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Abstract
This study investigated the impact of a temporal assessment context on children's mathematical performance and anxiety. Children aged 7- to 9-years-old were given mathematics tasks under three different assessment conditions: no time constraint (NoT), time constraint with an invisible timer (IT), and time constraint with visible timer (VT). Results showed that children performed worse under the time constraint condition when the timer was not visible to them. This supports the resource-based theory of time perception, which suggests that the processing of temporal information is a demanding cognitive task that consumes limited attention resources. Of greater interest, the use of a visible timer improved children’s cognitive efficiency without compromising performance compared to the unconstrained time condition. Additionally, the study found that anxiety levels were lower in the situation with a time constraint with a visible timer compared to the two other assessment contexts. These results suggest that a situation with a pre-established time constraint where children can manage their time could alleviate their anxiety and better cater to their needs during the assessment. Overall, these results underline the benefits of a visible timer in providing an organizational framework for children and helping them process time, thus avoiding draining their attentional resources.
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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Evaluation and Time Constraint: Impact of time Processing 
on Mathematical Performance
Temporal pressure, also known as time pressure or time constraint, refers to the perception or feeling that time is limited and that there is a deadline or a specific time frame within which a task or activity needs to be completed. Time pressure is an inevitable part of the school experience. Indeed, from an early age, children must adapt to time constraints by accomplishing tasks assigned to them within a constrained deadline, often announced in advance. This therefore requires children to mobilize their cognitive resources for a predetermined time they do not control. Although time constraint is omnipresent in schools, this article will particularly focus on time constraints in assessment situations. More specifically, the objective of this article is to determine the influences of temporal processing on both anxiety and performance during a time-constrained mathematical evaluation of children aged 7 to 9 years old. 
Effects of time constraint on stress, anxiety and their effects on cognitive capacities
[bookmark: _Hlk132791026]The effects of time pressure on performance have been extensively studied in both psychological and educational literature. However, the findings are not unanimous, with some researchers suggesting that time pressure undermines performance (Rastegary & Landy, 1993; Slobounov et al., 2000; Kellogg et al., 1999; Phillips-Wren & Adya, 2020; van Harreveld et al., 2006), while others argue that it enhances performance (Arsenault & Dolan, 1983; Bass et al., 2008; Hancock, 1989; Pawar & Velaga, 2020). In light of these conflicting findings, some experts have proposed that the effects may depend on the level of stress and anxiety induced by the time pressure (Harris et al., 2023a; Orfus, 2008; Phillips-Wren & Adya, 2020). Anxiety and stress are related concepts, but they refer to different psychological experiences. Stress, often triggered by external factors, is a response to challenges or pressures and is generally characterized by specific short-term reactions, both physical and psychological. Anxiety, on the other hand, is more internal and can persist in the absence of immediate stressors, often manifesting as a prolonged and sometimes irrational feeling of unease or fear about future events and is distinguished between anxious state and anxious traits (Endler & Kocovski, 2001; Saviola et al., 2020). Yet, stress and anxiety have intertwined behavioral and neural underpinnings (Daviu et al., 2019). 
[bookmark: _Hlk176156478]Researchers found a relationship between time pressure and performance, which would follow the form of an inverted U-shaped curve. This means that time pressure could undermine performance if the level of pressure is too low or too high (Baer & Oldham, 2006; Byron et al., 2010; Zivnuska et al., 2002). Specifically, when pressure is low, individuals may lack sufficient motivation to fully engage with the task, resulting in poor performance (Westman et Eden, 1996). Conversely, when pressure is excessively high, it aligns with the "choking under pressure" hypothesis, which suggests that high stakes or intense pressure to perform well can impair performance, even in individuals who are usually highly skilled or proficient in that domain (Beilock & Carr, 2005; Beilock et al., 2004; Gray, 2020; Harris et al., 2023b). It should be noted that the mathematical evaluation task used in the present experiment is not an exception to these rules (for a review, see Caviola et al., 2017). 
According to the theory of attentional control (Eysenck et al., 2007, also see von Bastian et al., 2020), anxiety is primarily caused by a deficit in the ability to control attention. According to the theory, attentional control involves the ability to selectively attend to relevant information while inhibiting the processing of irrelevant or distracting information. Individuals with high levels of anxiety may have a reduced ability to control their attention, which results in a tendency to focus on threatening or negative stimuli and to have difficulty disengaging from them. In summary, the central executive component, and especially that of working memory processes, is believed to be negatively impacted by anxiety, resulting in reduced cognitive performance and decreased task efficiency and effectiveness (for a review, also see Caviola et al., 2017). 
Time processing and cognitive capacities
At the same time, while attentional resources may be tapped to process negative feelings related to the time constraint, part of the attention is caught up in the processing inherent in the temporality of the task. Yet, it is intriguing to note that there is a gap in the literature about this topic, since no study has tried to analyze the cognitive load of time processing as a mediator of performance. Cognitive load refers to the amount of mental effort expended to process information or perform tasks. It encompasses the cognitive resources used for tasks such as learning, problem-solving, decision-making, and other mental activities (Buchner et al., 2022). Indeed, time processing is a cognitive process that consumes attentional resources (Nobre et al., 2010), which are limited (Baumeister et al., 1998; Muraven et al., 1998; Vohs & Heatherton, 2000). Studies based on a dual-task paradigm showed that processing time simultaneously with other non-temporal information is detrimental to performance on temporal and non-temporal tasks (for a meta-analysis, see Block, et al., 2010). 
In a recent series of studies by Hallez and Droit-Volet (2017, 2019), children from 5 to 8 years old had to perform a series of three tasks: a temporal task (i.e., reproduction of duration), a non-temporal task (i.e., denomination of colors) and both tasks simultaneously. The authors not only demonstrated that color discrimination and temporal reproduction were undermined when performed together, but also that it was strongly correlated with neuropsychological scores of selective attention. Selective attention is a cognitive process that involves focusing one's attention on specific stimuli or information while ignoring others. This means that the brain selectively filters out irrelevant or distracting information, allowing us to concentrate on what is important or meaningful. Selective attention is essential for effective information processing and decision-making, as it helps us to prioritize and allocate cognitive resources to the most relevant information (Johnston & Dark, 1986; Treisman, 1964). Thus, the lower the scores for individual selection attention, the greater the differences in performance between single and dual tasks. Children have fewer attentional resources, this explains why they are more prone to dual-task interference (Irwin-Chase & Burns, 2000). This implies that the two tasks (i.e., non-temporal and temporal ones) are competing for the access of common attentional resources and also suggests that time processing alone creates a cognitive load that negatively impacts performance (Hallez, et al., 2020). 
This aligns with the cognitive models proposed in time perception literature. According to the pacemaker-accumulator model (Gibbon et al., 1984) depicted Figure 1, an agent is equipped with an “internal clock”, composed of a pacemaker, a switch, and an accumulator. At the onset of the to-be timed stimulus, the switch closes (acting as an attentional gate), thereby allowing the pulses generated by the pacemaker increment in the accumulator. At the offset of the same stimulus, the switch opens and pulses are no longer transmitted to the accumulator. Thus, the perceived duration directly depends on the stored pulses. In other words, the perceived duration increases with accumulated pulses. According to attentional models of time (Zakay, 1989, 1992; Zakay & Block, 1996), the more attentional resources divert away from the passage of time, the shorter the perceived duration. A decrease in the attention allocated to the processing of time increases the latency relative to the closing of the switch, underlying additive effects, and/or its flickering during the duration processing (i.e., going from an open to a closed state) underlying proportional effects. This state change of the switch implies that all the pulses emitted cannot be communicated to the accumulator, resulting in the loss of time units during the integration process. As a consequence, fewer impulses are stored and time is underestimated. Following this model, temporal information will pass through a mnemonic stage and then a decisional stage, which can successively modulate time perception. More recent and complex neurocomputational models still highlight attention as being a central component of the processing of duration (Hallez et al., 2023). This is also the reason why children with Attention-Deficit/Hyperactivity Disorder show lower performance in their ability to estimate duration (for a review, see Nejati & Yazdani, 2020).
