) . R
Psychology in Russia: State of the Art Psychol%?if;

Volume 16, Issue 4, 2023 Society

Lomonosov
Moscow State
University

Media Multitasking in Mixed Reality Learning Situations:
What Determines Its Effectiveness?

Galina U. Soldatova®*, Anastasia G. Koshevaya®

* Lomonosov Moscow State University, Russia

*Corresponding author. E-mail: soldatova.galina@gmail.com

Background. Media multitasking (MMT) is common among adolescents, es- Keywords:
pecially with the introduction of digital educational tools in mixed reality en-  media
vironments. However, there has been limited research on MMT in educational multitasking,
settings with electronic learning tools including augmented reality (AR). effectiveness,

Objective. To study MMT in conjunction with metacognition, technology ~ adolescents,
attitudes, and effectiveness of learning activities for 13-14 year olds in a mixed =~ augmented
reality learning situation. reality, mixed

Design. The experiment involved organizing learning activities in MMT reality, education,
format using digital tools, including AR. The MMT experimental group was eye tracker,
given the option of searching the internet for information about a problem; = metacognition
the control group was given only a video, the e-textbook and AR application.

Eye tracking measured task switching, while MMT efficiency was assessed by
the number of completed tasks and test results. Metacognition was measured
using the Metacognitive Awareness Inventory (MAI), and attitudes toward
digital devices were examined using the Technology Attitudes Questionnaire.

Results. Most of the adolescents (80%) preferred MMT, and no significant
differences in test performance were found between the groups. Multitasking
correlated with better cognitive control and metacognition scores and nega-
tively correlated with technophobia. Learning activity effectiveness in mixed
reality was assessed by the number and time of fixations on tasks in conjunc-
tion with metacognition and cognitive control. Interactive digital tools in edu-
cation improve learning efficiency.

Conclusion. Adolescents’ preference for multitasking does not reduce
learning productivity, but it does not guarantee success either. This suggests
an internalization process of using digital technologies among adolescents. As
a result, MMT may be gradually mastered as a new tool that is necessary for
adaptation and success in an increasingly complex technological reality. Cog-
nitive control and metacognitive planning significantly contribute to MMT
efficiency, highlighting the importance of a conscious MMT strategy for ef-
fective learning.
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Introduction

Modern life is unthinkable without active use of digital technologies. Russian teenag-
ers are often ahead of adults in their level of activity in the digital environment. In
2019, the average user activity of Russian teenagers was 4-5 hours on weekdays and
6-8 hours on weekends. Compared to 18 other European countries, this is one of the
highest levels of weekday user activity (Smahel et al., 2020; Soldatova & Rasskazova,
2023).

High level of internet use defines a new trend in research: online and offline are
considered not separately, but as a mixed reality — a single cyberphysical space in
which they closely intertwine and interact, organizing people’s daily lives in a new
way (Colledani et al., 2023; Floridi, 2015; Skarbez et al., 2021). This unique situa-
tion of modern child development became the basis for the analysis of digital child-
hood in the socio-cognitive concept of digital socialization (Soldatova & Voyskunsky,
2021), which acts as a theoretical framework for our study. This concept is based
on the cultural-historical paradigm (Vygotsky, 1960) and the cultural-activity ap-
proach developed in Russian psychology (L.S. Vygotsky, A.N. Leontiev, A.G. Asmo-
lov, M. Cole, etc.), the theory of ecosystems by U. Bronfenbrenner (Bronfenbrenner,
1979, 2004), and the theory of expanded consciousness by E. Clark and D. Chalmers
(Clark & Chalmers, 1998). The concept postulates the formation in a child of a new
ecosystem, including the technosystem — a set of new cultural tools (all digital de-
vices, digital platforms, applications, algorithms, as well as ways to use them). The
technosystem, integrating with childrens cognitive, personal, and social systems,
mediates their development in mixed reality, transforms the psychological mecha-
nisms of interiorization, exteriorization, and re-exteriorization, and determines the
formation of a technologically expanded personality with a new digital sociality. The
extended personality masters new activity formats in mixed reality, and one of the
most prominent ones is media multitasking (MMT).

