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Executive functions and classroom 
behaviour in second graders
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Background: Executive functions along with on-task behaviour in the classroom 
relate to academic success. Examining the shared and non-shared variances in 
their relationships with academic achievement may lead to a better understanding 
of the contribution of executive functions to achievement and may uncover a 
mechanism to explain why they are so important for school success. Specifically, 
we investigated the extent to which executive functions and classroom behaviour 
offer different and similar perspectives on children’s self-regulatory behaviour, 
and make unique contributions to academic achievement.

Method: Data were collected from 129 2nd grade students (M age = 7.93 years, 
SD = 0.5; 44.2% female). Participants were observed for 25 min during a ‘business-
as-usual’ classroom lesson, following a momentary assessment protocol; 
we  developed and used an openly available mobile application. Subsequently, 
participants completed an executive function task (Hearts and Flowers) in small 
groups on tablet computers. Teachers rated students’ academic achievement in 
language and mathematics.

Results: We found unique contributions for on-task behaviour and executive 
functions to academic achievement in 2nd grade. Moreover, we  found that 
27–31% of the total effect of inhibition on language achievement was mediated 
through on-task behaviour.

Conclusion: We have shown that executive functions and on-task behaviour 
share variance in their relationship to academic achievement, as well as 
providing a unique perspective on children’s self-regulatory behaviour. Thus, 
researchers might want consider the inclusion of both executive function tasks 
and ecologically valid measures such as the current, easy to apply behavioural 
observation in a naturalistic setting in their future work.
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Introduction

One of the most often replicated finding in the contemporary developmental literature is 
that executive functions (EF) are predictive for school readiness, school grades, academic 
achievement, and the like (see Friso-van den Bos et al., 2013; Yeniad et al., 2013; Allan et al., 
2014, for meta-analyses). EF describe a set of heterogeneous but interrelated higher-order 
cognitive abilities, including working memory (being able to hold some information in mind 
and work with it, e.g., as in addition and subtraction tasks), inhibition (e.g., being able to hesitate 
and reflect, rather than to shout into the classroom and give incorrect answers), and cognitive 
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flexibility (e.g., being able to fast and efficiently redirect attention from 
one detail to another, finding a good focus of attention for the task at 
hand) (Miyake et  al., 2000). These and other constructs (such as 
persistence, effortful control, and others) belong to the comprehensive 
terms of self-regulation (Zhou et al., 2012). Not only are individual 
differences in EF related to academic performance (e.g., Cortés 
Pascual et al., 2019; Spiegel et al., 2021), a lack of improvement in EF 
over time has also been shown to be predictive of academic difficulties 
in primary school children (e.g., Diamond, 2013; Morgan et al., 2019). 
Effects of EF on academic outcomes in primary school of around 
r = 0.30 have been reported, although these numbers vary depending 
on the subcomponent of EF and the academic domain (e.g., Cortés 
Pascual et al., 2019) and the age group included (e.g., Magalhães et al., 
2020; Spiegel et al., 2021).

It seems obvious to assume that formal learning in a primary 
school classroom requires self-regulatory competences. Learning in 
the classroom context involves being able to adapt one’s individual 
learning to teachers’ standards, expectations, rules, and behavioural 
demands. It includes involvement and active participation in the 
classroom. That is, the teacher predetermines the focus of attention for 
the students, they expect the individual to ignore distractions, to get 
involved in teacher-defined learning activities and to participate and 
interact - at certain times and not at other times - with peers. Children 
who have problems with active participation and adequate classroom 
behaviour are known to fall behind as they miss many and increasing 
learning opportunities (Nesbitt et al., 2015; Kuutti et al., 2022; Nesbitt 
and Farran, 2022). However, there is only very limited evidence on 
how and to what extend EF are linked to participation, involvement, 
and/or learning-related behaviour in the classroom.

