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Effects of different types of classroom physical activity breaks on children’s on-
task behaviour, academic achievement and cognition

Abstract

Aim

This study examined the effects of different types of classroom physical activity breaks on children’s on-
task behaviour, academic achievement and cognition.

Methods

Participants were 87 Australian primary school students (mean age 9.11 + 0.62 years), recruited from one
school. Three classes were randomly assigned either to activity breaks only (n = 29), activity breaks and
mathematics combined (n = 29), or control conditions involving only mathematical content (n = 29).
Students were engaged in five minutes of classroom physical activity breaks, three times per week, for
four weeks (divided into two minutes at the beginning of the usual mathematics curriculum lesson and
three minutes in the middle of the lesson). Assessments were conducted at baseline and post-test.

Results

Significant group-by-time effects were found for on-task behaviour (active engagement: activity breaks
and mathematics combined versus control, p = 0.001; activity breaks versus control, p = 0.001; activity
breaks and mathematics combined versus activity breaks, p = 0.037; passive engagement: activity breaks
and mathematics combined versus control, p = 0.001) and mathematics scores (activity breaks versus
control, p = 0.045).

Conclusion
Physical activity breaks with and without integrated mathematics content were effective in improving
children’s on-task behaviour and learning scores.
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Abstract

Aim: This study examined the effects of different types of classroom physical activity

breaks on children’s on-task behaviour, academic achievement and cognition.

Methods: Participants were 87 Australian primary school students (mean age 9.11
0.62 years), recruited from one school. Three classes were randomly assigned either to
activity breaks only (n = 29), activity breaks and mathematics combined (n = 29), or control
conditions involving only mathematical content (n = 29). Students were engaged in five
minutes of classroom physical activity breaks, three times per week, for four weeks (divided
into two minutes at the beginning of the usual mathematics curriculum lesson, and three

minutes in the middle of the lesson). Assessments were conducted at baseline and post-test.

Results: Significant group-by-time effects were found for on-task behaviour (active
engagement: activity breaks and mathematics combined versus control, p < 0.001; activity
breaks versus control, p < 0.001; activity breaks and mathematics combined versus activity
breaks, p = 0.037; passive engagement: activity breaks and mathematics combined versus

control, p < 0.001), and mathematics scores (activity breaks versus control, p = 0.045).

Conclusion: Physical activity breaks with and without integrated mathematics

content were effective in improving children’s on-task behaviour and learning scores.

Keywords: Academic achievement, cognition, on-task behaviour, physical activity breaks,

primary school children

Key notes:
o Low levels of physical activity are associated with poor cognitive and mental health in
children.
¢ Participation in classroom physical activity breaks may enhance children’s on-task

behaviour and academic achievement.



¢ Additional studies in diverse populations are needed to replicate these preliminary

positive findings.
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INTRODUCTION

Regular participation in physical activity is essential for children’s healthy growth and
development. The physiological health benefits are extensive and include improved physical
fitness and bone health, reduced obesity, type Il diabetes, high blood pressure, or
cardiovascular disease (1). Additionally, there are a number of psychological benefits
including psychological well-being such as improvements in self-confidence and self-esteem,
reduced levels of stress, anxiety and depression(2). Emerging research has also
demonstrated benefits of physical activity on children’s cognition, meta-cognition, student
engagement and academic performance(3). Despite these benefits, global estimates indicate
that fewer than 19% of young people are achieving the recommended guidelines of 60

minutes per day of moderate-to-vigorous physical activity(4).

A systematic review and meta-analysis suggested that successful intervention
programs that increase physical activity during the school day include physically active
academic lessons, physically active classroom breaks, and curriculum-focused physical
activity breaks(5). Curriculum-focused physical activity breaks contain short bouts of physical
activity but also include curriculum content(6). For instance, the Take 10 program included
ten minutes of classroom-based physical activity breaks, allowing students to move around
during academic instruction for 12 weeks(6). An example of physical activities used was to
read aloud texts containing action verbs, while students were required to act according to the
meaning of these verbs such as for example, dive, jump, or walk. Higher physical activity
levels and improved on-task behaviour were shown in the intervention compared to the

sedentary control group.