Insert Figure 1 about here
However, other researchers locate the origin of this temporal distortion at a later stage, in the realm of memory, when information (i.e., impulsions accumulated) is stored in short-term memory (Fortin & Schweickert, 2016; Ivry & Schlerf, 2008; Taatgen et al., 2007). For instance, the work of Fortin and colleagues (1993) highlighted that the accuracy of temporal reproduction deteriorated proportionally with the increased demands on the short-term memory of the concurrent task. They concluded that the impact of the non-temporal task on temporal processing might not solely stem from general attentional resources but from the concurrent demands of both tasks in terms of short-term memory. Numerous studies have also noted lower temporal estimates (i.e., underestimation of time) when the retention interval is increased before the participant is allowed to provide a response (e.g., Church, 1980; Rattat & Droit-Volet, 2010). For example, in a study by Rattat & Droit-Volet (2010), participants had to wait 15 minutes before providing a temporal response. During this delay, when participants performed an interference task, durations were perceived shorter compared to a condition without an interfering task. This observation can be attributed in part to the loss of impulses during the retention interval (Spetch & Wilkie, 1983). In summary, underestimation of time (i.e., duration perceived as shorter) may arise from specific attention-regulation processes that limit the quantity of impulses entering the accumulator (the accumulation process itself), or it may result from mnemonic processes that reduce the quantity of already accumulated impulses, or even from a combination of these mechanisms. 
Aim of the study
It can be argued that the processing of time could potentially worsen the effects of anxiety by competing for attentional resources, thereby increasing anxiety or stress due to inadequate allocation of attentional resources to regulate negative emotions. Recently, Rattat et al. (2018) demonstrated that time flies faster under a situation of time pressure. This may thus create a vicious cycle where anxiety and stress distort the perception of time, leading to a feeling of constrained time and increased stress, which further distorts the perception of time, and so on. Added to this is the need to monitor the progress of the task and if necessary, to change the current strategy with the formulation of a new plan to complete the task on time (Karau & Kelly, 1992; Kelly et al., 1997). Taken together, these effects create loops that drain attentional resources, leading to reduced performance and increased stress.
To sum up, these results suggest that helping children in their temporal processing could increase the attentional resources available to them and therefore increase performance. This phenomenon could be particularly evident in children aged 7 to 9 years, representing a critical period marked by substantial maturation in explicit time judgment abilities (Droit-Volet, 2016; Hallez & Droit-Volet, 2020; Zélanti & Droit-Volet, 2013). In this context, "explicit" refers to tasks wherein the child is explicitly instructed to estimate temporal duration (Coull & Droit-Volet, 2018; Droit-Volet & Coull, 2016). Researchers have empirically established that these age brackets are associated with the development of explicit temporal judgment skills, which exhibit increased precision and reduced variability as they age. Notably, beyond the age of 9-10 years, temporal task performance aligns closely with that of adults. Consequently, our decision to focus on children within this age range is grounded in the understanding that temporal processing at this stage may impose heightened attentional costs in comparison to adults or older cohorts. We assumed that the timer would be a good tool to help children estimate time in an evaluation situation. This tool, a visual timer, displays the remaining time as a diminishing red disc. Researchers have demonstrated its relevance in reducing attention and impulsivity problems in people with attention disorders (Zuckerman et al., 2015; Nagasharmila & Hema, 2022) or other cognitive disorders (Grey et al., 2009; Pelloux, 2024).
In this study, participants will perform a total of three mathematical exams; one with no time constraint (NoT), one with time constraint and an invisible timer (IT) and one with time constraint and a visible timer (TT). We hypothesize that: (1) the evaluation context would be a significant predictor of performance. More particularly, we expected that IT condition would lead to worse performance compared to NoT. In addition, we expected (2) the difference of performance from NoT to IT to be anxiety related, while (3) IT to VT performance would be attention related. Finally, we hypothesized (4) a significant effect of the assessment context on the anxiety scores, with NoT leading to lower anxiety than VT which itself lead to lower anxiety than IT. Given the lack of prior evidence supporting performance differences between NoT and VT, we did not formulate a directional hypothesis. However, we did consider an alternative hypothesis, namely, that significant differences in performance may emerge between NoT and VT. To control for the potential confounding effect of time, we also measured the performance of the NoT condition within a 5-minute window. This would allow us to make a meaningful comparison of performance levels between NoT and VT within a similar time frame, and thus enhance the validity of our conclusions. Finally, we added control measures of memory components (both short-term memory and working memory) as these are strongly related to anxiety.
Method
Transparency and openness
All research data and materials are publicly available via an anonymous Open Science Framework (OSF) link. The link can be accessed by visiting [available at: https://osf.io/mzd3u/?view_only=5ef17a4a09a84c5ab58f9182bae9b488]. The dataset includes six examinations across two levels (two levels x three exams each). Data were analyzed using JASP version 0.17.1. This study’s design and its analysis were not pre-registered. Although the study's design and analysis were not pre-registered, we are commited to enhancing scientific reproducibility and openness by providing detailed accounts of our methodology and data. We report how we determined our sample size, all data exclusions, all manipulations, and all measures in the study.
Participants
We initially recruited 51 children; however two were absent for one of the three assessments, and another did not complete the neuropsychological tests, resulting in a final sample of 49 children (Mage = 7.63, SD = 0.53), including 26 females. All participants were native French speakers. An a priori power analysis conducted with G*power for a repeated measures within-factors design indicated that our sample size of 49 exceeds the required minimum of 43 to detect an effect size of 0.25 with a power of 0.95 (effect size f = 0.25; 1-β = 0.95; Ngroups = 1, Nmeasurements = 3, r = 0.5). The participants were selected in a total of 3 different classes from elementary schools located in Lyon – in the Auvergne-Rhône-Alpes region of France. Two of these classes corresponded to a level 2 Elementary Class and the third, to a level 1 Elementary Class of the French Education system. 15 students belonged to class 1, 19 to class 2 and 15 to class 3. The children’s parents signed written informed consent for participation in this study. The study adhered to the Helsinki Declaration and received approval from (1) the Academic School for Continuing Education at the Lyon Academy, (2) the Department of National Education Services – Lyon, and (3) the national education inspector.
Material
Assessment
For the purposes of the study, we revisited the exercise 7 of the national mathematics assessment administered in September 2022 to all first-year of Elementary Class of the French education system. With the help of teachers, we created two tests of different difficulty levels, each containing 14 multiple-choice calculations and 14 open-ended calculations. Three slightly different versions of the test were then constructed and proposed randomly within the three different evaluation conditions. First and second-year students did not differ significantly between each other for the different tests, assuming that the leveling of the exam was a success (F(1, 45) = 0.07, p = 0.79).