According to the cultural-activity approach, there is always an activity between
child learning and mental development. One way of using and interacting with digi-
tal devices is through MMT. For both children and adults, this format is seen as a
new digital sociality that has emerged in response to the increased demands of the
environment. Empirical data show that MMT is a common activity format among
adolescents (May & Elder, 2018; Soldatova et al., 2020a), which is also penetrating
education.

Considering MMT as a type of multitasking involves referring to cognitive psy-
chology, where multitasking has been viewed as simultaneous performance of two
or more tasks (Cherry, 1953; Gray & Wedderburn, 1960; Kahneman, 1973; Pashler,
1994). MMT is defined as an activity format that involves performing multiple tasks
simultaneously using digital devices. Among the approaches to the study of MMT are
the successive and simultaneous approaches (Soldatova et al., 2020b). MMT is also
studied as digital distraction (Aagaard, 2019).

In-class MMT effectiveness. Adolescents actively use digital devices during classes,
which has generated much discussion among educators and psychologists (Murphy
& Castel, 2023). Some researchers indicate that digital device use in school can nega-
tively impact student achievement (Gray & Schofield, 2021; Wammes et al., 2019) as
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an indicator of learning effectiveness (May & Elder, 2018; Peifer & Zipp, 2019). Ef-
fectiveness, which is also influenced by psychological and situational factors, is one
of the key criteria for evaluating MMT. On the one hand, MMT creates an “illusion
of productivity”, which can increase motivation and positively impact outcomes. On
the other hand, research shows that MMT effectiveness remains illusory (Soldatova
etal., 2020b). Despite this, the ability to work with a large number of tasks simultane-
ously is considered an important supra-professional competence (Zeer et al., 2019).
However, the modern educational system usually does not encourage students to
multitask, and the pedagogical community doubts the appropriateness of develop-
ing this skill (Sidorova, 2021). Distinguishing between negative and positive MMT,
researchers associate the negative one with digital distraction of students on their
devices, for example, when using messengers during class (Aharony & Zion, 2019;
Shane-Simpson & Bakker, 2022), and the positive one with the possibility of search-
ing for additional information (Wu & Xie, 2018). Some studies indicate that there is
no direct or indirect relationship between MMT and academic achievement in the
long term (van der Schuur et al., 2019).

MMT and metacognition. Metacognition is the awareness of the characteristics of
one’s own cognition and the ability to regulate it, which determines the monitoring
of cognitive processes, planning, and development of cognitive strategies, and affects
productivity in general (Schraw, 1998). The regulatory component of metacognition
is important in learning, as a result of which resources are allocated and concentration
on meaningful tasks is achieved. The regulatory component of metacognition may be
related to MMT (Soldatova et al., 2020b). In a study by Terry and colleagues (2016), it
was found that students with higher metacognition preferred to multitask less, which
may identify the self-regulatory nature of multitasking. MMT performance and the
ability to manage it are related to metacognition (Murphy & Castel, 2023).

MMT and cognitive control. Cognitive (executive) control is defined as the cog-
nitive processes that underlie voluntary behavior. Cognitive control includes inhibi-
tion (impulse and inhibitory control of automatic responses, self-regulation, and
delayed gratification); shifting (task switching, mental attitude change, and cogni-
tive flexibility); and updating (working memory operations) (Aron, 2008; Dreher
& Berman, 2002). Research findings on the relationship between MMT and cog-
nitive control are multidirectional. On the one hand, Alzahabi & Becker (2013)
found a positive association of MMT with high levels of cognitive control. On the
other hand, psychologists at Stanford University (Ophir et al., 2009) showed that
heavy multitaskers find it more difficult to suppress irrelevant information. And
Baumgartner et al. (2014) found no relationship between MMT and executive func-
tion, but multitaskers reported problems with self-regulation in everyday life when
self-assessing.

MMT and digital technology attitudes. Involvement in MMT determines the in-
tensity of interaction with the technosystem and is inextricably linked to attitudes
towards digital technologies. People with positive attitudes tend to be more techno-
logically equipped in their environment and, consequently, live to a greater extent
in a mixed reality, which implies constant switching between different worlds. A
positive relationship between MMT and technophilia as an indicator of openness
and enthusiasm for using digital devices has been found in a number of studies
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(Cotten et al. 2014; Ettinger & Cohen 2020). Researchers have also linked students’
MMT to fear of missing out (FOMO), when a person is afraid of missing something
important and constantly checks their phone (Shane-Simpson, Bakker, 2022; Terry
et al,, 2016).