Empirical studies on acute physical activity breaks lasting ten minutes found positive
selective effects on children’s cognitive functions(7). The quantitative characteristics of
physical activity such as for example, type, amount, frequency, and duration and their
association with cognitive and academic performance still remain to be explored(3).

Therefore, the aim of the current study was to examine the relative impact of activity breaks
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and activity breaks and mathematics combined compared to a traditional sedentary control
group on on-task behaviour, cognitive outcomes, and academic achievement in primary
school students. We hypothesised that students randomised to both the activity breaks and
activity breaks and mathematics combined groups would demonstrate greater improvements
in on-task behaviour, cognition, academic achievement and attitudes towards mathematics
compared to students in the control group. We also hypothesised that improvements in the
activity breaks and mathematics combined group would be larger than those observed in the

activity breaks group.

METHODS

Design

Study approval for this group randomised controlled trial was obtained from the
University of Newcastle Human Research Ethics Committee (No: H-2010-1183), and the
New South Wales (NSW) Department of Education (SERAP No: 2017-359). A mixed 3 x 2
between-subjects experimental design, compared the experimental conditions (activity
breaks and mathematics combined, activity breaks, control), measured in two time points

(baseline and post-test).

Participants

One primary school located in Newcastle, NSW Australia was recruited to participated
in this study. The school principal, teachers and parents were provided with information
statements. All students received the program as a whole-class intervention. However, data
was recorded only for those who returned their written consent forms (consent rate was
96.6%). Following baseline assessments, classes were randomly assigned to one of three
experimental conditions: activity breaks (n = 29), activity breaks and mathematics combined
(n = 29), and control condition (n = 29; Figure 1). In total, 87 students (53 males) participated
with a mean age 9.11 + 0.62 years. Participants’ demographics are presented in Table 1.
The majority of the participants identified as having an Australian cultural background
(97.7%), and having English as the spoken language at home (98.9%). This study was
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designed as a pilot study to assist in the design of a larger-scale cluster randomised
controlled trial. According to Eldridge and colleagues, a priori power calculations are not

necessary for pilot studies(8).

Procedure

This intervention involved two different types of activity breaks delivered in separate
classes, both totalling five minutes. The classroom environment of the three classes was
similar in regards to teacher experience, class size and set up. The activity breaks were
delivered three times per week, every Monday, Wednesday and Friday, for four weeks. The
activity breaks were divided into two minutes of activity break at the beginning of the lesson
and three minutes in the middle of the lesson. This specific experimental design was
considered to be feasible and acceptable for teachers in the classroom: the focus was placed
on moderate to vigorous physical activity, at both times (two-minute breaks in the beginning
and three-minute breaks during the lesson), as well as interrupting prolonged periods of
sedentary behaviour during the middle of the mathematics lessons (three-minute break). The
remaining lessons consisted of the usual mathematics program. The activity breaks were
performed in the classroom during the usual scheduled morning mathematics lessons (9.30
am — 11.00 am). To ensure consistency among the experimental conditions and avoid teacher
biases during implementation and administering of the intervention, the physical activities were
projected in short pre-recorded videos prepared by the research team (Figure 2). The same
two instructors demonstrated the activities in the videos. The videos were consisting of 40 or
60 short mathematical questions, and six or nine physical activities for the two and three

minutes accordingly.

Both the two physical activity conditions, activity breaks and activity breaks and
mathematics combined conditions, consisted of exactly the same movements categorised into
three themes related to physical activity: combat (e.g., straight and cross-over punches,
squats), fitness (e.g., skipping, jumping jacks, jogging on the spot), and cardio (e.g., lunges,
skater jumps, push ups). The activities were designed in consideration of the youth

compendium of physical activities, which classifies active classroom breaks as moderate
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intensity (~4 METs)(9). Before commending the trial, the activities were piloted with children

and their level of exertion was observed.

The content of the mathematical concepts during the intervention and assessments was
relevant to basic maths skills (e.g., multiplication, division, counting forwards, backwards) that
students are expected to have acquired at this age group. However, it was independent from
the syllabus taught by the teachers. During the intervention, each question was shown for five
seconds and then feedback with the correct answer was provided before the appearance of

the following question.