Rutherford et al. (2018) describe EF as an ‘underlying competency’ 
for self-regulated learning (SRL), although it has not been established 
if EF truly is a prerequisite for SRL, or if they are related, concurrently 
developing constructs (Davis et al., 2021). The concept of SRL includes 
academic behaviour but is much broader than behaviour alone. It 
includes monitoring, goal setting, planning, and persistence, to name 
a few of the aspects covered (e.g., Duckworth et al., 2014; Nigg, 2017). 
The monitoring of goals, behaviour, and time allocation is highlighted 
in Pintrich’s general framework of SRL (Pintrich, 2000). This requires, 
on the one hand, an awareness of one’s academic behaviour in an 
overarching, mostly retrospective or prospective way (“How much 
time did I need to complete this task?,” “How difficult is this task? How 
much time will I  need?”). Being and remaining on-task during a 
lesson, on the other hand, requires a moment-to-moment awareness 
of behaviour. This implies the ability to filter out irrelevant stimuli and 
thoughts, to keep task assignments in mind and to flexibly change the 
attentional focus - which is where EF may play a more prominent role. 
To date, very little is known about the exact contributions of EF 
subcomponents to classroom behaviour. And even less is known about 
possible indirect effects of EFs on academic achievements through 
classroom behaviour. Therefore, this study investigates how EF relates 
to moment-to-moment task-behaviour during classroom lessons in 
second graders, and how both EF and task-behaviour relate to 
academic achievement in second graders.

The majority of the current literature focuses on very young children 
(pre-K and kindergarten (e.g., Nesbitt et al., 2015)). The conventional 
approach to measuring EF is to quantify children’s performance in terms 
of accuracy, reaction times, or a combination of both under highly 
controlled settings (quiet room, standardized instructions, 

encouragement provided by the experimenter). Yet, it remains unclear 
to what degree such direct assessments, considered as the “gold standard” 
for measuring EF, reflect the complexities of a classroom. These include, 
for example, the ability to stay focused on a task without encouragement, 
to initiate and complete learning efforts, to persist on academic 
challenges, and to ignore the many distractions and behavioural options 
in the classroom setting (with and without peers).

Not surprisingly, the few existing studies report only weak to 
moderate correlations between EF and teachers’ ratings of self-
regulation in the classroom (ranging from 0.10 to 0.35; 
Neuenschwander et al., 2012; Fuhs et al., 2015; Schmitt et al., 2015; 
Finders et al., 2021), and even weaker associations between EF and 
observational data of on-task classroom behaviour, involvement, or 
disruptive/unoccupied behaviour (McCoy et al., 2022; Nesbitt and 
Farran, 2022). Research attempts to adapt “classical” EF task to group-
based measurements and to simulate classroom settings when 
measuring EF have shown that EF tasks and these adaptations already 
share only moderate amounts of variance. This underlines that the 
different tasks have different demands, call for the deployment of 
different self-regulatory but also non-self-regulatory skills, and have 
different sources of measurement error (Obradović et  al., 2018; 
Ahmed et  al., 2021). Together, these findings suggest that each 
measurement offers distinct information and captures different 
observable and unobservable cognitive processes.

Investigating the shared and non-shared variances of different 
methods may lead to a better understanding of the often narrowly 
defined EF (McCoy et al., 2022). While teachers’ ratings of learning-
related behaviour in the classroom have provided valuable yet 
retrospective and possibly biased information (Bonefeld et al., 2020), 
observational data during normal school lessons offer a unique 
perspective on naturally occurring classroom behaviour and have very 
recently proven to provide objective, reliable and valid information 
(Nesbitt et al., 2015; McCoy, 2019; McCoy et al., 2022; Heemskerk 
et al., 2022a,b). Moreover, for very young children, Nesbitt et al. (2015) 
were able to show that the effect of EF on achievement gains in math 
and literacy were indirect, that is, mediated through different aspects 
of learning-related behaviour observed in regular school lessons. This 
finding is important as it uncovers one mechanism to explain why EF 
are so important for school success.

We aimed to further our understanding of how and to what extent 
EF impact children’s behaviour and learning opportunities in the 
classroom for older children (2nd grade). These children have spent 
more time in formal school settings, with opportunities to adjust to 
the behavioural expectations, build on their EF in class, and learn to 
ignore the distractions inherent in completing learning tasks alongside 
a room full of peers. Specifically, we investigated the extent to which 
EF and observed classroom behaviour offer different and similar 
perspectives on children’s self-regulatory behaviour, and make unique 
and indirect contributions to academic performance, with both EF 
measures and observational data having pros and cons.