Digital tools in education (augmented reality — AR). Researchers in the field of
pedagogy and psychology pay attention to the use of digital technologies in the edu-
cational environment in general (Tserkovnikova & Tretiakova, 2021; Uvarov, 2018).
In particular, the possibilities and prospects of mixed reality learning, using aug-
mented or virtual reality technologies, are considered. AR technologies are becoming
an educational tool, if not in schools, then in museums, encyclopedias, and individ-
ual programs. It is important to consider the opportunities that AR offers for educa-
tion. Research findings show that learning in mixed reality arouses students’ interest,
increases their motivation and engagement in the learning process. Moreover, AR-
based learning has been found to have a positive effect on learning outcomes (Maas
& Hughes, 2020).

Methods of studying MMT. The most common instruments for studying MMT are
the Media Multitasking Index (Ophir et al., 2009) and the Short Media Multitasking
Measure for adolescents (Baumgartner et al., 2017). These questionnaires are based
on participants’ self-assessment of their media consumption patterns. However, re-
search has shown that most users incorrectly estimate their screen time and MMT
(Jadice et al., 2023; Soldatova et al., 2022). Looking for a more objective MMT assess-
ment, we developed and tested a quasi-experimental study design that replicates the
situation of everyday MMT in children and adolescents. The quasi-experiment in-
cluded simultaneous performance of several tasks on a computer and a smartphone
(Soldatova et al., 2020a).

Research problem. Digital technologies, particularly AR, are becoming more and
more accessible and are penetrating the education system. This contributes to the
transition of life into a mixed reality, which requires individuals to interact with the
environment in new ways. One way is the MMT format, which is especially prevalent
among adolescents and has become a key characteristic of today’s successful person
(Zeer et al., 2019). Despite the demands of the environment, school as the main so-
cialization institution does not provide the necessary tools for the development of
this soft skill, so teenagers master this format chaotically, to the detriment of their
effectiveness.

The purpose of the present study was to investigate MMT features in conjunc-
tion with metacognition, technology attitudes, and learning activities effectiveness
in 13-14-year-old students in a learning situation using digital tools, including AR.

Hypotheses:

H1: number and time of fixations as indicators of the task execution strategy
predict the effectiveness of schoolchildren’s learning activities in the MMT format.

H2: higher metacognition is associated with shorter fixation time on tasks and
higher number of fixations.

H3: higher level of cognitive control is associated with less time and greater num-
ber of fixations on tasks.

H4: technophobia as an indicator of negative attitudes towards digital technology
negatively correlates with the number of fixations and positively with fixation time.
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H5: number and time of fixations in conjunction with high levels of cognitive
control and metacognition predict the effectiveness of learning activities in the MMT
format.

H6: the additional use of online search and an AR app in a digital learning situa-
tion enhances the effectiveness of learning activities in the MMT format.

Methods

1. A specially designed experiment used a computer and tablet to assess behav-
ioral features of learning task performance in MMT conditions. There were six
biology tasks that took 10 minutes to complete: to find out why frogs are called
cold-blooded; to study frog life-cycle stages; what helps frogs alive both in water
and on land; to learn information about frog anabiosis; to study the frog skeleton
and digestive system. To simulate distraction conditions in a learning situation,
adolescents received an SMS during the tasks. Participants self-tracked the time
at the bottom of the screen. The number and content of the tasks were selected
so that they required more than the allotted time to complete. Participants were
divided into two groups: experimental and control. For the experimental group,
the instruction mentioned the possibility of using online search, while the control
group did not. Participants received a computer with two or three windows (in the
control group, windows with a video about frog anabiosis and text about amphib-
ians from the e-textbook; in the experimental group, the same two windows and
a third window with a browser for searching) and a tablet (studying the anatomy
and life cycle of frogs in augmented reality) (Figure 1). An eye tracker was used to
record the number and time of fixations on each computer window or tablet. The
experiment included an observation method, which documented the adolescent’s
behavior in the process of performing tasks: refusal to perform tasks, overwork,
etc.