Each class was randomly assigned into a different experimental condition: The control
condition included mathematical activities such as multiplication tables, counting forwards,
backwards (same mathematical activities as in the activity breaks and mathematics condition).
The activity breaks condition included aerobic activities such as squats, straight or crossover
punches, lunges, star jumps, running on the spot. Children were asked to copy the movements.
Finally, the activity breaks and mathematics combined condition included the same
mathematical activities embedded into the same aerobic activities as the other conditions.
Children were asked to copy the movements and additionally answer the mathematical

questions while moving.

Baseline data was collected in the week before the beginning of the intervention. Each
class was first observed during their mathematics lessons (baseline measure of on-task
behaviour), and then children were assessed on their mathematical knowledge (with
standardised academic achievement tests). The first part of the mathematical assessment
included mathematical questions, while the second part consisted of questions related to
children’s attitudes towards mathematics. Children were assessed as a group. The second
day included individual cognitive assessments. The third day, the intervention program was

initiated, involving classroom short activity breaks.

At the end of the intervention, identical procedures and materials with baseline were utilised

for the post-test measures, starting with the on-task behaviour, academic achievement, and



finally cognitive assessments. More specifically, on-task behaviour measures in the post-test
incorporated the observation of students in the class while having the two-minute and three-
minute breaks. All the assessments were conducted during normal class time by trained
members of the research team not blinded to the experimental conditions. Teachers reported

that they delivered all five-minute sessions per week over the four weeks.

Measures

On-task behaviour was observed using momentary time sampling(10) and was reported as a
percentage of time on-task (consisted of active engagement or passive engagement), and
time off-task. This observational tool was adapted from the Behaviour observation of
students in schools(10) and the Applied behaviour analysis for teachers(11). On-task
behaviour includes behaviour that can be categorised as being ‘actively engaged’ in
academic responding such as reading, writing, performing as set task, or ‘passively engaged’
including listening to a teacher or a fellow student, but not actively participating in the set
task. Off-task behaviour includes behaviour that can be described as either off-task motor,
where a child has moved in a manner not associated with the task such as walking around
the class, off-task verbal, when a child is involved in irrelevant verbal discussion, or off-task

passive when a child is non-engaged and “staring into space”(6, 12).

Using a random number-producing algorithm, 12 students per class (6 males, 6
females) were randomly selected and matched against the alphabetical roll. All students
were observed by members of the research team in 15-second intervals on a rotational basis
over a 30-minute period in the allocated maths time slot (9.30 am - 11.00 am). At each time
point, baseline and post-test, 12 observations per class were included. A two-hour training
session was conducted on the university campus before the start of the intervention. During
this training, observers focused on identifying and classifying behaviour into the appropriate
categories, and a practice trial was conducted using a university class. Following all
observations in the practice trial, the observers discussed the different categories and
compared notes to clarify discrepancies. During the actual study period, students were aware

of the presence of the research team in the class, without knowing the actual purpose of their
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visit. Observers were standing at the back of the classroom so that students did not have a
direct eye contact with them. We did not establish an interrater reliability for this study.
However, our research team previously established an intraclass correlation coefficient of

0.84 for the same on-task behaviour assessments in preparation for another study.

Academic achievement: Students’ mastery of basic facts was assessed using the Stage 2
version of the Individual Basic Facts Assessment Tool (IBFA(13)). Questions were projected
on a computer screen and were accessible to all students, while they were also read out by a
researcher as they appeared on the PowerPoint presentations. Students could read the
questions on the screen, or listen to them, or both. This measure was originally developed for
New Zealand mathematics curriculum for Grades 1 - 8, and subsequently adapted for the
Australian curriculum. Of note, based on age group, Grade 5 in New Zealand is equivalent to

Grade 3 in Australia.

Attitudes towards mathematics: Participants’ attitudes to Mathematics were measured using
a modified (stage appropriate) version of the Programme for International Student
Assessment (PISA) scales. This questionnaire has been validated by the Australian Council
for Educational Research (ACER)(14). The 22-item questionnaire contained four separate
subscales: i) confidence e.g., “How confident do you feel when adding two numbers in the
hundreds” (8 items), ii) interest, e.g., “I really enjoy reading about mathematics” (4 items), iii)
self-perception in mathematical skills, e.g., “I get good grades in maths” (4 items), and iv)
negative thoughts, e.g., “I feel helpless when doing a mathematics problem” (6 items). The

questions used a 4-point Likert scale ranging from 1 (strongly disagree) to 4 (strongly agree).