Method

Sample and procedure

The ethics committee at the University of Bern Institute of 
Psychology gave permission for this study to be carried out. Data were 
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collected in second grade classes (n = 13) of primary schools during 
the autumn semester. Teachers from schools within a 1-h travel 
distance from the university were invited via email and telephone to 
participate in the study with their classes. From the participating 
classes, children with informed parental consent were allowed to take 
part. Valid data from 129 children (44.2% females, M age = 7.93 years, 
SD = 0.5 years) were included for analysis. More details about the 
sample can be found in Table 1.

Each class was visited by the trained research team once, 
during the morning. The visit started with an introduction of 
around 10 minutes, during which the research team introduced 
themselves, explained to the children what research is, and 
explained that those who had permission from their parents would 
complete a task after their normal lesson would finish. The class 
was also told that, during the next lesson, the research team would 
have a look at what this lesson was like and would take some notes, 
but that the children did not need to do anything in particular for 
it and could just ignore the researchers. Then, the research team 
spread themselves around the outside of the classroom and after a 
few minutes started a 25-min observation of pupils’ task-related 
behaviour, using a momentary observation scheme. The teachers 
were asked to teach the usual timetabled lesson during the 
observation period. After the observation period, the participants 
completed the Hearts and Flowers task (Davidson et al., 2006) on 
a tablet. The task was administered to small groups of up to 10 

pupils, in a room where no other teaching activities were carried 
out at the time. After completion of the task, the children were 
thanked for their participation and returned to their class to carry 
on with their lessons as normal.

Teachers provided ratings of the children’s academic performance in 
language and maths, as well as two aspects of self-regulated learning; 
their ability to work independently and to gauge their own strengths and 
weaknesses. All teacher reports (four single ratings) were provided on a 
5-point Likert scale (1 = well below age-related expectation, 2 = below 
age-related expectation, 3 = at age-related expectation, 4 = above 
age-related expectation, 5 = well above age-related expectation).

Executive functions task

The Hearts and Flowers task (Davidson et al., 2006; Diamond 
et al., 2007) was used to assess EF. The task was programmed using the 
open source mobile application development platform Ionic (Version 
5, 2020) and carried out on Samsung Galaxy Tab A7® tablets (running 
on Android), using external response buttons (Buddy Buttons of 
Ablenet Inc.) placed to the left and right of the tablet and connected 
via a response box (“Immo-Reaction Response Box,” available from 
Immo-Electronics Inc.). All instructions were given via audio 
recordings embedded in the programme, over headphones. The task 
consists of three blocks: congruent (hearts, 24 trials), incongruent 
(flowers, 36 trials), and mixed (60 trials, 80% congruent, 20% 
incongruent). Each block is preceded by a practice section to ensure 
the participants understand the task. Stimulus presentation time was 
600 ms, with an inter-stimulus interval of 500 ms.

This task taps into all three of the basic domains of EF (working 
memory to keep the various rules of the task in mind, inhibition to 
prevent dominant responses in the incongruent trials, and switching 
in the mixed block when the rule to be  applied changes between 
congruent and incongruent trials) (Diamond et al., 2007). The accuracy 
and RT in the flowers and mixed blocks can be used as measures of 
inhibition and switching, respectively (Diamond et al., 2007).

On-task behaviour observations

Children were observed every 30 s for 25 min (yielding max. 50 
observations per participant). Researchers followed a momentary 
observation protocol and used the ‘SchoolBehaviour’ app to record 
their observations. During the 30-s interval between each participant’s 
observations, the researchers observed other participants (a maximum 
of 6 participants per researcher). Thus, each recorded behaviour was 
a snapshot of the behaviour at the moment of observation, and not an 
aggregate of the 30 s interval.

At every observation, the researchers gave a rating of ‘on-task’, 
‘passive off-task’, ‘active off-task’, or ‘other’. Goal-directed behaviour for 
carrying out the set task, without disrupting other students, was coded 
‘on-task’. Staring, yawning, stretching, or sleeping, in the absence of 
goal-directed behaviour, was coded ‘passive off-task’. Moving or 
talking, when not task-related, was coded ‘active off-task’. If a 
participant was obscured from the researcher’s view, or if their 
behaviour was ambiguous, a rating of ‘other’ was recorded.

Inter-rater reliability for the four observers was good (Light’s 
κ = 0.76). The ‘SchoolBehaviour’ app is an easy-to-use app, which is 

TABLE 1  Sample descriptives.