State Test Anxiety questionnaire (STA)
To measure the anxiety experienced by children in evaluative situations, we used the French version (Beaudoin & Descrichard, 2009) of the STA (see Zeidner, 1998 for the original version). This questionnaire has been validated in participants from 15 to 68 years old and revealed good internal consistency in our study for younger participants with a Cronbach Alpha and McDonald’s Omega higher than .70 (α = 0.80; Ѡ = 0.80). The questionnaire consists of 6 items using a 6-point scale ranging from 1 (“not at all”) to 6 (“very much”). 
Selective attention measure
The Sky Search Test was employed to assess selective attention capacities as part of the TEA-Ch subtest (Manly et al., 1999). In this task, children must identify and circle pairs of identical spaceships, with each sheet presenting a total of 20 targets. The initial sheet exclusively features pairs of identical spaceships without any distractors. The second sheet presents 130 pairs of spaceships, comprising five different types, with only 20 pairs being identical. The score is calculated by dividing the number of correct answers by the completion time in seconds for the second sheet, after subtracting the completion time of the first sheet. This test provides insights into the child's selective attention skills while eliminating the influence of motor speed on overall performance. It is important to note that scores are reversed, meaning that lower scores on the test indicate a higher level of selective attention. Additionally, two scores were excluded from the sample as they were identified as outliers on the box and whisker plots.
Working memory measure
[bookmark: _Hlk175642766] This test requires participants to repeat a block-tapping sequence presented by the experimenter in both forward order (short-term memory) and backward order (working memory). The test consists of 8 different block-tapping sequences, ranging from 2 to 9 blocks, with each sequence being tested twice. The handover stops when the participant fails to reproduce the sequence twice in a row on the same level of difficulty. The score corresponds to the total number of correct responses given (1 point per correct response). This test, better known as the Corsi Block Tapping Test, is a validated and widely employed measure of working memory (Corsi, 1972; Kessels et al., 2000).
Time reproduction task
Initially, we aimed to investigate the relationship between errors in temporal perception in children and anticipated performance declines under time pressure without a timer. To achieve this, children were instructed to reproduce the duration of blue-cyan squares of 5 centimeters side, which appeared for 2, 4, or 6 seconds. However, the instructions provided to the children were insufficiently clear, resulting in many children not understanding the task. As some children completed the task once and other twice, and because the instructions differed across participants, we excluded this measure from our experiment. Note that such a motor reproduction task is a common method used when participants, whether children or adults, are asked to estimate an interval (Damsma et al., 2021; Hallez, 2023).
Procedure
Prior to the study, the participants were collectively introduced to the use of a time-timer by their teacher. Mathematics assessment tasks were systematically administered to three subgroups within each class, each subjected to three different contexts: one with no time constraint (NoT), one with time constraint and an invisible timer (IT) and one with time constraint and a visible timer (VT), on three separate mornings within a time interval of one week, at the same time during the morning. The children were randomly assigned to the different conditions, and the order in which they participated was determined by drawing lots. The children were not tested in the same room, so that those without timers could not see timers of others. All watches, clocks and time-indicating devices were taken from the children, ensuring measure time in the timer-free condition. The same oral instructions were given to the children before each assessment. At the beginning of the test, the instructions given orally were as follows: “Today you are going to do a math test. On the first page, find the result of each calculation, then circle it. When you have finished the first page, turn the sheet over: on the second page, find the result of each calculation, then write it down”. Depending on the context, the end of the instruction varied. In the NoT evaluation context, children were informed that the test was not timed, but they were asked orally and explicitly to change pen color after 5 minutes of the test, a detail that would later serve as another control measure. In the IT and VT evaluation contexts, children were informed that a bell would ring after 5 minutes and they should put their pen down, even if they had not finished. In addition, in the VT evaluation context, children were informed that they could see the passing time using the timer displayed on the board. After the instructions and before the test, a measure of state anxiety was taken using adapted STA scales.
During the period between the first and third evaluations, neuropsychological tests (i.e., Sky Search Test; corsi block tapping test and time reproduction task) were carried out individually by a second experimenter. The order of the tests was counterbalanced between the participants.
Context of assessment
The given task was presented as a mathematics assessment without further specifications. In the French educational context, examinations labeled as such carry significance for academic achievement. Indeed, in France, there are established principles for evaluating the achievements of students issued by the French Ministry of National Education (Ministère de l’Éducation Nationale, 2023). In particular, it is required that knowledge acquired be evaluated based on everyday classroom life to observe and evaluate student progress, but that evaluation situations are necessary at certain times. The principle of pedagogical freedom allows each teacher to design these evaluation scenarios as desired. Nonetheless, it is generally observed that evaluations are organized regularly. Thus, the testing conditions mirror those that students commonly experience. 
Statistical analyses
First, correct answers were tallied for each child within each of the three conditions, resulting in three individual scores corresponding to each of the three time-constraints (NoT, IT, VT). Additionally, we aggregated the correct answers of children within the 5-minute timeframe of the NoT condition (as participants were required to change pencil color after 5 minutes). This supplementary calculation aims to explore the efficiency of the children within conditions. Note that additional post-hoc calculations were run on wrong answers.
Calculations were first performed to provide a summary of the data using measures such as means, standard deviations, skewness, and kurtosis. Except for the measures of errors, it was determined that the data for all of our variables (see Table 1) met the assumption of univariate normality. This was evidenced by the fact that the absolute values of skewness and kurtosis were within the range of -2 to +2. In cases where there were violations of sphericity, corrections using the Greenhouse-Geisser method were applied. In addition, all Mauchly’s tests of sphericity were non-significant (p > .05). Together, these preliminary results validate the use of RM ANOVAs associated with the variables of correct answers. The Holm correction was consistently applied, but note that the Bonferroni correction yielded the same results. Greenhouse-Geisser correction was also applied when a sphericity problem occur – which was the case when controlling for the effect of the order of administration of the three assessments. For each ANOVA model, Eta squared (η2), partial Eta square (η2p) were computed to estimate the effect size of changes over evaluation contexts. In addition, to further explore the effects revealed by the ANOVAs, paired t-tests were conducted. Cohen's d were also computed for these pairwise comparisons to estimate the effect size of the changes across contexts.
Insert Table 1 about here
Results
Conditions of assessment and evaluation 
Focus on correct answers
A repeated measures (RM) ANOVA was conducted on the total number of correct answers with one within-subject variable: the evaluative context (NoT, IT, and VT). As illustrated in Figure 1, the ANOVA revealed a main effect of the evaluative context F(1.80, 49) = 4.72, p = 0.01; η2 = 0.09; η2p = 0.09. Additional unilateral t-test confirmed our hypothesis that the IT condition generates lower performance in mathematics (fewer correct answers), compared to the VT condition t(49) = 1.92, p = 0.03, Cohen's d = -0.27, or NoT conditions (t(49) = -3.17, p = 0.001, Cohen's d = -0.45). The difference between NoT and VT did not reach significance, t(49) = 1.23, p = 0.11, Cohen's d = 0.17. Similar results were found when controlling for the order of administration of the evaluations and no main effect of order was obtained.