Executive function: Two measures of executive function (i.e., inhibition and working memory)
were assessed using an online computer program: The Eriksen Flanker task was used to
measure inhibition. The Flanker test is an interference task, in which different inputs compete
with the target. Participants are asked to discriminate the arrows that have different direction.
Congruent stimuli (==>=>=>->) elicit faster and more accurate responses, whereas
incongruent stimuli (= =>€=>->) can reduce response speed and accuracy(15). Participants
had to indicate the direction of the arrow in the middle as fast as they could. Their answers
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were recorded: the percentage number of correct answers (accuracy), the reaction time to
complete the congruent tasks, as well as the time to complete the incongruent tasks (in

seconds) were gauged. This task has been previously used in similar age group(16).

Working memory was measured using a version (2-back) of the “n-back task”.
Subjects monitored the identity or location of a series of nonverbal stimuli (i.e., pictures of
ordinary objects such as cat or book) and indicated which presented stimulus are the same
with the ones previously presented. The n-back working memory paradigm is a powerful tool
measuring process and content-specific activation of working memory(17), commonly used
in this age group(18). Participants’ answers were recorded: The percentage of correct
answers (accuracy) and the reaction time to complete the tasks (in seconds). The cognitive

assessments lasted approximately 15 minutes per child at both time points.

Statistical analysis

Analyses of the outcomes were conducted using linear mixed models in IBM SPSS
Statistics, version 23.0 (SPSS Inc., IBM Company Armonk, New York, United States). Mixed
models were used to compare intervention effects and alpha levels were set at p < 0.05.
Mixed model analyses are consistent with the intervention-to-treat principle, assuming the
data are missing at random(19). Little’s missing completely at random test (MCAR(20)) was

used to confirm this assumption (chi-square (514) = 485.10, p = 0.815).

Linear mixed models were used to assess the impact of the group (activity breaks,
activity breaks and mathematics combined or control), time (treated as categorical with levels
baseline and 4-weeks), and the group-by-time interaction, using a random intercept to account
for the repeated measures of each participant. Cohen’s d was also calculated and interpreted
as follows: d = 0.2, ‘small’ effect size, d = 0.5, ‘medium’ effect size, and d = 0.8, ‘large’ effect
size(21). A summary of the outcome measures is demonstrated in Table 4 (at baseline, and 4-

weeks, adjusted mean differences and effect sizes).

RESULTS
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On task behaviour: Significant group-by-time effects were observed for children’s active
engagement between the activity breaks and mathematics combined and control groups
(adjusted mean difference = 44.1%, 95% Confidence Intervals (Cl) 28.1 to 60.1, p < 0.001),
between activity breaks and control groups (adjusted mean difference = 27.0%, 95% ClI, 11.3
to 42.7, p < 0.001), and between activity breaks and mathematics combined and activity
breaks (adjusted mean difference = 17.1 %, 95% CI 1.1 to 33.1, p = 0.037). Significant
group-by-time effects were also observed for children’s passive engagement between the
activity breaks and mathematics combined and control (adjusted mean difference = -27.1%,
95% Cl -41.1 to0 -13.2, p < 0.001), and between activity breaks and activity breaks and
mathematics combined group (adjusted mean difference = -19.3%, 95% CI -33.2t0 -5.4, p =

0.008).

Academic achievement: Significant group-by-time effects were observed for mathematics
scores between activity breaks and control (adjusted mean difference = 2.92 units, 95% CI,
0.07 to 5.77, p = 0.045). Non-significant group-by-time effects were observed between
activity breaks and mathematics combined and control group, and activity breaks and activity

breaks and mathematics combined.

Executive function: Data were log transformed due to the non-normal distribution. No
significant group-by-time effects were observed for children’s inhibition as measured using

the Flanker task or working memory using the n-back task.

