al., 2003; Coste et al., 2011; Bodemer & Faust, 2006; Carlson et al., 1990;
Huff et al., 2010; Tomlinson et al., 2020; Blanchard et al., 2020; Neuwirth & Kaufer,
1989; Vainio et al., 2005; Vieira et al., 2017] performed the study with adults, being
66.67% of the studies. The Adolescents age group was considered by 16.67% of the
studies obtained [Hansen & Richland, 2020; Begolli et al., 2018; Davis et al., 2017],
while the Children age group was considered by only 5.56% of the [Fan et al., 2016]
publications. It was not possible to identify the age group in 11.11% of the publications
[Giordani et al., 2012; Schank & Hamel, 2004].

4. Conclusions
The present SMS was developed with the objective of answering the following research
question: “How have multiple external representations been used in the empowerment of
executive functions?”. After data extraction, it was possible to identify that research on
MER and EF has been developed over the years, with greater emphasis in recent years
and published mainly in scientific events. The experiments have been carried out, mainly,
with adults in university environments, covering disciplinary contents related to the area
of Science, such as Physics, Mathematics, and Computing. Multi-representational sys-
tems, preferentially, use two external representations, which are mostly characterized in
the verbal-textual and visual-graphical combination, using, especially, desktop applica-
tions. The representations had information, which was partially or fully redundant and
simultaneously presented to users. The main underlying theory was cognitive flexibility
theory. Regarding EF, the most considered component was working memory, although
few articles assess EF.

It was possible to identify some gaps, which require further research. It is noted
that it is necessary to carry out research that considers children and adolescents as partic-
ipants, given that the EF develop from childhood to adulthood [Fitó, 2012]. In addition,
the suggestion of developing research in the school environment is valid, thus favoring the
learning of children and adolescents. We also identified the possibility of developing re-
search on the effects of MER on the cognitive flexibility and inhibition components, above
all, by varying the number of external representations used in the multi-representational
system. Furthermore, we believe it is important to verify the efficiency of MER on these
components, using the types of actional-operational and symbolic-mathematical repre-
sentations. Finally, a lack of research on the effect of the use of mobile devices, when
used in the presentation of the MER for the training of EF, was diagnosed.

This article contributed to the identification and understanding of works carried
out in MER and EF. As future work, it is understood the need for research that allows
the provision of educational support (scaffolding), based on MER, for children who have
learning difficulties, especially for those with deficits in EF. To this end, we propose the
creation of an approach that can allow the development of multi-representational tangi-
ble interface systems, using techniques of intelligent tutoring systems, to be used for the
training of students’ EF. Furthermore, we expect that the results of this study can con-
tribute to the development of the area and that the identified gaps can serve as a basis for
further studies.
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