Focus on correct answers within the 5 minutes frame
From these results, we conducted a similar ANOVA on the children’s mathematical scores within a 5-minute frame (i.e., before children changed colors in the NoT situation) to explore their efficiency. The evaluative context remained a significant predictor of mathematical performance, F (2, 96) = 4.33, p = 0.01; η2 = 0.08; η2p = 0.08. Interestingly, bilateral paired sample t-tests revealed no significant differences between the IV and NoT conditions, t(48) = 1.25, p = 0.22, Cohen’s = 0.18. However, the pairwise comparison between NoT and VT confirmed that the time-constrained situation can enhance cognitive efficiency — at least when children have access to a visible timer t(48) = 2.68, p = 0.01, Cohen’s d = 0.38. The comparison between IT and VT is similar to those previously reported. Similar results were found when controlling for the order of administration evaluation and no main effect of order was obtained.
Insert Figure 2 about here
Focus on wrong answers
Note that we ran additional post-hoc analyses on the total number of wrong answers. Indeed, wrong answers encompass both incorrect responses and the absence of responses. Essentially, while correct answers gauge proficiency, examining wrong answers provides a more nuanced assessment and gives further insights into the children’s cognitive processing. Yet, the variables did not meet the normality required to perform an ANOVA. Consequently, we ran a Friedman test on the wrong answers, considering the within variable of the evaluation conditions. The test did not reveal any significant effects, χ2= 0.24, p = 0.885. 
Focus on wrong answers within the 5-minute frame
It is noteworthy that when comparing the performance of NoT within a 5-minute duration, the effect becomes significant. However, this result could be confounded by the methodology employed. Specifically, in the NoT exam condition, subjects were slower, and consequently, they were unable to complete the more complex exercises. To sum up, although we presented significant effects of the evaluation context on correct answers, the context does not significantly impact errors in our sample.
The temporality of the evaluative contexts and anxiety
[bookmark: _Hlk132822254][bookmark: _Hlk175655662]Following the same logic, a RM-ANOVA was first conducted on the individual STA scores with the within-subject variable of evaluative context. The model confirmed our hypothesis that the evaluative context was a predictor of the STA scores F(1.83, 49) = 3.67, p = 0.03; η2 = 0.07; η2p = 0.07. As expected, additional unilateral t-test confirmed that participant felt higher anxiety under time constraints with an invisible timer, compared to when they have a visible timer to help them t(49) = 2.83, p = 0.003, Cohen’s d = 0.40. Nonetheless, the evaluation without time constraint did not show lower anxiety scores compared to both IT (t(48) = -0.27, p = 0.39) and VT (t(48) = 1.95, p = 0.97). Conversely and despite our hypothesis, the opposite test indicated that children felt less anxiety when the assessment was time-constrained with a visible timer than where they had no time constraints t(49) = 1.95, p = 0.03, Cohen’s d = 0.28.
The effect of the evaluative context on anxiety persists when the within-subject variable of order was added in the RM ANOVAS F(1.88, 49) = 3.47, p = 0.04; η2 = 0.02; η2p = 0.07. The main effect of order did not reach significance F(2, 49) = 0.40, p = 0.67 and the evaluative context × order was not significant F(3.76, 49) = 2.50, p = 0.052. This trend effect relates to a gradual decrease in anxiety as they progress through the different evaluations.
Insert Figure 2 about here
Correlational analysis of performance differences across assessment conditions and neuropsychological scores
All relationships between performance, anxiety differences among evaluative contexts, and cognitive abilities are presented in Table 2 below.
Insert Table 3 about here
To test our third hypothesis, which suggests that the performance drift from IT to VT would be attention related, we conducted a regression analysis to examine the impact of selective attention (independent variable) on performance differences between VT and IT (dependent variable). As expected, a significant relationship was found between performance in the VT and IT conditions and individual attentional capacities. The linear regression model revealed that attentional capacities explained 14% of the performance variance from VT to IT, with coefficients: β = -0.37; t(44) = -2.65; p = 0.01; η2 = 0.07; η2p = 0.14. Contrary to our expectations, the linear regression indicated that using a visible timer in time-constrained evaluations did not aid participants with low attentional abilities. As illustrated in Figure 3, each one-point increase in the sky search test score – which indicated a decrease in selective attention capacities since the test is regressive – corresponded to a 0.37 decrease in the number of correct answers from VT to IT. Note that the effect is in no way altered when controlling for the difference in anxiety between VT and IT (p = 0.01) and anxiety remains non-significant (p < .05).
Insert Figure 4 about here
[bookmark: _Hlk175656744]Furthermore, contrary to our expectations, anxiety did not correlate with the performance difference between VT and IT. However, an intriguing correlation was observed: scores in short-term memory were positively associated with the difference in anxiety levels experienced between the condition without time constraints and the condition under time constraints (r = 0.31, p = .03; r = .37, p = .01). In other words, children with lower visuospatial short-term memory (STM) scores tend to experience higher stress in time-constrained situations compared to situations without time constraints.
Discussion
	The present study aimed to investigate the impact of different temporal assessment contexts on both the mathematical performance and anxiety levels of young children. To achieve this, a group of 49 children aged 7 to 9 years was assessed using mathematical tasks in three different conditions: no time constraint (NoT), time constraint without an invisible timer (IT), and time constraint with a visible timer (VT).
	The present study provides evidence of superior mathematical performance in the absence of time pressure, as compared to the presence of time pressure without a visible timer. In other words, our results show a detrimental effect of time pressure only when children had no tools available to measure time. This finding, which supports our first hypothesis, is consistent with prior research demonstrating that time pressure can have detrimental effects on performance, as evidenced by several studies (Kellogg et al., 1999; Phillips-Wren & Adya, 2020; Rastegary & Landy, 1993; Slobounov et al., 2000; van Harreveld et al., 2006). Yet, to our knowledge, this is the first study to demonstrate such an effect in children as young as 7 years old. 
The explanation typically associated with this phenomenon is that the significant stress generated by time pressure is deleterious to performance. Anxiety is frequently reported in traditional school-based assessment conditions, such as those involving time pressure (Caviolla et al., 2017; McDonald, 2001). According to the Attention Control Theory (Eysenck et al., 2007), stress regulation may involve a certain degree of attentional control, which can affect the availability of attentional resources for other cognitive tasks, such as solving mathematical problems in the context of this experiment. In other words, if an individual is actively managing their stress, they may be less effective in the execution of complex cognitive tasks, as a portion of their attentional resources is being used for stress regulation. However, the present study found no significant difference in anxiety levels among the different assessment contexts. Contrary to our second hypothesis, there was no significant correlation between the decline in individual performance from the NoT to IT contexts and the observed difference in individual anxiety levels between these two situations. 
One explanation for this result is that temporal processing alone may largely account for the decline in performance. This assumption is supported by dual-task studies showing that simultaneous processing of temporal and non-temporal information affects performance in both temporal and non-temporal tasks (for children, see Hallez & Droit-Volet, 2017, 2019; for adults, see Block et al., 2010), reflecting mutual interference, also known as the bidirectional effect. This effect suggests that there are common processes involved in the processing of temporal and non-temporal information. However, while internal clock models, such as the Attentional Gate model (Zakay & Block, 1995) and the Cognitive and Plastic Recurrent Neural Network Clock Model (Hallez et al., 2023), can simulate how attention influences time perception, they cannot predict the bidirectional effect because they are designed solely for temporal processing. Instead, the phenomenon was illustrated in Baddeley and Hitch's (1974) working memory model. This model posits that a central executive with limited capacity manages attentional resources across different types of information. Therefore, when both temporal and non-temporal information must be processed, they may compete for the same pool of attentional resources managed by the central executive. Thus, shared mechanisms for the processing of temporal and non-temporal information are limited to general attention mechanisms. This interpretation aligns with our study’s results, which showed lower performance in the time constraint situation where both temporal and non-temporal information had to be processed (i.e., IT condition) compared to contexts where the processing of temporal information was less salient (VT and NoT). This result validates our third hypothesis and suggests that the diminished performance in the IT condition is linked to the processing of temporal information, which is attention-demanding.