Attitudes towards mathematics: Non-significant group-by-time effects were observed for
children’s confidence (p = 0.211), interest (p = 0.219), self-perceptions (p = 0.568), and

negative thoughts (p = 0.533).

DISCUSSION

This study evaluated two different types of physical activity breaks, combined or
without mathematics on primary school students’ on-task behaviour, academic achievement
and executive function. Consistent with our first hypothesis, children’s on-task behaviour in

the two physical activity conditions was improved. Specifically, the activity breaks and activity
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breaks and mathematics combined groups resulted in significant improvements in children’s
active engagement compared to the control group. Of note, the activity breaks and
mathematics combined group was significantly higher than the activity breaks in increasing
active engagement and it was the only condition with a significant decrease shown in passive
engagement. The positive effects of five-minute activity breaks in on-task behaviour shown in
this study are following the same direction with previous literature(22). However, in in this

study, we did not find a decrease in off-task behaviour(23).

Significant group-by-time effects were found for Mathematics performance favouring
the activity breaks compared to the control group, but not the activity breaks and
mathematics combined group. Having an actual break from the academic instruction was
actually beneficial for students for re-engaging their attention to the academic content.
Previous research found no differences between active breaks and traditional seated lessons
on mathematics performance(22), on-task behaviour, or sustained attention in primary school
children(24). Possibly, longer activity breaks around 10 minutes or even physically active
lessons, involving adjusted lessons with physical activities integrated with the academic
instruction, would be able to fully engage students’ to the academic curriculum, and enhance
their on-task behaviour and academic performance(22, 25, 26).

In addition, further research is needed regarding the duration of physical activity
breaks to enhance children’s cognition. The total duration of the physical activity breaks (both
activity breaks and activity breaks and mathematics combined) in this study was five
minutes. Previous studies reported cognitive improvements observed when the physical
activity breaks lasted 10 minutes or longer(27). However, none of the experimental
conditions resulted in improvements in cognitive control (inhibition and working memory).

Cognitive control is important for academic achievement including school readiness
and success, and physical and mental health(28). Even though existing literature confirm the
positive effects of acute and repeated or chronic bouts of exercise on children’s cognitive
functioning(29), this was not the case in the current study. There are a number of potential
explanations for these null findings. Most likely, the intensity and duration of physical activity

breaks were not enough to elicit cognitive changes. The intensity levels were not measured,
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however, minimum moderate-to-vigorous physical activity would be required to produce
effects. Regarding the 2 -n-back test, normative data showed that age is a strong predictor of
the n-back task between children of 7-13 years(18). As such, this task could be considered
as challenging for Grade 3 and 4 students.

Finally, there were no differences found in children’s attitudes towards mathematics. It
is probable that longer-term interventions are required to elicit changes in children’s self-
perceptions and attitudes regarding mathematics. It is important to note that the assessment
of children’s mathematical attitudes was preceded by their completion of the mathematics
assessment task. Children’s general thoughts and perceptions regarding mathematics may
have been negatively influenced by their actual performance, as well as the perception of
their performance in the mathematics test. Furthermore, students during the intervention
received feedback for their answers but not during the testing. Possibly, a positive feedback
would drive a more positive attitude towards maths and the reverse for the incorrect
responses, influencing students’ perceptions towards mathematics.

The main advantage of short classroom physical activity breaks lies on the fact that it
requires minimal preparation by teachers, making it easily adjustable to the requirements of
the crowded curriculum, and feasible to be applied even multiple times per day. As such, the
physical activity breaks were conducted by the school teachers attributed higher ecologic
validity to the study. However, limitations need to be acknowledged: this was a small-scale
study and the generalisability of the results warrants concern. Also, this study, although it
investigated the inclusion of physical activity during academic instruction, physical activity

measurements were not included.