“How long will it take to
watch this video?”
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Figure 1. Tasks on the computer and tablet
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2. Two indicators were defined to evaluate MMT effectiveness: 1) the score on
a control test to check the knowledge obtained during the experiment (0-9
points); 2) the number of completed tasks given in the instruction (0-5 points):
watching a video, reading text, answering SMS, studying frog anatomy and life
cycle in AR.

3. A structured interview with questions about attitudes toward the e-learning tools
(e.g., “Did you enjoy working with the AR app?”, “Which would you prefer: text-
book or app?”) and multitasking in education (“Would you like various lessons to
be taught in a format where information could be obtained from different sources
(app, textbook, video, audio lecture, notes)?”).

4. A modified computerized test “Dots: Hearts & Flowers” (Korneev et al., 2018) was
used to assess executive function performance.

5. Metacognition was measured using a modified Metacognitive Awareness Ques-
tionnaire (MAI) (Karpov & Skityaeva, 2005).

6. Attitudes toward digital devices were assessed using the Technology Attitudes
Questionnaire (Soldatova et al., 2021).

Participants

The study involved 64 eighth-grade students (37 girls and 27 boys) aged 13-14 from
three Moscow schools.

Materials

o Laptop computer with stimuli. Stimuli were presented on a 15.6” LED monitor
with a 1920x1080 FHD resolution LCD monitor located 75 cm from the observ-
er’s head;

o A tablet with the “Froggipedia” AR program developed by Indiavidual Learning
Limited;

« Eye movements during the experiment were recorded in binocular mode using a
Pupil Labs Core eye tracker with a frequency of 200 Hz and < .02° resolution.

Procedure

The study was conducted in a school or laboratory setting. First, the participant filled
out a questionnaire that included sociodemographic questions, the Technology At-
titude Questionnaire, and the MAI. An eye tracker was then worn and calibrated to
record eye movements during the experiment. Participants received verbal and paper
instructions that required them to learn the biology topics within a limited time. The
experimenter emphasized that there were many tasks and only 10 minutes, and then
showed how to work with the AR app. Thus, using different devices, participants had
to complete several learning tasks in 10 minutes. After 5 minutes, a message with an
additional task was sent to the tablet. After 10 minutes, the experimenter stopped the
task, gave a 3-minute test, and interviewed the adolescents. Participants then per-
formed the “Dots” test.
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Statistical analysis was conducted using IBM SPSS Statistics v. 22 and Jamovi.
Methods of descriptive statistics, F-test, correlation, regression and mediator analy-
ses were used.

Results

MMT strategies and effectiveness. The variables number and time of fixations have a
negative non-linear relationship: the more fixations, the shorter their average time
(rho=-.959; p<.001) (Figure 2). The bulk of observations are concentrated in the
region of 23.52 +7.81 fixations, with an average fixation time of 28.61 +12.54 sec-
onds (44 participants). A cluster of observations stands out, according to which par-
ticipants fixated longer on tasks (M = 104.82 + 21.48 sec), making a minimal number
of switches (M =5.8+1.14) (nine participants). The other cluster, in the upper left
corner of the diagram, also includes nine people, who were characterized by a shorter
fixation time (M = 13.26 + 3.65 sec) with a greater number (M =46.9 +7.74).
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Figure 2. Scatter plot of the relationship between mean fixation time (sec)
and number of fixations.

Group separation made it possible to assess the effectiveness of learning activities
at different MMT levels; there were no significant differences.

In addition to eye tracker indicators, MMT was also considered as a digital dis-
traction. During the experiment, only 21% of participants looked at the message sent
to them and only 11% responded to the text message by performing an additional
task. Texting distraction did not affect control test results (Table 2).

A correlation analysis of the relationship of the number and time of fixations with
the MAI, Technology Attitude Questionnaire, and “Dots” test results was carried out
(Table 1).
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Table 1

Correlations of mean fixation time and number of fixations with MAI, Technology Attitude
Questionnaire, Dots: Hearts ¢ Flowers (HF) test!