The role of attention as an explanatory factor is also consistent with the absence of significant differences between NoT and VT. Indeed, our study revealed that temporal constraint impairs performance only when young children lack an appropriate tool for measuring time. Thus, equipping children with time management tools can mitigate the negative effects of temporal constraints and prove beneficial. Moreover, as there was no significant difference in performance between NoT and VT, and VT performance was faster, we can conclude that efficiency increases without compromising performance. Supporting this assumption, additional analyses of performance on NoT after 5 minutes revealed significantly higher performance on VT than on NoT at the same time point (i.e., before the color change). It can therefore be concluded that a visible timer can enhance cognitive efficiency without compromising performance in examination settings.
Therefore, it now remains to explain the nature of the mechanism behind this increase in efficiency within the VT condition. Contrary to our fourth hypothesis, participants reported significantly lower levels of anxiety when using the timer compared to when no temporal constraints were present. One possible explanation for these results comes from recent research on the relationship between time management and anxiety. Ghiasvand and his colleagues (2017) demonstrated a significant negative correlation between time management skills and state/trait anxiety among students. In other words, higher time management skills are associated with lower levels of reported anxiety (also see Kaya et al., 2012). Similarly, Wang and Wang (2018) showed that time management training has a positive effect on reducing anxiety. Therefore, it is possible that the use of the timer allowed for better organization, which in turn allowed participants to better understand the task at hand. The temporal cues provided by the VT may have given the children a clear and well-defined structure of the expectations and temporal flow of the task, thereby reducing their levels of anxiety.
Regarding the decline in performance from VT to IT, three key factors could explain this: temporal information processing, stress management and time management. This hypothesis is supported by the observation that participants experienced higher levels of anxiety when under time constraints without the use of a timer compared to when using one. Additionally, the correlation between performance differences from VT to IT and selective attention abilities suggests that the underlying mechanism influencing this disparity is related to attentional control. In our study, the increase in performance from IT to VT was more significant as participants had higher selective attention scores. It should be noted that the selective attention score is inversely related, meaning higher scores indicate reduced attentional abilities. In other words, the timer seems less beneficial for participants with lower selective attention scores. Since selective attention is crucial for a child’s ability to ignore irrelevant stimuli, the timer may distract those with weaker selective attention skills, potentially disrupting the mechanisms that facilitate performance improvement. Nevertheless, it is challenging to take a position on any of the three explanatory mechanisms since all appear to be closely related to attentional control and might even be strongly related to each other.
Regarding the neuropsychological tests, it is noteworthy that the variable of short-term memory is significantly related to anxiety modulation. Specifically, children show higher perceived stress in time constraint situations compared to NoT as their visuospatial short-term memory (STM) scores are low. The effect of STM storage deficits and anxiety is not new and has already been found and discussed in the literature (Finell et al., 2022; Lapointe et al., 2013). Authors stated that, to effectively store and retrieve information in short-term memory, individuals need to be able to selectively focus on and retain relevant information while inhibiting irrelevant information through attentional control (Broadbent, 1958; Lacheter et al., 2004; Van Moorselaar & Slagter, 2020). Since short-term memory is capacity-limited, it depends on attentional control to determine which information is encoded and maintained in memory. Note that such relationship between STM and anxiety has also been well discussed in the field of personality psychology, with many studies showing that anxious individuals may have a distinct cognitive profile that includes deficits in STM (Eysenck, 1979; Eysenck et al., 2005; Hayes et al., 2008). Thus, within a context of time constraint, this could exacerbate pressure on short-term memory due to increased demands to manage information related to time, anxiety or strategies to endure over time. This can be especially challenging for children who have lower short-term memory capacity (Schneider & Pressley, 2013), as they may struggle to keep up with the demands of the task and may feel overwhelmed or stressed as a result. 
Finally, we observed that the different temporal assessment conditions did not influence error rates. This finding seems to contradict studies indicating that time constraints in mathematical or problem-solving scenarios can increase errors by fostering the likelihood of choosing inappropriate strategies for the task. This discrepancy may be attributed to the children's lack of experience with stringent time constraints for task completion. At school, at least for young age pupils, strategies often involve giving a sufficiently large time window for everyone to finish, with those who finish early either engaging in another activity or helping those who finish later. This approach can help to ensure that all students are given enough time to complete tasks and can also promote cooperation and collaboration among classmates. Time constraints, such as real difficulties children faced in completing tasks within impatient deadlines in our study, may arise later. This might explain the absence of strategy modulation due to the task conditions and thus the lack of influence of assessment conditions on errors rates. Investigating the impact of temporal processing in assessment among older individuals would be highly relevant in the future to determine if time constraints with timers are equally beneficial for older demographics. 
In this study conducted in France, it's crucial to acknowledge inherent limitations regarding the generalizability of our findings. Recognizing cultural variations in norms, values, and societal structures is essential, as similar experiments in different cultural settings may yield different outcomes. Caution is warranted when extrapolating our results to diverse cultural backgrounds. While the theoretical foundations may have broader applicability, interpreting specific findings in other cultural contexts requires care. Enhancing generalizability could involve future research in cross-cultural comparisons or replicating the study in various cultural settings. Moreover, subsequent investigations should examine the impact across different age groups. It would be intriguing to scrutinize whether the interference effect diminishes as explicit temporal judgment abilities develop and to explore whether it persists even in children beyond the age of 10, extending the analysis to adults whose explicit temporal processing abilities have reached maturity. Furthermore, the mathematical exercises were designed to match the expected challenge level for children of this age, based on the National Mathematics Assessment administered to first-year elementary school students in the French education system. Looking ahead, it would be valuable to investigate the impact of tasks that are either more challenging or easier, especially among subjects who are experts and have developed automaticity in their abilities. Further studies are thus needed to validate these findings across diverse populations and settings.
To conclude, our findings suggest that incorporating time constraints along with the use of time-management tools can mitigate the cognitive cost of temporal processing inherent in a time-limited task, reduce perceived stress, and potentially facilitate time management and planning strategies. Given the results of this study, it would be useful for future research to better understand the effects of temporal processing and stress resulting from time constraints. This issue is fundamental in educational settings where time constraints are commonplace, such as in standardized testing, and could have significant implications for educational practices.





Figure caption: 
Figure 1: Illustration of the pacemaker-accumulator model proposed by Gibbon, Church, and Meck in 1984
Figure 2: Graphic representation of the number of correct answers according to the evaluative context; with no time constraint (NoT), with time constraint with an invisible timer (IT), with time constraint with a visible timer (VT).
Figure 3: Graphic representation of the STA scores plotted against the evaluative context; with no time constraint (NoT), with time constraint with an invisible timer (IT), with time constraint with a visible timer (VT).
Figure 4: VT-IT performances plotted against selective attention scores.