CONCLUSION

Overall, this study has further demonstrated the potential of physical activity breaks to
improve on-task behaviour and academic achievement in children, which were proven to be
more beneficial when they included mere physical activity rather than physical activity

intermingled with academic content. This finding is particularly important considering that on-
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task behaviour can predict later academic success(6). Unlike many school-based physical
activity interventions, activity breaks require minimal disruptions in lessons. As such, physical
activity included in the daily instruction does not detract from academic performance, but it
may actually enhance it(5). Physical activity breaks performed in the academic classrooms
have gained amplified attention as a dynamic location for increasing children’s physical
activity. Additionally, classroom-based physical activity interventions are not negatively
affecting students’ learning, providing a strong counter-argument to some teachers’ beliefs
that increasing time spent in physical activity will adversely affect students’ academic
achievement(30). As a result, the academic classroom has the potential to be an integral
component of a whole-of-school approach to physical activity that provides multiple health

and learning benefits.
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Figure 1. Flow chart of participants.
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Control condition
Students had to answer the mathematical questions.

Activity breaks condition
Students performed the physical activities shown in the video.

Activity breaks and mathematics combined condition
Students performed the physical activities shown in the video while at the
same time they answered the mathematical questions.

Figure 2. Summary of video content per condition.
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Table 1. Participant demographic characteristics.

Characteristics Control AB ABM Total
(n=29) (n=29) (n=29) (n=287)

Age (years), mean 9.20 (0.56) 8.66 (0.48) 9.50 (0.51) 9.11 (0.62)

(standard deviation)

Grade 3 16 (55.2) 29 (100) 0 (0) 45 (51.7)

Grade 4 13 (44.8) 0(0) 29 (100) 42 (48.3)

Sex, n (%)

Male 20 (69) 14 (48.3) 19 (65.5) 53(60.9)

Female 931 15 (51.7) 10 (34.5) 34 (39.1)

Cultural

background, n (%)

Australian 28 (96.6) 29 (100) 28 (96.6) 85 (97.7)

Other 1(3.4) 0 (0) 1(3.4) 2(2.3)

Language spoken

at home, n (%)

English 28 (96.6) 29 (100) 29 (100) 86 (98.9)

Other 1(3.4) 0(0) 0(0) 1(1.1)

Aboriginal or

Torres Strait

Islander, n (%)

Yes 3(10.3) 2(6.9) 4 (13.8) 9(10.3)

No 26 (89.7) 27 (93.1) 25 (86.2) 78 (89.7)

Note, AB = activity break condition, ABM = activity break and mathematics combined condition
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Table 2. Summary of outcome measures.

Variable Control group AB group ABM group Adjusted difference between groups (Post-test — Baseline)
AB - Control ABM - Control AB - ABM

Baseline Post-test Baseline Post-test Baseline Post-test Mean Mean Mean

Mean Mean Mean Mean Mean Mean change Cohen's change p Cohen's change P Cohen's

(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) p value d (95% CI) value d (95% CI) value d
On-task behaviour

32.1(22.2, 28.4(18.3, 52.9(43.1, 76.3 (66.2, 41.3 (314, 81.7(71.2, 27.0(11.3, <0.001 1.2 441 (28.1, < 1.9 17.1 (1.1, 0.037 0.7
Actively engaged 41.9) 38.5) 62.8) 86.3) 51.1) 92.1) 42.7) 60.1) 0.001 33.1)

33.3(26.0, 35.8(29.7, 26.7(19.3, 21.3(15.2, 38.3(31.0, 13.6 (7.3, -7.8 (- 0.257 0.4 -27.1 (- < -1.3 -19.3(-33.2, 0.008 -0.9
Passively engaged 40.7) 41.8) 34.0) 27.3) 45.7) 19.9) 21.7,6.0) 41.1,-13.2)  0.001 -5.4)

34.6(23.8, 32.1(25.2, 20.4(9.6, 2.5(-44, 20.0 (9.2, 49 (2.3, -15.4 (- 0.074 -0.6 -12.6 (- 0.144 -0.5 2.8 (-14.3, 0.738 0.2
Off-task behaviour 45.4) 39.0) 31.2) 9.4) 30.8) 12.1) 32.4,1.6) 29.7,4.5) 20.0)
Academic achievement 24.52 26.66 23.97 24.16 29.10 32.21 2.92(0.07, 0.045 0.4 1.94 (-0.95, 0.185 0.3 -0.97 (-3.90,  0.511 -0.1
(Mathematics Scores) (20.81, (23.25, (20.30, (20.77, (25.42, (28.83, 5.77) 4.85) 1.95)