Number of switches Mean time of fixations (sec)
R
Information Management Strategies 269 -.392"
Regulation of Cognition 221 -.278"
Technophobia -.151 278
(C;ce)zroe;cé i\;llz\lz\frs e1r§act10n time in tries F ~224 386"
gﬁi‘;‘gcttr?i)sxzzreactlon time in tries HF _389" 370
Number of correct answers in tries HF -.283" .200
Average reaction time, s -.242 351"
Average reaction time in tries F, s -.221 381"
Average reaction time in tries HE s -.324" 340"
Correct answer reaction time, s -271 3727
Number of errors, Flowers (second trial) -.330" 407"

*p<.05 **p<.01

Cognitive control and performance strategy in learning MMT situation. The num-
ber of fixations negatively correlated with reaction time in correct response (r = -.389;
p=.005) and total reaction time (r=-.324; p=.021) in the “Dots” third trial: those
who switch more had a higher level of cognitive control. There was also negative
correlation between the number of fixations and the number of errors in the “Dots”
second trial (r=-.330; p =.018): those who switched more had fewer errors, indicat-
ing a better ability to switch from one instruction to another. Longer fixation dura-
tion was associated with increased correct answer reaction time in the whole Dots
test (r=.351; p=.012), as well as in the second (r=.386; p =.005) and third (r=.370;
p=.008) trials. The same regularity was found when considering total reaction time
in the whole test (r=.351; p=.012), as well as in the second (r=.381; p=.006) and
third (r=.34; p=.015) trials, which may indicate a greater switching difficulty when
performing two concurrent programs. In addition, longer fixation duration was posi-
tively associated with the number of errors in the second trial (r=.407; p=.003),
suggesting worse cognitive control.

Metacognition and performance strategy in learning MMT situation. The number
of fixations was positively correlated with the Information Management Strategies
scale of the MAI (r=.269; p=.035) and at a sub-significant level with the Regula-
tion of Cognition scale (r=.221; p=.084). The mean fixation time on the task was
negatively correlated with the Information Management Strategies scale (r=-.392;
p=.002).

! Only significant correlations are shown; full table is in the appendix.
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A correlation analysis between metacognition and cognitive control was also
conducted. A higher score on the Information Management scale was associated with
faster reaction time overall on the “Dots” test (r=-.366; p=.008) and in the first
(r=-.392; p=.004) and second (r=-.36; p=.01) trials. Also at the sub-significant
level, faster reaction time for correct answers in the second trial was associated with
a higher total metacognition score (r =-.249; p =.078).

Technology attitudes and performance strategy in learning MMT situation. Mean
fixation time positively correlated with the Technophobia scale (Technology Attitude
Questionnaire) (r=.278; p =.029).

Educational tools and learning efficiency in MMT. The instruction regarding
search use in the experimental group was rather flexible — it did not compel the
participants to search for information on the internet, so not all of them used this
opportunity. Three strategies of search use were identified: 1) supplementing the pre-
sented materials by searching for information on the internet (15 people); 2) substi-
tuting familiarization with the presented materials with searching for information
on the internet (two people); 3) did not use the search (14 people). Variance analysis
revealed differences in performance: those who substituted familiarity with the sub-
mitted materials with internet searches were less effective than those who used the
other two search utilization strategies (F = 3.158; p =.048) (Table 2).

Table 2

Influence of situational factors on the effectiveness of activities in MMT

Factor Group N F M SD
Distracted 13 5.451 1.76
SMS Distraction ' ra.c € .013
Not distracted 49 5.385 1.8
) Enhancement 15 4.8 1.76
Online search usage o
strategy Substitution 2 3.158* 2.5 0.7
Not used 14 5.533 1.6
Used 52 5.615 1.75
AR app usage Not used 10 3.425 4.667 1.61
*p<.05

The analysis of test performance depending on the use of AR showed that the ma-
jority of the adolescents chose to work with the application (78.7%) and at the trend
level obtained higher test scores (F =3.425; p =.069). These empirical facts allow us
to confirm hypothesis 6.

MMT effectiveness predictors. A hierarchical regression analysis was applied
(Table 3). First, the hypothesis was tested whether number and time of fixations were
predictors of effectiveness in the MMT format. The constructed model showed no
significant contribution of these factors (R*=.0278; p=.435) and their interaction
(R*=.0283; p=.641) (Model 1, 2).