Authors note: All research data and materials are publicly available via an anonymous Open Science Framework (OSF) link. The link can be accessed by visiting [https://osf.io/mzd3u/?view_only=5ef17a4a09a84c5ab58f9182bae9b488]. The materials available include the 6 different exams (2 levels x 3 exams). Data were analyzed using JASP v 0.17.1. This study’s design and its analysis were not pre-registered. Although the study's design and analysis were not pre-registered, we aim to promote scientific reproducibility and openness by providing a transparent account of our methodology and data. We report how we determined our sample size, all data exclusions, all manipulations, and all measures in the study.
Declaration of interest: The authors report there are no competing interests to declare.
Contributions: Author 1 conceived the present experiment, designed the study, and conducted the statistical analysis of the results. Both Author 1 and 2 contributed to data collection and manuscript writing. Author 1 was primarily responsible for drafting the manuscript, while Author 2 critically contributed to the discussion section. Overall, Authors’ collaboration was essential for the successful completion of this research project.


References:
Aban, A.K., & Fontanil, L.L. (2015). Maintaining Students’ Involvement in a Math Lecture Using Countdown Timers. http://www.apjmr.com/wp-content/uploads/2015/12/APJMR-2015-3.5.1.01.pdf
Arsenault, A., & Dolan, S. (1983). The role of personality, occupation and organization in understanding the relationship between job stress, performance and absenteeism. Journal of Occupational Psychology, 56(3), 227–240. https://doi.org/10.1111/j.2044-8325.1983.tb00130.x
Baddeley, A. D., & Hitch, G. (1974). Working memory. In Psychology of learning and motivation (Vol. 8, pp. 47-89). Academic press.
Baer, M., & Oldham, G. R. (2006). The curvilinear relation between experienced creative time pressure and creativity: moderating effects of openness to experience and support for creativity. Journal of Applied psychology, 91(4), 963. https://doi.org/10.1037/0021-9010.91.4.963 
Bass, B. M., Avolio, B. J., Jung, D. I., & Berson, Y. (2008). Predicting unit performance by assessing transformational and transactional leadership. Journal of Applied Psychology, 88(2),207–218. https://doi.org/10.1037/0021-9010.88.2.207 
Baumeister, R. F., Bratslavsky, E., Muraven, M., & Tice, D. M. (1998). Ego depletion: Is the active self a limited resource?. Journal of personality and social psychology, 74(5), 1252. https://doi.org/10.1037/0022-3514.74.5.1252 
Beaudoin, M., & Desrichard, O. (2009). Validation of a short French state test worry and emotionality scale. Revue internationale de psychologie sociale, 22(1), 79-105.
Beilock, S. L., & Carr, T. H. (2005). When high-powered people fail: Working memory and “choking under pressure” in math. Psychological science, 16(2), 101-105.
Beilock, S. L., Kulp, C. A., Holt, L. E., & Carr, T. H. (2004). More on the fragility of performance: choking under pressure in mathematical problem solving. Journal of Experimental Psychology: General, 133(4), 584.
Block, R. A., Hancock, P. A., & Zakay, D. (2010). How cognitive load affects duration judgments: A meta-analytic review. Acta psychologica, 134(3), 330-343. https://doi.org/10.1016/j.actpsy.2010.03.004 
Broadbent, D. E. (1958). Perception and Communication. Elmsford, NY: Pergamon Press. https://doi:10.1037/10037-000 
Buchner, J., Buntins, K., & Kerres, M. (2022). The impact of augmented reality on cognitive load and performance: A systematic review. Journal of Computer Assisted Learning, 38(1), 285-303. https://doi.org/10.1111/jcal.12617 
Byron, K., Khazanchi, S., & Nazarian, D. (2010). The relationship between stressors and creativity: a meta-analysis examining competing theoretical models. Journal of Applied Psychology, 95(1), 201. https://doi.org/10.1037/a0017868 
Caviola, S., Carey, E., Mammarella, I. C., & Szucs, D. (2017). Stress, time pressure, strategy selection and math anxiety in mathematics: A review of the literature. Frontiers in Psychology, 8, 1488. https://doi.org/10.3389/fpsyg.2017.01488 
Church, R. M. (1980). Short-term memory for time intervals. Learning and Motivation, 11(2), 208–219. https://doi.org/10.1016/0023-9690(80)90013-2 
Coull, J. T., & Droit-Volet, S. (2018). Explicit understanding of duration develops implicitly through action. Trends in Cognitive Sciences, 22(10), 923–937. https://doi.org/10.1016/j.tics.2018.07.011
Damsma, A., Schlichting, N., van Rijn, H., & Roseboom, W. (2021). Estimating time: Comparing the accuracy of estimation methods for interval timing. Collabra: Psychology, 7(1), 21422.
Daviu, N., Bruchas, M. R., Moghaddam, B., Sandi, C., & Beyeler, A. (2019). Neurobiological links between stress and anxiety. Neurobiology of stress, 11, 100191.
De Paola, M., & Gioia, F. (2016). Who performs better under time pressure? Results from a field experiment. Journal of Economic Psychology, 53, 37–53. https://doi.org/10.1016/j.joep.2015.12.002 
Droit-Volet, S., & Coull, J. T. (2016). Distinct developmental trajectories for explicit and implicit timing. Journal of experimental child psychology, 150, 141–154. https://doi.org/10.1016/j.jecp.2016.05.010
Endler, N. S., & Kocovski, N. L. (2001). State and trait anxiety revisited. Journal of Anxiety Disorders, 15(3), 231–245. https://doi.org/10.1016/s0887-6185(01)00060-3 
Eysenck, M. W. (1979). Anxiety, learning, and memory: A reconceptualization. Journal of Research in Personality, 13(4), 363–385. https://doi.org/10.1016/0092-6566(79)90001-1
Eysenck, M. W., Payne, S., & Derakshan, N. (2005). Trait anxiety, visuospatial processing, and working memory. Cognition and Emotion, 19(8), 1214–1228. https://doi.org/10.1080/02699930500260245
Eysenck, M. W., Derakshan, N., Santos, R., & Calvo, M. G. (2007). Anxiety and cognitive performance: attentional control theory. Emotion, 7(2), 336. https://doi.org/10.1037/1528-3542.7.2.336
Finell, J., Sammallahti, E., Korhonen, J., Eklöf, H., & Jonsson, B. (2022). Working Memory and its mediating role on the relationship of math anxiety and math performance: A meta-analysis. Frontiers in Psychology, 12, 798090. https://doi.org/10.3389/fpsyg.2021.798090 
Fortin, C., & Schweickert, R. (2016). Timing, working memory, and expectancy: A review of interference studies. Current Opinion in Behavioral Sciences, 8, 67–72. https://doi.org/10.1016/j.cobeha.2016.01.016 
Fortin, C., Rousseau, R., Bourque, P., & Kirouac, E. (1993). Time estimation and concurrent nontemporal processing: Specific interference from short-term-memory demands. Perception & Psychophysics, 53(5), 536–548. https://doi.org/10.3758/BF03205202 
Ghiasvand, A. M., Naderi, M., Tafreshi, M. Z., Ahmadi, F., & Hosseini, M. (2017). Relationship between time management skills and anxiety and academic motivation of nursing students in Tehran. Electronic physician, 9(1), 3678–3684. https://doi.org/10.19082/3678 
Gibbon, J., Church, R. M., & Meck, W. H. (1984). Scalar timing in memory. Annals of the New York Academy of sciences, 423(1), 52-77. https://doi.org/10.1111/j.1749-6632.1984.tb23417.x 
Gray, R. (2020). Attentional theories of choking under pressure revisited. Handbook of sport psychology, 595-610. https://doi.org/10.1002/9781119568124.ch28
Grey, I., Healy, O., Leader, G., & Hayes, D. (2009). Using a Timer™ to increase appropriate waiting behavior in a child with developmental disabilities. Research in Developmental Disabilities, 30(2), 359-366. https://doi.org/10.1016/j.ridd.2008.05.003 
Hallez, Q. (2023). Comparing the Accuracy of Motor Reproduction and Timeline Estimation Methods for Interval Timing in Children. Timing & Time Perception, 1(aop), 1-11.