28.22) 30.06) 27.63) 27.55) 32.79) 35.60)
Executive function

1.94 (1.91, 1.99(1.98, 1.97(1.94, 1.99 (1.98, 1.96 (1.94, 1.99(1.98, 0.00 (- 0.921 0.0 0.03 (-0.01, 0.127 0.3 0.03 (-0.01, 0.156 0.3
Eriksen Flanker task 1.97) 2.00) 1.99) 2.00) 1.99) 2.00) 0.04, 0.04) 0.07) 0.07)
(Accuracy)*

3.00(2.94, 3.26(3.16, 2.99 (2.94, 3.07 (2.98, 2.94(2.88, 0.13 (- 0.075 0.4 0.12 (-0.02,  0.090 0.3 -0.00 (-0.15, 0939  -0.0

Eriksen Flanker task 3.14 (3.05, 3.06) 3.35) 3.05) 3.17) 2.99) 0.01, 0.27) 0.26) 0.14)
(Reaction time for 3.24)
congruent tasks)*

3.28(3.17, 3.04(2.98, 3.34(3.23, 3.09 (3.03, 321 (3.11, 299 (293, 0.02(- 0.747 0.0 0.00 (-0.14,  0.962 0.0 -0.02 (-0.16, 0.786  -0.0
Eriksen Flanker task 3.39) 3.10) 3.44) 3.15) 3.32) 3.05) 0.12,0.16) 0.15) 0.12)

(Reaction time for
incongruent tasks)*
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2-N back task (Accuracy)

2-N back task (Reaction
time)

Attitudes towards
mathematics

Confidence

Interest

Self-perception

Negative thoughts

3525
(30.59,
39.91)

1106.82 (-
5742.62,
7956.26)

2.54(2.32,
2.77)

2.82 (251,
3.13)

2.63 (2.36,
2.90)

2.27(2.03,
2.51)

50.39
(42.89,
57.89)

956.78
(884.80,
1028.76)

2.64 (2.41,
2.87)

245(2.12,
2.78)

2.54 (2.25,
2.82)

2.15 (1.86,
2.44)

29.39
(24.80,
33.98)

9349.89
(2621.58,
16078.19)

2.95(2.73,
3.17)

3.11(2.81,
3.42)

2.76 (2.49,
3.02)

2.26 (2.02,
2.49)

38.58
(31.20,
45.95

996.52
(925.85,
1067.18)

2.84 (2.62,
3.06)

3.04 271,
3.36)

2.78 (2.50,
3.06)

2.11(1.82,
2.34)

32.08
(27.41,
36.74)

947.22 (-
5902.19,
7796.64)

3.18 (2.96,
3.40)

2.67 (2.36,
2.98)

2.55(2.29,
2.82)

237 (2.14,
2.61)

45.70
(38.44,
52.96)

1001.15
(931.74,
1070.57)

3.11(2.88,
3.34)

2.60 (2.27,
2.92)

2.64 (2.35,
2.92)

2.09 (1.80,
2.37)

4.44 (-
5.77,
14.65)

8407.30 (-
1181.60,
17996.20)

0.03 (-
0.20, 0.27)

-0.00 (-
0.37,0.37)

0.06 (-
0.26, 0.39)

0.13 (-
0.44,0.18)

0.389

0.085

0.775

0.994

0.696

0.397

0.1

0.3

0.0

0.0

5.95 (-4.44,
16.34)

8203.32 (-
1385.65,
17792.30)

0.21 (-0.04,
0.45)

2029 (-
0.67, 0.08)

0.11 (-
0.44,0.21)

0.04 (-0.28,
0.36)

0.258

0.093

0.097

0.126

0.498

0.814

0.2

0.3

0.3

0.0

1.51 (-8.83,
11.85)

203.97 (-
9878.31,
9470.37)

0.17 (-0.07,
0.42)

-0.29 (-0.67,
0.09)

-0.17 (-0.50,
0.15)

0.17 (-0.15,
0.49)

0.772

0.967

0.169

0.130

0.295

0.292

0.0

-0.0

0.3

0.2

* Log transformations

Note, AB = activity break condition, ABM = activity break and mathematics combined condition
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