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Brain Dominance and the Use of Technology for
Learning Purposes in College Students:

A Cross-Cultural Study
ABSTRACT:

The current study aimed to examine the relation between
brain dominance and the use of technology for learning purposes
across three countries. Participants included 634 male and female
students enrolled in universities in Saudi Arabia, Egypt, and
Algeria, selected through stratified cluster sampling. Participants
completed a series of questionnaires assessing brain dominance
and the use of technology for learning purposes. Analysis
demonstrated that females reported greater QC and QD
dominance than men. Statistically significant positive
relationships between brain dominance and the use of technology
for learning purposes were also found. The brain dominance
variables accounted for 79% of the variance in using technology
for learning purposes. Adjusting for the other brain dominance
predictor variables, only QC (positively) and QD (inversely) were
significant. Results may inform the development of special
education programs among technology users to enhance their
learning potential.

Keywords: Brain Dominance; Age Group, Gender; Technology
of Learning.

Introduction:

Modern technology has affected the learning methods used
by the current digital generation. As a result, traditional methods
of learning that are often still used within educational institutions
may be in stark contrast to the methods utilized by students in the
outside world. A fundamental transformation of the educational
system to adapt to these technology-based learning methods is
inevitable; hence, educators must strive to diminish the disparity
between these learning modalities and seek to utilize the power of
technology to facilitate student success (Klopfer, Osterweil, Groff,
& Haas, 2009).

The ability of youth to increasingly use and incorporate
technology into multiple aspects of their daily life has led them to
adopt certain learning preferences and expectations (Baird &
Fisher, 2005). During the 1980s, there was a radical shift in
learning methods to more efficiently and effectively build
knowledge (Boekaerts & Minnaert, 2006), moving from a teacher-
focused method of disseminating information to a student-focused
approach. Emphasis on the student has led to an interest in
structural models of learning (Boyle, Duffy, & Dunleavy, 2003;
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Driscoll & Driscoll, 2005; Boekaerts & Minnaert, 2006), and,
combined with advancements in personal technology, to the
possibility of using technology to support self-directed learning
(Van Harmelen, 2008). For instance, the use of wikis may allow
learning groups to work together to construct and form common
systems of knowledge, both within and outside the classroom.
Groups can also form wikis that reflect certain cultural and social
views. Additionally, blogs allow individual learners to develop
learning activities for their own development, as well as build
learning communities. Thus, different technology modalities may
be used in educational settings to enable learners to construct
their own system of learning. However, as technology is
increasingly used to aid learning, it is important to identify
individual difference characteristics that may influence the use of
technology for learning. One such characteristic that warrants
investigation is brain hemispheric dominance.

Brain Hemispheric Dominance:

Although individuals use both the left and right hemispheres
of their brains in most situations (Roalf et al., 2014; Thompson et
al., 2015), there are significant functional differences between the
two hemispheres. The left hemisphere is largely concerned with
operating (oral and written) verbal information (e.g. analyzing,
organizing, and abstracting); it is also responsible for symbolic
reasoning more generally and logic-based decision making, in
addition to dominating mathematics, colors, tools, scientific skills,
and body parts. Left-hemisphere-dominant individuals have the
ability to explain themselves well (Shaw et al., 2016); they analyze
information linearly, starting with individual pieces of
information and compiling them in a logical manner and
rearranging them until a result is obtained. They process
information consecutively and tend to work with daily plans and
schedules; they continue performing subtasks until the main,
superordinate task is completed (Rodriguez & Rafael, 1994).
Given these functions, the left hemisphere is considered to be the
verbal, analytical, logical, and realistic hemisphere (Kathleen &
Eliassen, 1998).

The right hemisphere, on the other hand, dominates
nonverbal functions, such as intuition, emotion, creativity and
imagination. It has a larger role in recognizing and analyzing
three-dimensional works, especially through visual perception or
visuospatial abilities. It also assists in the processing of
information, images, and music, as well as responds to emotional
stimuli; therefore, it is considered to be the nonverbal, intuitive,
sensory, and emotive hemisphere (Penfield & Roberts, 2014). The
right hemisphere works holistically in information processing; it

-902-



22018 Ll el (gil'ﬂ s 3all (180) :aand) AN daala oAl 4308 Ay

starts with the whole and then moves into the parts (Webb &
Adler, 2016). Although each hemisphere has its own
characteristics and some functions depend more on a certain
hemisphere than the other, ultimately most functions rely on both
hemispheres (Kathleen & Eliassen, 1998; Springer & Deutsch,
1998).