Hallez, Q., & Droit-Volet, S. (2017). High levels of time contraction in young children in dual tasks are related to their limited attention capacities. Journal of Experimental Child Psychology, 161, 148-160. https://doi.org/10.1016/j.jecp.2017.04.004 
Hallez, Q., & Droit-Volet, S. (2019). Timing in a dual-task in children and adults: when the interference effect is higher with concurrent non-temporal than temporal information. Journal of Cognitive Psychology, 31(1), 34-48. https://doi.org/10.1080/20445911.2019.1628779 
Hallez, Q., Mermillod, M., & Droit-Volet, S. (2023). Cognitive and plastic recurrent neural network clock model for the judgment of time and its variations. Scientific Reports, 13(1), 3852. https://doi.org/10.1038/s41598-023-30894-4 
Hallez, Q., Monier, F., & Droit-Volet, S. (2021). Simultaneous time processing in children and adults: When attention predicts temporal interference effects. Journal of Experimental Child Psychology, 210, 105209. https://doi.org/10.1016/j.jecp.2021.105209 
Hancock, P. A. (1989). A dynamic model of stress and sustained attention. Human factors, 31(5), 519-537. https://doi.org/10.1177/001872088903100502 
Harris, D. J., Arthur, T., Vine, S. J., Rahman, H. R. A., Liu, J., Han, F., & Wilson, M. R. (2023a). The effect of performance pressure and error-feedback on anxiety and performance in an interceptive task. Frontiers in Psychology, 14, 1182269.
Harris, D. J., Wilkinson, S., & Ellmers, T. J. (2023b). From fear of falling to choking under pressure: a predictive processing perspective of disrupted motor control under anxiety. Neuroscience & Biobehavioral Reviews, 148, 105115.
‌Hu, Y., Wang, D., Pang, K., Xu, G., & Guo, J. (2014). The effect of emotion and time pressure on risk decision-making. Journal of Risk Research, 18(5), 637–650. https://doi.org/10.1080/13669877.2014.910688 
IBM SPSS. (2019). IBM SPSS software Version 26. IBM Press.
Irwin-Chase, H., & Burns, B. (2000). Developmental Changes in Children’s Abilities to Share and Allocate Attention in a Dual Task. Journal of Experimental Child Psychology, 77(1), 61–85. https://doi.org/10.1006/jecp.1999.2557   
Ivry, R. B., & Schlerf, J. E. (2008). Dedicated and intrinsic models of time perception. Trends in Cognitive Sciences, 12(7), 273–280. https://doi.org/10.1016/j.tics.2008.04.00 
Johnston, W. A., & Dark, V. J. (1986). Selective attention. Annual review of psychology, 37(1), 43-75. https://doi.org/10.1146/annurev.ps.37.020186.000355 
Karau, S. J., & Kelly, J. R. (1992). The effects of time scarcity and time abundance on group performance quality and interaction process. Journal of experimental social psychology, 28(6), 542-571. https://doi.org/10.1016/0022-1031(92)90035-U
Karimi, A., & Venkatesan, S. (2009). Mathematics Anxiety, Mathematics Performance and Academic Hardiness in High School Students. International Journal of Educational Sciences, 1(1), 33–37. https://doi.org/10.1080/09751122.2009.11889973 
Kaya, H., Kaya, N., Palloş, A. Ö., & Küçük, L. (2012). Assessing time-management skills in terms of age, gender, and anxiety levels: A study on nursing and midwifery students in Turkey. Nurse Education in Practice, 12(5), 284–288. https://doi.org/10.1016/j.nepr.2012.06.002 
Kellogg, J. S., Hopko, D. R., & Ashcraft, M. H. (1999). The effects of time pressure on arithmetic performance. Journal of Anxiety disorders, 13(6), 591-600. https://doi.org/10.1016/S0887-6185(99)00015-7 
Kelly, J. R., Jackson, J. W., & Hutson-Comeaux, S. L. (1997). The effects of time pressure and task differences on influence modes and accuracy in decision-making groups. Personality and Social Psychology Bulletin, 23(1), 10-22. https://doi.org/10.1177/0146167297231002 
Kessels, R. P., Van Zandvoort, M. J., Postma, A., Kappelle, L. J., & De Haan, E. H. (2000). The Corsi block-tapping task: standardization and normative data. Applied neuropsychology, 7(4), 252-258.
Kim, H. Y. Statistical notes for clinical researchers: Assessing normal distribution using skewness and kurtosis. (2013). Restor.Dent.Endodont. 38(1), 52–54. https://doi.org/10.5395/rde.2013.38.1.52 
Lachter, J., Forster, K. I., & Ruthruff, E. (2004). Forty-five years after Broadbent (1958): still no identification without attention. Psychological review, 111(4), 880.
Lapointe, M. L. B., Blanchette, I., Duclos, M., Langlois, F., Provencher, M. D., & Tremblay, S. (2013). Attentional bias, distractibility and short-term memory in anxiety. Anxiety, Stress & Coping, 26(3), 293-313. https://doi.org/10.1080/10615806.2012.687722 
Manly, T., Robertson, I.H., Anderson, V., & NimmoSmith, I. (1999). TEA-Ch: The Test of Everyday Attention for Children Manual. Bury St. Edmunds, UK: Thames Valley Test Company Limited.
‌Matenga, A., Crow, T., Walmsley, M., Luxton-Reilly, A., & Wünsche, B. C. (2018). Evaluation of the Implementation of a Timer in Gamified Programming Exercises. https://doi.org/10.1109/latice.2018.000-9 
McDonald, A. S. (2001). The Prevalence and Effects of Test Anxiety in School Children. Educational Psychology, 21(1), 89–101. https://doi.org/10.1080/01443410020019867 
Ministère de l’Éducation nationale. (2023). Modalités d'évaluation des acquis scolaires des élèves. https://eduscol.education.fr/141/modalites-d-evaluation-des-acquis-scolaires-des-eleves
Misra, R., & McKean, M. (2000). College students' academic stress and its relation to their anxiety, time management, and leisure satisfaction. American journal of Health studies, 16(1), 41.
Muraven, M., Tice, D. M., & Baumeister, R. F. (1998). Self-control as a limited resource: Regulatory depletion patterns. Journal of personality and social psychology, 74(3), 774. https://doi.org/10.1037/0022-3514.74.3.774 
Nagasharmila, P., & Hema, G. (2022). ICT Tools for Children with ADHD. Emerging Trends of ICT in Teaching and Learning.