Variable Categories n M / 
%

SD Min Max

Age 129 7.93 0.50 6.83 10.00

Sex Girl 57 44.2%

Boy 72 55.8%

On-task 

behaviour

129 81.0% 10.0% 48.0% 98.0%

Language 

achievement

1 3 2.3%

2 27 20.9%

3 59 45.8%

4 29 22.5%

5 11 8.5%

Maths 

achievement

1 17 13.2%

2 41 31.8%

3 40 31.0%

4 17 13.2%

5 14 10.8%

Hearts & 

Flowers

Accuracy Hearts 129 0.97 0.05 0.68 1

Flowers 124 0.90 0.13 0.09 1

Mixed 124 0.78 0.16 0.22 1

Reaction 

time

Hearts 129 489.9 101.9 328.9 1111.5

Flowers 124 686.9 124.2 444.2 1074.4

Mixed 124 696.7 104.2 433.0 1039.5
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free to download from the app stores for iOS and Android. Training 
material including video is obtainable from the first author.

Analytic procedures

Variable creation
For the Hearts and Flowers task, we excluded anticipatory trials 

(reaction time (RT) ≤ 200 ms; 4.8% of trials) and trials with RT > 2000 ms 
(2.8% of trials). We excluded participants with an overall mean accuracy 
below 50% (less than chance, n = 0). After data cleaning was complete, 
we calculated the mean RT and accuracy (percentage correct trials) 
separately for the incongruent block (inhibition accuracy and RT) and 
the mixed block (shifting accuracy and RT).

Observations concurrently coded ‘other’ for both the task and 
behaviour were removed from the data set. Only participants with 40 
or more valid observations were included in analyses. We then created 
the ‘on-task’ variable: the percentage of valid observations rated as 
on-task.

Teacher ratings of academic achievement had a high intra-class 
correlation (ICCMaths = 0.311; ICCLanguage = 0.183) and were centred 
within classes.

Analyses
Using RStudio (RStudio Team, 2022), we analyzed Spearman 

correlations between the measures of EF (accuracy and RT for both 
inhibition and switching), the prevalence of on-task behaviour, and 
the teacher ratings of academic achievement and study behaviour. 
Correlations were considered small if they were < 0.3, moderate if 
they were 0.3–0.49 and large if they were ≥ 0.5. The significance 
level was set at α < 0.05. We then specified path models using the 
lavaan package (Rosseel, 2012) to investigate possible indirect 
effects of EF on achievement via on-task behaviour. To assess the 
meaningfulness of indirect paths, we  calculated the effect ratio: 

P indirect effect
total effectM =

 
 

 (Shrout and Bolger, 2002). An effect ratio of 

1 indicates full mediation, whereas a ratio of 0 indicates 
no mediation.

Results

Table  1 displays the sample descriptives, including on-task 
behaviour, academic achievement, and the accuracy and RT from the 
Hearts and Flowers task. As expected, accuracy was lower in the third 
block (switching) than in the first (baseline) and second (inhibition) 
block. RT was longer for both switching and inhibition than 
for baseline.

Correlations between executive functions, 
on-task behaviour, and academic 
achievement

On-task behaviour correlated significantly with RT in the 
inhibition block (r = −0.18, p = 0.024), indicating that children who 
responded faster in the incongruent block also were more on-task 
during the preceding lesson. Teacher-rated achievement in maths and 

language correlated with each other (r  = 0.46, p  < 0.001). Maths 
achievement also correlated with inhibition accuracy (r  = 0.25, 
p = 0.006), whereas language achievement correlated with on-task 
behaviour (r  = 0.23, p  = 0.009). The full correlation matrix can 
be found in Table 2.

Indirect effects of executive functions on 
academic achievement in 2nd grade 
students

The path models (see Figure 1) showed that for both inhibition 
and switching, accuracy was related to on-task behaviour, but only for 
inhibition was it also related to academic achievement in maths. RT 
only showed a significant relationship for inhibition.

In model A, inhibition accuracy and RT are included. We see that 
accuracy is related to on-task behaviour (β = 0.16, p = <0.001) and 
academic achievement in maths (β = 0.27, p = <0.001). Moreover, the 
relationship between on-task behaviour and language achievement is 
significant, creating two indirect paths: from inhibition accuracy to 
language achievement via on-task behaviour (β = 0.04, PM = 0.31) and 
from inhibition RT to language achievement via on-task behaviour 
(β = −0.04, PM = 0.27). The indirect relationship from inhibition RT to 
maths achievement via on-task behaviour had an effect ratio of 
PM  = 0.05, indicating that almost no mediation takes place in the 
relationship between inhibition accuracy and maths achievement.