Brain hemispheric dominance (referred to as brain
dominance from this point forward) is considered a broad term
and, although definitions of this construct vary throughout the
literature (Liu & Graf, 2009; Wu & Alrabah, 2009), researchers
are in agreement that brain dominance can be broadly defined as
the way in which an individual typically processes or understands
information (Slack & Norwich, 2007; Zacharis, 2011). As such, the
study of brain dominance may aid in identifying the specific
strategies for learning that best fit individual learning styles
(Goorha & Mohan, 2009). Four preferences (or learning styles)
have been proposed, based on the dominance of specific quadrants
of the brain. According to Herrmann (1995), these learning
preferences are: the Upper Left Brain (quadrant A [QA]); the
Lower Left Brain (quadrant B [QB]); the Lower Right Brain
(quadrant C [QC]), and the Upper Right Brain (quadrant D
[QD]). QA dominant individuals produce principle and
mathematical formulas, discover the most efficient way to
accomplish tasks or solve problems to preserve effort, and
calculate possibilities. QA dominant individuals rely on facts and
logic to solve problems, developing hypotheses and avoiding
emotions (Herrmann, 1995). QB dominant individuals, however,
establish rules based on what has worked in the past. QB
dominant individuals may also be resistant to change. Relative to
QA, QB is considered the action-oriented quadrant. QB dominant
individuals ensure tasks are done on time and correctly, focusing
on only one task at a time (Al Ghraibeh, 2013).

QC dominant individuals take in experience. They are
preoccupied with facts associated with emotional trends,
recognizing mood changes as soon as they happen, responding to
those changes calmly. Experience is viewed as a fact and there is
little regard for logic (Al Ghraibeh, 2013). Emotions and
spirituality provide QC dominant individuals with a sense of
belonging to the world. QC dominant individuals are sentimental,
consensual, and seek harmony (Al Ghraibeh, 2013). Similar to QB
dominant individuals, QC dominant individuals are engaged with
the past; thus, as QC dominance expands, QB dominance is
diminished. Finally, QD dominant individuals thrive on the
excitement of new ideas, possibilities, and questions. QD dominant
individuals are imaginative, artistic, and can be confusing. They
often are unable to understand others or themselves. They tend to
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not work well with others due to their inability to set dates for
project delivery and work completion (Herrmann & Herrmann,
2015). The creativity associated with QD dominance functions
with the support of the other quadrants (Herrmann, 1995).

Brain Dominance and the Use of Technology to Learn:

The use of technology for learning purposes, or the use of
electronic learning means such as mobile devices, internet, and/or
computers, to access available networks as a learning strategy and
method (Stephen, 2012), is a flexible mechanism that can be
adjusted in several ways depending on an individual’s learning
needs and interests. The method that students use to enhance their
own learning will be the method that suits their brain dominance.
Depending on an individual’s brain dominance, learning and
education through technology may emphasize indoctrination,
logic, creativity, initiative, flexibility, emotiveness, visualization,
and free-thinking during the learning process — all of which are
considered functions of the different brain quadrants previously
discussed (Lieberman, 2012).

There is evidence that the use of technology is associated
with brain activation. For example, while conducting a search of
the Web, volunteers with prior Internet experience registered a
twofold increase in brain activation compared to those with little
Internet experience (Champeau, 2008). However, research
examining the connection between brain dominance and
technology use for learning is in its infancy, and as a result, there
is currently limited evidence for the specific brain locations
activated when technology is used. From the studies that have
been conducted in this area, there is evidence to suggest the
influence of the sensory cerebral cortex (right brain: C Quadrant)
in processing various technology (Anderson, Bechara, Damasio,
Tranel, & Damasio, 1999). Similarly, an increase in grey matter
volume in many regions of the brain that play a role in learning,
specifically in the prefrontal cortex, has also been found (Miller,
2011). Four different brain regions (fronto-temporal, fronto-
parietal, fronto-amygdala, and the insular cortex networks) have
been associated with the processing of learning issues (Lahnakoski
et al., 2012). Additionally, use of technology for learning purposes
has been correlated with three learning regions; specifically, the
left amygdala, the right amygdala, and the temporal cortex (Von
Der Heide, Vyas, & Olson, 2014). Furthermore, the prefrontal
cortex has been shown to play a vital role in comprehension (Li,
Mai, & Liu, 2014).