Next, we tested the hypothesis about the significance of MMT strategy (number
and time of fixations on tasks) in combination with cognitive control and metacogni-
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Table 3
Regression models of predictors of learning effectiveness in the MMT format

Model R? P
1 .0278 435
2 .0283 .641
3 .0692 179
4 213 .048
5 214 .086

tion. As an indicator of cognitive control, we took the productivity of the Dots test
(total score and third trial). The MAI total score was taken as an indicator of meta-
cognition. The regression analysis showed that the model did not explain the contri-
bution of these factors to MMT effectiveness (R*>=.069; p =.179) (Model 3). Further
exclusion of the total metacognition score from the model and stepwise inclusion of
the MAI questionnaire scales in the model showed an improvement in the model
with the inclusion of the Planning scale (Model 4) (R? = .213; p = .048). Excluding any
of the indicators from the model worsened it. Including the interaction factor of fixa-
tions number and time in the model improved the proportion of explained variance
by 1%, but made the model significant at the trend level (R*=.214; p =.086) (Mod-
el 5). Thus, the best model of predictors of learning effectiveness in MMT format is
Model 4: metacognitive planning (f = -.257; p =. 068), cognitive control (Dots: total
number of correct answers ( =.686; p=.011), number of correct answers in third
trial (HF) (B=-.613; p=.023) and MMT format performance strategy (number of
fixations (P = -.142; p =.521) and fixation time (B =.154; p = .479)).

Table 4
Model 4: predictors of learning effectiveness in the MMT

Predictor p P
Intercept .040
Number of fixations 521 -.142
Average fixation time 479 154
Dots: Total number of correct answers .011 .686
Dots: Number of correct answers (third trial) .023 -.613
Metacognitive planning .068 -.257

The most significant factor in MMT effectiveness is cognitive control, while
metacognitive planning is significant at the trend level. The number of fixations and
their average time do not have unique contributions to effectiveness, but they are
related to it in a certain way together with the variables listed above.

Mediator analysis showed no significant results (p > .05).
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Discussion

Performance strategies in a learning MMT situation in mixed reality. Two small, equal
groups were identified, which can be categorized as single-taskers and “heavy” multi-
taskers. The third and largest group (71%) comprised adolescents who preferred such
a strategy of multitasking in a learning situation, where the average number of fixa-
tions is 23.52 with an average fixation time of 28.61 seconds. We tentatively name this
group “average” multitaskers (Murphy et al., 2017), as its indicators stand out when
comparing it with the two extremes, “heavy” and “single-taskers”, whose average
number of fixations was 46.9 and 5.8, respectively, and average fixation times were
13.26 and 104.82 seconds. The results support findings on the prevalence of multi-
tasking strategy among the younger generation, using it to adapt to mixed reality
(Colledani et al., 2023). Adolescents more often choose “average” multitasking strat-
egy, and the percentage of “heavy” multitaskers appears to be small, which is consis-
tent with other studies (Soldatova et al., 2020a). In the current study, no differences in
performance were found between single-taskers, “average”, and “heavy” multitaskers.
Similar results have been reported in other studies where multitasking preference did
not always affect performance (Kirschner & De Bruyckere, 2017; van der Schuur et
al., 2019). This indicates that each child intuitively chooses the appropriate degree of
multitasking for him/herself depending on their abilities and resources.

Cognitive control and performance strategies in a learning MMT situation. Re-
search on the relationship between MMT and cognitive control is mixed: there are
results indicating rather a negative correlation between the two (Ophir et al., 2009);
another study found no such correlation (Baumgartner et al., 2014), while another
group of papers reported a positive one (Alzahabi & Becker, 2013; Matthews et al.,
2022). Our results also demonstrated that MMT preference is associated with cogni-
tive benefits (more developed cognitive control). In such a case, a small number of
switches and long fixation time could be considered as “getting stuck” on a task. This
may indicate poorer functioning of cognitive control, which is particularly involved
when working in such a resource-intensive activity format as MMT.