In model B, which includes switching accuracy and RT, no direct 
effects of switching on academic achievement were found, but an 
effect of switching accuracy on on-task behaviour (β = 0.17, p = 0.031), 
and an effect of on-task behaviour on language achievement (β = 0.24, 
p = 0.003). No significant indirect paths led from switching via on-task 
behaviour to academic achievement.

Discussion

This study aimed to investigate the relationships between EF and 
on-task behaviour, and their unique contributions to academic 
achievement in maths and language in 2nd grade students. We found 
that EF only explained part of the variance in on-task behaviour 
(inhibition: 5.8%; switching 5.5%), and that behaviour did not fully 
explain the link between EF and achievement, as evidenced by the 
significant direct effect of inhibition accuracy on maths achievement. 
This is in line with findings by Brock et al. (2009), who found that 
behaviour did not account for the EF-achievement link in their sample 
of kindergarten pupils. We found partial mediation for the effect of 
inhibition on language, but not maths achievement, and no mediation 
or direct effects for switching. The fairly small proportion of variance 
in behaviour explained by EF may mean that other concepts, such as 
SRL, self-control, or motivation play additional roles in shaping task-
behaviour (e.g., Pintrich and Zusho, 2002; Zimmerman and Kitsantas, 
2014; Cirino et al., 2016; Rutherford et al., 2018; Davis et al., 2021).

On the whole, our findings align with findings by Nesbitt et al. 
(2015), who found that learning gains during the pre-K year were 
predicted by EF and mediated by classroom behaviour. However, our 
findings differ from those of Nesbitt and colleagues in several aspects. 
Firstly, for inhibition, we found relationships between the accuracy 
(percentage of correct answers) as well as RT, and on-task behaviour 
and academic achievement. For switching, we  only found one 
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relationship with on-task behaviour for accuracy, and none for 
RT. This is in line with suggestions that until accuracy scores are high 
(e.g., > 80%), RT is a less informative measure of EF than accuracy 
(Zelazo et al., 2013; Camerota et al., 2019). In our sample, mean 
accuracy was >80% for inhibition (89.9%), but not for switching 
(78.1%). Thus, in 2nd graders inhibition and switching accuracy are 
associated with on-task behaviour, but only inhibition RT.

On-task behaviour was related to inhibition accuracy and RT, and 
indirect effects of inhibition on language achievement via behaviour 
were found. The effect ratios were considerably larger than those in 
the study by Nesbitt et al. (2015), who found both language and maths 
gains were predicted by EF, and mediated by classroom behaviours 
(0.27 and 0.31, in our study; 0.10–0.13, for Nesbitt and colleagues). 
The difference in effects ratio may be related to the age of the children 

in the respective samples. Our sample of 2nd graders has had more 
time to develop their EF and learn to adjust to the demands of 
completing learning tasks in a dynamic classroom environment than 
the pre-K children in the Nesbitt study. This could be a reason that the 
effect ratio for the mediation effect was greater in our sample, as 
consistent on-task behaviour and active participation in learning 
activities is crucial to maximising a child’s learning (Nesbitt et al., 
2015; Kuutti et al., 2022; Nesbitt and Farran, 2022).

In the switching path model (Figure 1B), only accuracy and not 
RT was related to on-task behaviour, and neither related directly to 
academic achievement. Shifting typically develops later than inhibition 
does (Diamond, 2013), and it may be  that in our sample of 2nd 
graders, shifting was not yet sufficiently developed to significantly 
relate to their behaviour and achievement. This is also supported by 
the considerably lower mean accuracy in the shifting block than in the 
inhibition block (see Table  1) and corresponds with findings by 
Magalhães et al. (2020) that second grade achievement in maths and 
literacy is predicted by inhibition, but not switching.