Given the dearth of information on the relation between
brain dominance and the use of technology in learning, as well as
the implication of this relation for updating and developing new
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teaching methods, the primary aim of the present study was to
examine the relation between brain dominance and the use of
technology for learning. A secondary aim of this study was to
examine age (groups of 17-21, 22-26, and 27+ years of age),
nationality (Saudi, Egyptian, and Algerian), and gender (males,
females) as moderators of the relation between brain dominance
and the use of technology.

Hypotheses:

H1: There is a significant relationship between brain dominance
and use of technology for learning purposes. Specifically, the QC;
QD quadrants should be associated with greater preference of
using technology for learning purposes.

Methods:
Study Sample:

Stratified random cluster sampling was implemented in
selected universities in Saudi Arabia, Egypt, and Algeria, to
obtain a sample of 634 students. Of these, 337 were male and 297
were female, enrolled in their respective universities. The sample
age groups were categorized into three levels (17-21, 22-26, and
27+ years of age). The distribution of participants across these
groups as a function of gender and country of residence is
presented in Table 1.

Tablel: Distribution of the Sample Based on the Country of

Residence
Country Gender Age
Overall

1721 22-26 27+
Saudi Arabia M 13 7 43 135
26 55 17 98
Total 39 134 60 233
Eovot M 34 35 35 104
&yp F 31 36 31 98
Total 65 71 66 202
Algeria M 14 77 7 98
F 7 88 6 101
Total 21 165 13 199
Overall 125 370 139 634
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Measures:

A survey instrument, adapted with permission from the
survey of student usage of technology conducted by Kennedy et al.
(2007), was used to collect participant demographic data. This
instrument collected such information as age, gender, and
nationality. The survey also used a series of Likert scale questions
to solicit participant’s usage of technology for learning

Use of Technology for Learning Purposes Scale. The scale
was adapted from Kennedy, et al. (2007) and translated into
Arabic (using a back translation procedure), with the final version
including 20 items measuring the use of technology for learning
purposes. We used these steps to translate the scale: 1) The scale
was presented to a professor in psychology and another in
learning techniques (both of whom have expertise in Arabic and
English), and they were instructed to translate the scale from
English to Arabic; 2) The scale was presented to two other
language proficient professors, one of them with expertise in
psychology and another specialized in teaching techniques, and
they were instructed to translate the scale from Arabic to English¢
3) The consistency of translation for both languages was verified;
4) The scale items were finalized after feedback was received from
this process.

Subjects responded to each item according to their level of
certainty using a 5-point Likert scale. Example measure items
included, "Design and build web pages as part of your course
(e.g., using Dreamweaver, FrontPage)?'"; '"Create and present
multimedia shows as part of your course requirements (e.g.,
PowerPoint)?" The internal consistency of the scale was
acceptable (Cronbach’s a = 0.91). Responses were summed and
the following scale was used to classify results: From (1-1.80)
“very low use of technology,” (1.81-2.60) “low use of technology,”
(2.61-3.40) “moderate use of technology,” (3.41—4.20) high use of
technology, and (4.21-5) “very high use of technology (Kennedy,
et al.,2007).

Brain Dominance. The brain dominance test was constructed
based on Herrmann’s (1995) Brain Dominance Instrument and
included 120 items. The Herrmann (1995) instrument was revised
and developed by She (2005) into the Chinese language. In this
iteration of the testing instrument, the total number of items was
reduced to 60, which described a series of learning activities
preferred by students. Each brain quadrant refers to a learning
style (i.e., QA, QB, QC and QD), and is measured by 15 items
according to Herrmann (1995) and She (2005). The test was
translated into Arabic by Al-Nawafleh (2008). Previous studies (Al
Gharaibeh, 2013; Al Gharaibeh, 2015) ensured the validity and
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reliability of the test. The number of items responded to within
each quarter of the brain was calculated. The internal
consistencies of each brain dominance subscale were acceptable
(QA Cronbach’s a =.77, QB Cronbach’s o = .80, QC Cronbach’s
o =.81, QD Cronbach’s o = .83).