Metacognition and performance strategies in a learning MMT situation. Most re-
searchers agree that metacognition negatively correlates with MMT (May & Elder,
2018; Peng & Tullis, 2021; Terry et al., 2016). However, there are studies that have not
found a negative effect of multitasking on metacognition (Konishi et al., 2020). In our
study, a more multitasking learning strategy was associated with higher metacogni-
tion scores in the context of information management. Adolescents who chose a more
multitasking strategy showed better skills and strategy sequences used to process in-
formation more efficiently (e.g., organizing, elaborating, summarizing, selective fo-
cusing). Parry and le Roux (2019) also discussed the development of metacognition
as a way to manage multitasking, but in this context, “multitasking management” is
understood as reducing the degree of multitasking.

Technology attitudes and performance strategy in the MMT situation. Adolescents
who preferred a more single-tasking performance strategy were characterized by
more negative attitudes towards digital technologies. This is consistent with research
findings in which greater student multitasking was associated with positive attitudes
toward digital technology (Cotten et al., 2014; Ettinger & Cohen, 2020; Shane-Simp-
son & Bakker, 2022; Terry et al., 2016). Such results may indicate greater integration
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of multitaskers into the technosystem through positive attitudes toward digital de-
vices. Thus, MMT acts as a way to enhance the process of integration with the tech-
nosystem (Soldatova & Voyskunsky, 2021), where the real (“physical”) and virtual
(“digital”) worlds intertwine, creating a “phygital” world in which the ability to direct
one’s attention to several different sources of information is essential (Colledani et
al., 2023). This is also supported by research on the relationship between MMT, per-
formance, and cognitive control at different ages: the highest MMT performance was
observed among the younger generation (7-27 years old), which may be related to
their MMT training due to the abundance of digital technologies accompanying their
development (Matthews et al., 2022).

Educational tools and learning activity efficiency in MMT. According to our study,
the majority of adolescents would like modern educational tools to be included in the
learning process. This is consistent with results of a study on VR- and AR-technol-
ogies usage in biology lessons. The majority of participants positively evaluated the
experience, noting AR’s accessibility and interactivity (Garcia-Bonete et al., 2019).
Our study extends the understanding of the use of digital tools in the learning envi-
ronment and shows that their use as a complement to the educational process, rather
than as a substitute for it, not only does not reduce the effectiveness of learning, but in
some cases even improves it. This is confirmed by the higher test results of teenagers
who used the AR application.

Activity effectiveness predictors in learning MMT situation. According to the re-
sults of our study, single-taskers and multitaskers did not differ in activity efficiency.
This can be explained by the experimental instruction, which did not oblige multi-
tasking. Adolescents independently chose their performance strategy. Kononova et al.
(2016) demonstrated that being compelled to multitask leads to inefficiency. People
can only be effective in MMT when they self-regulate their actions. Regulating one’s
action strategy is generally possible in everyday life, but is often limited in the labora-
tory, which may partially explain the inconsistency of our results with most studies
concluding that MMT harms performance (Aharony & Zion, 2019; Gray & Schofield,
2021; Wammes et al., 2019). Those studies, however, do not always address the me-
diating factors that may predict MMT efficacy. In order to identify such factors, we
conducted a regression analysis, which suggested that for effective work in MMT it is
not so much the performance strategy (number and time of fixations) that is impor-
tant, but rather a high level of cognitive control and metacognitive planning. Based
on these resources, the adolescent chooses the optimal combination of the number of
switches and the fixation time on each task. The most significant predictor of MMT
effectiveness was found to be a high level of cognitive control. This coincides with the
results of studies in which MMT is associated with better performance of executive
functions (Alzahabi & Becker, 2013; Matthews et al., 2022). Along with cognitive
control, metacognition plays an important role in MMT performance, which is one
of the pathways (mediators) through which successful multitasking occurs (Fazeli et
al., 2017). The correlation between metacognition and cognitive control, as well as
their co-impact on MMT performance, suggests that the interaction between cogni-
tive control and metacognition may be a mediating factor of MMT performance in a
learning situation. It was shown that the integration of metacognition and cognitive
control can improve children’s perception and management of their own learning
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(Marulis et al., 2020). However, our mediator analysis did not reveal such an effect,
although this may be due to sample size. Further research could focus on the effects
of metacognition on cognitive control and the possibility of developing metacogni-
tion to improve MMT performance in adolescents.