Namkung, J. M., Peng, P., & Lin, X. (2019). The Relation Between Mathematics Anxiety and Mathematics Performance Among School-Aged Students: A Meta-Analysis. Review of Educational Research, 89(3), 459–496. https://doi.org/10.3102/0034654319843494 
Nejati, V., & Yazdani, S. (2020). Time perception in children with attention deficit–hyperactivity disorder (ADHD): Does task matter? A meta-analysis study. Child Neuropsychology, 26(7), 900-916.  https://doi.org/10.1080/09297049.2019.1592037 
Nobre, A. C., Nobre, K., & Coull, J. T. (Eds.). (2010). Attention and time. Oxford University Press, USA.
Olipas, C. N. P., & Luciano, R. G. (2020). Understanding the Impact of Using Countdown Timer on the Academic Motivation and Computer Programming Anxiety of IT Students: The Case of a State University in the Philippines. In ERIC (Vol. 9). https://eric.ed.gov/?id=ED622605 
Orfus, S. (2008). The effect test anxiety and time pressure on performance. The Huron University College Journal of Learning and Motivation, 46(1).
Passolunghi, M. C., Caviola, S., De Agostini, R., Perin, C., & Mammarella, I. C. (2016). Mathematics Anxiety, Working Memory, and Mathematics Performance in Secondary-School Children. Frontiers in Psychology, 7, 1-8. https://doi.org/10.3389/fpsyg.2016.00042 
Pawar, N. M., & Velaga, N. R. (2020). Modelling the influence of time pressure on reaction time of drivers. Transportation research part F: traffic psychology and behaviour, 72, 1-22. https://doi.org/10.1016/j.trf.2020.04.017 
Pelloux, A. S. (2024). Une question de temps pour l’autisme?. Enfances & Psy, 100(2), 77-90. https://doi.org/10.3917/ep.100.0077
Phillips-Wren, G., & Adya, M. (2020). Decision making under stress: The role of information overload, time pressure, complexity, and uncertainty. Journal of decision systems, 29(sup1), 213-225. https://doi.org/10.1080/12460125.2020.1768680 
Rastegary, H., & Landy, F. J. (1993). The interactions among time urgency, uncertainty, and time pressure. Time pressure and stress in human judgment and decision making, 217-239. https://doi.org/10.1007/978-1-4757-6846-6_15 
Rattat, A. C., & Droit-Volet, S. (2010). The effects of interference and retention delay on temporal generalization performance. Attention, Perception, & Psychophysics, 72(7), 1903-1912. https://doi.org/10.3758/APP.72.7.1903 
Rattat, A. C., Matha, P., & Cegarra, J. (2018). Time flies faster under time pressure. Acta psychologica, 185, 81-86. https://doi.org/10.1016/j.actpsy.2018.03.002 
Saviola, F., Pappaianni, E., Monti, A., Grecucci, A., Jovicich, J., & De Pisapia, N. (2020). Trait and state anxiety are mapped differently in the human brain. Scientific reports, 10(1), 1-11. https://doi.org/10.1038/s41598-020-68008-z 
Schneider, W., & Pressley, M. (2013). Memory development between two and twenty. Psychology Press.
Slobounov, S. M., Fukada, K., Simon, R., Rearick, M., & Ray, W. (2000). Neurophysiological and behavioral indices of time pressure effects on visuomotor task performance. Cognitive Brain Research, 9(3), 287-298. https://doi.org/10.1016/S0926-6410(00)00021-5 
Spetch, M. L., & Wilkie, D. M. (1983). Subjective shortening: A model of pigeons' memory for event duration. Journal of Experimental Psychology: Animal Behavior Processes, 9(1), 14–30. doi:10.1037/0097-7403.9.1.14
Stojić, S., Topić, V., & Nadasdy, Z. (2023). Children and adults rely on different heuristics for estimation of durations. Scientific Reports, 13(1), 1077. https://doi.org/10.1038/s41598-023-27419-4
Taatgen, N. A., Van Rijn, H., & Anderson, J. (2007). An integrated theory of prospective time interval estimation: the role of cognition, attention, and learning. Psychological review, 114(3), 577. doi:10.1037/0033-295X.114.3.577 
‌Treffers, T., Klarner, P., & Huy, Q. N. (2019). Emotions, time, and strategy: The effects of happiness and sadness on strategic decision-making under time constraints. Long Range Treisman, A. M. (1964). Selective attention in man. British medical bulletin.
van Harreveld, F., Wagenmakers, E. J., & Van Der Maas, H. L. (2007). The effects of time pressure on chess skill: an investigation into fast and slow processes underlying expert performance. Psychological research, 71, 591-597. https://doi.org/10.1007/s00426-006-0078-8 
Van Moorselaar, D., & Slagter, H. A. (2020). Inhibition in selective attention. Annals of the New York Academy of Sciences, 1464(1), 204-221.
Van Zyl, L. E., Arijs, D., Cole, M., Gli ́nska-Newe, ́s, A., Lara, C.,Rothmann, S., et al. (2021). The strengths use scale: psychometric properties, longitudinal invariance and criterion validity. Frontiers in Psychology, 12, 2135. https://doi.org/10.3389/fpsyg.2021.766320 
Vohs, K. D., & Heatherton, T. F. (2000). Self-regulatory failure: A resource-depletion approach. Psychological Science, 11(3), 249-254. https://doi.org/10.1111/1467-9280.00250 
von Bastian, C. C., Blais, C., Brewer, G., Gyurkovics, M., Hedge, C., Kałamała, P., ... & Wiemers, E. (2020). Advancing the understanding of individual differences in attentional control: Theoretical, methodological, and analytical considerations. PsyArXiv. https://doi.org/10.31234/osf.io/x3b9k 
von der Embse, N., Jester, D., Roy, D., & Post, J. (2018). Test anxiety effects, predictors, and correlates: A 30-year meta-analytic review. Journal of Affective Disorders, 227, 483–493. https://doi.org/10.1016/j.jad.2017.11.048 
Wang, P., & Wang, X. (2018). Effect of Time Management Training on Anxiety, Depression, and Sleep Quality. Iranian journal of public health, 47(12), 1822–1831.
Westman, M., & Eden, D. (1996). The inverted-U relationship between stress and performance: A field study. Work & Stress, 10(2), 165-173.
Zakay, D. (1992). The role of attention in children's time perception. Journal of experimental child psychology, 54(3), 355-371. https://doi.org/10.1016/0022-0965(92)90031-H 
Zakay, D., & Block, R. A. (1995). An attentional-gate model of prospective time estimation. Time and the dynamic control of behavior, 5, 167-178.
Zakay, D., & Block, R. A. (1996). The role of attention in time estimation processes. In Advances in psychology (Vol. 115, pp. 143-164). North-Holland. https://doi.org/10.1016/S0166-4115(96)80009-7 
Zeidner, M. (1998). Test anxiety: The state of the art. Plenum Press.
Zivnuska, S., Kiewitz, C., Hochwarter, W. A., Perrewé, P. L., & Zellars, K. L. (2002). What is too much or too little? The curvilinear effects of job tension on turnover intent, value attainment, and job satisfaction. Journal of Applied Social Psychology, 32(7), 1344-1360. https://doi.org/10.1111/1467-9280.00250 
Zuckerman, O., Gal-Oz, A., Tamir, N., & Kopelman-Rubin, D. (2015, June). Initial validation of an assistive technology to enhance executive functioning among children with ADHD. In Proceedings of the 14th international conference on interaction design and children (pp. 299-302). https://doi.org/10.1145/2771839.2771875 
2

image2.png




image1.png