Procedure:

The study was conducted according to the principles of the
Declaration of Helsinki. The data were collected from March 2017
research teams. All participants took part in the study on a
voluntary basis and provided an informed consent. The procedure
across almost all study sites was identical—participants completed
the paper-and-pencil questionnaires, including a demographic
(i.e., age, gender, nationality) questionnaire, with an approximate
time of participation of 25 minutes. In general, participants were
not compensated for their participation,

Results:

To examine which brain quadrant was dominant within
the study sample, means and standard deviations were computed
(see Table 5).

Table5: Means and Standard Deviations of the Brain Dominance

Preferences
Item order Dimension Mean ls)tg,lilgggﬁ
1 QC 4.74 3.235
2 QD 4.17 3.378
3 QB 3.95 2.887
4 QA 3.65 2.621

To examine whether brain dominance was associated with
age (17-21, 22-26, and 27+ years of age), nationality (Saudi
Arabian, Egyptian, and Algerian), and/or gender (males and
females), a series of 3-way, between-group analyses of variance
(ANOV As), with brain quadrants as the dependent variables, and
age, gender and nationality as the independent variables (see
Table 6 for descriptive statistics).
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Table 6: Means and Standard Deviations of Brain Dominance
Preferences Based on Gender, Age Group, and Citizenship

Variable S“‘cts‘“‘ Q°F° QB QC QD
M M. 358 378 447 3.89
SD 2547 2739 3.034 3.147
Gender
- M 372 415 505 449
SD 2704 3.040 3.428 3.601
M 320 374 427 3.90
17-21
SD 1980 2.680 3.065 3.214
M 396 418 525 451
Age 22-26
SD  2.808 3.008 3.319 3.486
M 320 355 381 3.50
27+
SD 2500 2.695 2.891 3.119
Saudi M 3.86 458 571 477
. Arabian  qp 2584 2.823 3.125 3.546
Nationality
M 248 250 243 233
Egyptian
SD  2.003 2119 1.868 1.922
M 457 470 594 534
Algerian

SD 2.784 3.096 3.234 3.567
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Table 7: Three-Way ANOVA Analysis of Gender, Age Group, and
Citizenship Impact on Brain Dominance Preferences

Source of . . .
variance Dimension F-Value Significance
QA 451 502
Gender QB 3.383 .066
QC 7.388 007
QD 5.979 015
QA 182 834
Age QB 477 621
QC 1.315 269
QD .681 507
QA 29.919 <.001
. . QB 40.590 <.001
Nationality
QC 88.032 <.001
QD 49.190 <.001

This analysis demonstrated that women reported greater
QC and QD dominance than men (see Table 7). No other
significant differences were found for gender or age. Analyses also
demonstrated significant between group differences in brain
dominance as a function of nationality.

There are statistically significant differences (L = 0.05) due
to the effect of nationality in all fields, up to differences in English
speech at King Abdulaziz University (table 8).

Table 8: Comparative comparisons in a descriptive manner to the
effect of nationality

Variable Mean Saudi Egyptian Algerian
Saudi 3.86
QA Egyptian  2.48 1.38*
Algerian 4.57 J1* 2.09*
QB Saudi 4.58
Egyptian  2.50 2.08*
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Variable Mean Saudi Egyptian Algerian
Algerian 4.70 A3 2.20%
Saudi 5.71
QC Egyptian  2.43 3.28*
Algerian 5.94 23 3.51*
Saudi 4.77
QD Egyptian  2.33 2.44*
Algerian 5.34 57 3.01*

* Function at significance level (L = 0.05).

Table (8) shows that differences were statistically significant
(L7 = 0.05) between Algerian on the one hand and Saudi and
Egyptian on the other. Differences were in favor of the Algerian in
QA. There were also differences of statistical significance (([! =
0.05) between Egyptian on the one hand and Saudi and Algerian
on the other. Differences were in favor of both Saudi and Algerian
in QB, QC and QD.

To examine the relation between brain dominance and use of
technology for learning purposes, Pearson correlation coefficients
between the two measures were calculated (Table 9).

Table 9: Pearson Correlation Coefficients Between Brain
Dominance and Use of Technology for Learning Purposes

Statistics
Brain Dominance Correlation
Preferences Coefficient Significance N
QA A24%* 002 634
QB A80** <.001 634
QC 234%* <.001 634
QD 200%* <.001 634

¥ <0.05, 7 p<0.01

All brain dominance preferences were significantly
positively correlated with use of technology for learning purposes.
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Finally, to establish the extent with which brain dominance
preferences uniquely predict the use of technology for learning
purposes, a multiple regression analysis was conducted (Table 10).
This analysis adjusts for the presence of other brain dominance
variables, unlike the unadjusted Pearson correlations.