In our study, we found indirect paths between EF and language 
achievement, but not maths, despite the current literature generally 
reporting stronger links between maths and EF than between 
language and EF (e.g., Spiegel et  al., 2021, for a meta-analysis), 
although the differences are not large. In their meta-analysis, Spiegel 
et al. (2021) report effect sizes of r = 0.29 for inhibition on maths and 
r = 0.26 on reading. For switching, they report r = 0.28 and 0.24 for 
maths and reading, respectively. However, we found that maths, but 
not language, related directly to inhibition accuracy (β = 0.27). This 
may indicate that EF makes a greater unique contribution to maths 
achievement – as also reflected by the small effect ratio for the 
indirect effect of inhibition accuracy via on-task behaviour. Moreover, 
regarding the relationships between maths and EF/on-task behaviour, 
Ahmed et  al. (2021) suggest that maths achievement is mostly 
affected by working memory. This is also supported by meta-analyses 
reporting effects of r = 0.35 to 0.39 for working memory (Cortés 
Pascual et al., 2019; Spiegel et al., 2021) compared to effects of less 
than r = 0.30 for inhibition and shifting (Spiegel et al., 2021). The 
present study focused on inhibition and switching, whereas the EF 
measure used by Nesbitt et al. (2015) did include working memory.

Finally, we used the participants’ current academic achievement as 
the dependent variable, rather than their learning gains. This difference 
in outcome variable could affect the strength of associations. For 
example, a child with low achievement may make large learning gains 

TABLE 2  Spearman correlations and partial correlations of measures of inhibition with observed task-related behaviour and academic achievement.

Inhib acc Inhib RT Shift acc Shift RT On-task 
beh

Maths Language

Inhibition accuracy 0.19* 0.41*** −0.18* 0.03 0.24** −0.01

Inhibition RT 0.09 −0.26** 0.69*** −0.08 −0.15 −0.09

Shifting accuracy 0.18* −0.10 0.37*** 0.19* −0.18 −0.05

Shifting RT 0.13 0.66*** 0.10 −0.07 0.14 0.09

On-task behaviour 0.14 −0.18* 0.16 −0.15 −0.10 0.33***

Maths teacher 

rating
0.25* −0.12 −0.02 −0.02 −0.02 0.37***

Language teacher 

rating
0.10 −0.15 −0.17 0.03 0.23** 0.46***

Partial correlation above the diagonal (gray shade), zero-order correlations below the diagonal. Partial correlations of behaviour controlled for EF, partial correlations of EF controlled for 
behaviour. (Partial) correlations significant at p < 0.05 in bold print. ∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001. For RT smaller numbers indicate better performance.

A

B

FIGURE 1

Path models of the indirect effects of (A) inhibition and (B) shifting on 
academic achievement. Note: All path coefficients are standardised. 
Significance set at p < 0.05. *p < 0.05, **p < 0.01, ***p < 0.001. Significant 
paths are drawn in solid lines.
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through attentive classroom behaviour and good task-focus, but still 
have lower achievement than would be typically expected for his or her 
age, or low achievement in comparison to their peers. Thus, a child may 
score highly on one metric whilst scoring poorly on the other.

Strengths and limitations

This study used direct observation as well as objective tests of 
EF. Observations followed a momentary time sampling protocol, taking 
a snapshot every 30 s. Although observations always come with the risk 
of bias, the research team was trained until interrater agreement exceeded 
κ = 0.70. Using a set protocol means that as the observation interval is 
predetermined and systematic, any under- or overestimation of certain 
behaviours would occur in an unbiased way (Meany-Daboul et al., 2007). 
The observation tool used in the present study (SchoolBehaviour) is easy 
to learn, easy to apply, and has already proved in other studies to provide 
a useful perspective on children’s behaviour in the classroom. It is openly 
available on app stores for iOS and Android and may be of interest to 
many other researchers. Finally, a comparison of momentary time 
sampling with continuous observation concluded that a 30-s sampling 
interval had good correspondence with continuous protocols (r = 0.78; 
Zakszeski et al., 2017), especially for high-frequency behaviour such as 
on-task behaviour in primary school classrooms (Pearson Assessments, 
2013; Zakszeski et al., 2017).

A strength of our study is that the Hearts and Flowers task has 
most widely been used in laboratory settings, or away from the 
laboratory in 1–2–1 settings. We applied this task in schools, in small 
groups of up to 10 students at a time. This setting more accurately 
reflects a classroom situation and provides more ecologically valid 
measures of EF (Obradović et al., 2018; McCoy, 2019).
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