Conclusion

The study showed the prevalence of a multitasking strategy among adolescents in a
learning situation saturated with electronic learning tools. MMT to a greater extent
was determined not so much by the activity associated with the use of digital devices,
as with the need to solve different tasks under conditions of limited time resources.
However, given three different styles of adolescents’ organization of their learning
activities in mixed reality (from minimal switching and prolonged focus on tasks
to chaotic switching and short fixation on tasks), no significant differences between
groups were obtained in the efficiency of solving the problems on the final test. It is
possible that teenagers’ preference for a multitasking strategy, on the one hand, does
not harm the productivity of learning activities, but on the other hand, the choice of
such a format does not lead to success. This may indicate a process of internaliza-
tion of this way of using various digital technologies and tools, which is taking place
at this stage among adolescents who prefer MMT. As a result, multitasking may be
gradually mastered as a new tool that is necessary for adaptation and success in an
increasingly complex technological reality. The success of this process supposes that
the adolescent has an interest in digital devices, while technophobia may hinder it.

Cognitive control and metacognitive planning make the greatest contribution to
the effectiveness of MMT activities. The results show that the productivity of learn-
ing activities can be ensured by the conscious choice of an MMT strategy that best
suits each adolescent, depending on his or her cognitive and metacognitive abilities
related to the voluntary regulation of activities. Focusing on the development of these
two components in adolescents may allow them to cope with the intensive informa-
tion flow, using digital devices and ways of interacting with them as educational tools
to facilitate better learning.

Limitations

This study’s limitations include the small sample size and the narrow age range of
participants (13-14 years old), which hinders generalizing the results and warrants
further research across different age groups with larger sample sizes. Additionally,
the absence of similar studies using AR technology in the educational MMT environ-
ment restricts the ability to compare the data with other research, leading to separate
comparisons with MMT studies in education and AR in education. Lastly, the pos-
sibility that the instruction might have influenced the teenagers’ choice of activity
strategy is worth considering, due to its potential impact on the outcomes.
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Appendix

Correlations of mean fixation time and number of fixations with MAI, Technology Attitude
Questionnaire, Dots: Hearts & Flowers (HF) test, academic performance and effectiveness
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Number of switchings

Mean time of fixations

Declarative Knowledge
Procedural Knowledge
Conditional Knowledge
Knowledge about Cognition
Planning

Information Management Strategies
Comprehension Monitoring
Debugging Strategies
Evaluation

Regulation of Cognition
MAI Total

Technophilia
Technorationalism
Technophobia
Technopessimism

Correct answer reaction time in tries H
(first trial), sec

Correct answer reaction time in tries F
(second trial), sec

Correct answer reaction time in tries HF
(third trial), sec

Number of correct answers in tries H
Number of correct answers in tries F
Number of correct answers in tries HF
Average reaction time, sec

Average reaction time in tries H, sec
Average reaction time in tries E, sec
Average reaction time in tries HE sec
Correct answer reaction time, sec
Number of correct answers

Number of incorrect answers

.099
.003
.150
.102
.102
.269
.145
230
153
221
193
.066
.099
-.151
.027

-.086

-.224

-.389"

-.121
.034
-.283
-.242
-.080
-.221
-.324'
-.271
-.153
.049

-.110
-.007
-.095
-.088
-.198
-.392
-.086
-.169
-.233
-.278
-227
-.186
-.195

ot

*

278

.062

216

.386

.370

.090
-.109
.200

ot

ot

351

.209
381
.340
372
.080
.016

ot

ot
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Number of incorrect answers in tries H
Number of errors F

Number of incorrect answers in tries HF
Number of missed responses

Number of missed responses in tries H
Number of missed responses in tries F
Number of missed responses in tries HF
Functional state change

Mood change

Academic perfomance

Effectiveness

.021
-.330"
229
-.034
-.012
-.105
.012
-.189
-.028
-.037
.166

-.059
.407
-.149
138
.205
176
-.046
205
.086
.027
-.125

ot

*p<.05 **p<.01