Table 10: Multiple Regression Analysis Predicting Use of
Technology for Learning from Brain Dominance

tandardizedUnstandardized
Independent [ . . R .
anl;glblﬁn Coe]gféglents Coefiii?’ments T Sig. R ¢ quare Sig.

790(a) .625 173.820.000(a)

(Constant) 2.227
SEX -.044 -.074 -1.665 .097
AGE 040 040 1.523 .128
QA 013 004 327 744
QB .009 .002 212 .832
QC 983 .238 10.823 .000
QD -.198 -.045 -2.158 .031

Dependent Variable: Use of technology for learning
purposes.

Table 10 displays that the brain dominance variables
accounted for 79% of the variance in using technology for
learning purposes. Adjusting for the other brain dominance
predictor variables, only QC (positively) and QD (inversely) were
significant.

Discussion:

The current study aimed to explore associations between
brain dominance and the use of technology for learning purposes.
Results demonstrated that women reported greater QC and QD
dominance than men. Moreover, significance between group
differences in brain dominance was demonstrated as a function of
nationality. All brain dominance preferences were significantly
positively correlated with the use of technology for learning
purposes. The brain dominance variables accounted for 79% of
the variance in using technology for learning purposes. However,
when adjusting for the other brain dominance predictor variables,
only QC (positively) and QD (inversely) were significant.

The possibility that children who grow up immersed in
digital media think and learn differently from those who grew up
with printed text has intuitive appeal, and research on neural
plasticity has shown that our brains do indeed change in response
to our repeated experiences (Ebner, 1996; Maguire,Woollett, &
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Spiers, 2006). Since neural plasticity can lead to either adaptive or
maladaptive changes (Nelson, 1999), these characteristics could
manifest themselves in ways that are productive for learning, as
suggested by Prensky (2001b, p. 442, 2001c), Rosen (2010), and
Tapscott (2009, p. 368), or in ways that interfere with learning, as
suggested by Bauerlein (2008), Carr (2010, p. 276), and Small and
Vorgan (2008). Thus, the field of education needs more empirical
study on whether and how technology immersion is associated
with behaviors and attitudes related to learning.

Prensky (2001b, p. 442, 2001c) claims that the intensity
with which many young people play video games and use other
digital technology results in exactly the kind of training that can
profoundly affect the development of their young, highly plastic
brains, resulting in superior visual skills, hand-eye coordination,
and ability to monitor multiple processes and react quickly to
unexpected events. Small and Vorgan (2008) also discuss the
effects of digital immersion on young, highly plastic brains, but
caution that it may be overdeveloping certain regions of the brain
while neglecting others. In particular, they are concerned that
gaming and other digital activities appear to suppress activity in
the frontal lobe, the brain region responsible for planning,
abstract thinking, and perspective-taking. They fear that the
hours spent on the computer instead of reading books might be
developing the temporal lobe at the expense of the frontal lobe,
leaving a generation of students unable to think deeply and
reflectively, control impulses, or feel empathy for others.

Smith (2011) points out that neural plasticity is involved in
all learning, not just learning from technology, and studies (e.g.,
Maguire et al., 2006) demonstrate that measureable physical brain
change also occurs in adult learners. While brain science research
has demonstrated specific and rapid changes unique to
adolescence, the direct link between observable physical brain
change and adolescent behavior is not yet clear (Blakemore &
Choudhury, 2006; Giedd, 2004; Steinberg, 2005). Thus, while
many of the popular press authors rely heavily on neural
plasticity as a basis for their claims, academic researchers caution
that our knowledge of neural plasticity alone is not enough to
explain learning or to support prescriptive advice for teaching
(Bruer, 1998). Despite the possible over-extension of the concept of
neural plasticity and its implications for the digital native
generation, however, the undoubted existence of neural plasticity
is a reason for concern that immersion in digital technology from
a young age could alter brain structure.

The preference of using QC and QD, which represent the
right hemisphere, may be attributed to one hemisphere of the
brain having more activity than the other. What makes an
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individual dependent on one hemisphere more than the other?
Preference is expected to depend on the nature of the activity or
the task (Nishizawa, 1994; Alghraibeh, 2015). Most creative and
artistic activities require activation of the right hemisphere. The
right hemisphere is responsible for functions associated with
intuition, emotion, creativity, imagination, and response to
emotional stimuli, hence it is called the sensory, emotional, or
intuitive hemisphere (Annett, 1998). It is the hemisphere that
exhibits increased facial recognition, due to constant contact with
the amygdala through neuronal connections that function to
inhibit emotional responding and facilitate context- appropriate
responses (Temple, 2002).

The differences in QC and QD in favor of females may be
attributed to the emotional brain of the right hemisphere
(Goleman, Boyatzis, & McKee, 2013). Bruck (1979) defined
certain functions for the right brain, such as responsibility for
processing emotions (e.g., laughter and tolerance).” The left
frontal lobe represents positive emotional responses, but the right
frontal lobe is associated with negative emotional responses
(Wheeler, Davidson, & Tomarken, 1993). The brain is physically
different between males and females. In a study which presented a
set of pictures to participants and asked them to explain the
emotions they saw in the pictures, males noticed key indicators of
emotions, while females recognized precise indicators, and were
able to more accurately determine the correct emotions compared
with males, but it took them longer to do so (Wang, 2008).
Additionally, corpus callosum volume tends to be greater among
females, appearing more developed compared to males, resulting
in pulses traveling between neurons of the hemispheres 5-10%
faster. Furthermore, the corpus callosum reaches its maturity
three years earlier in females than in males (Herrmann, 1995).
This suggests that many females are able to transfer a higher
volume of data (ideas) at a faster rate than males.

The differences in QB, QC, and QD preferences in favor of
the Saudi Arabian and Algerian nationalities, and the differences
in the QA preferences in favor of the Algerian nationality may be
attributed to differences in curriculum construction, and the
cognitive abilities included therein. In addition, there may exist
differences in teaching techniques among the nationalities, such as
activity presentation (e.g., dialogue/story telling), which may
ultimately affect brain dominance preferences (Kovalik, 2002).
Brain preferences are associated with efficacy, because individuals
tend to expend effort on what they most prefer. To achieve world-
class levels or high performance in any domain is impossible
unless it is a basic preference domain (Herrmann & Herrmann-
Nehdi, 2015). Important life events, crises, major job changes, and
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important learning experiences may alter brain dominance
(Herrmann, 1995). This result may also be attributed to
expectations and social trends (Thomas & French, 1985). After all,
societal attitudes and culture affect the content and importance of
needs required by individuals, through the dictations and role
determination of the society (Jensen, 1998). Natural differences
among individuals may reveal a cultural bias. For example,
individuals from some parts of the U.S. (California) and India
exhibit preferences for QC and QD, while individuals from other
parts of the U.S. (Ohio) and Germany exhibit preferences for QA
and QB. The meaning of having one basic preference is that the
individual proceeds living with few internal contradictions, and
his/her perception and decision-making processes tend to be
homogeneous and predictable (Herrmann, 1991).

Additionally, this type of research can help in curriculum
design and planning, and to facilitate the construction of training
programs for teachers, helping them to acquire the ability to teach
effectively through technology, and to develop new assessment
methods that agree with the use of such technology.

Study Limitations:

Generalizing the findings of the study might be confined by
the following: The sample only included three age groups;
therefore, more age groups should be examined. Findings may
also not be generalizable to other nationalities or populations,
especially considering that populations may differ in their access
to technology, as well as have different learning experiences that
could influence brain dominance. Finally, brain dominance was
assessed through self-report. Future studies would benefit from
more objective measures of brain dominance, including the use of
fMRI technology.

Recommendations for Future Research: There are many possible
research topics that need to be recommended in this research.
Conducting more research to identify the reasons for differences
in brain dominance between males and females and conducting
more research on brain dominance and the use of technology for
learning purposes in different age groups are very crucial when
dealing with this topic. Also important is exploring the correlation
between brain dominance and technology usage for learning
purposes in other populations, revising curriculum design to make
it more flexible and more appropriate for the developed digital
technology and exploring cooperation mechanisms between
psychologists, neurologists, curriculum designers, and computer
programmers to develop more flexible programs that enable
learning using technology.
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Compliance with Ethical Standards:

Ethical approval: All procedures performed in studies
involving human participants were in accordance with the ethical
standards of the institutional and/or national research committee
and with the 1964 Helsinki declaration and its later amendments
or comparable ethical standards.

Informed consent: Informed consent was obtained from all
individual participants included in the study.
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