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Abstract

Studies have presented data regarding the effects of short-term (weeks) and long-term (one

year) use of standing desks in classrooms on children’s health, cognition, and musculoskel-

etal symptoms. However, no previous study has examined such effects in an extremely

short-term period such as one classroom lesson. This study aimed to examine the effects of

using standing desks for 45 minutes on elementary school students’ stress and executive

function. For this experiment, 56 students were recruited from public elementary schools in

Setagayaku, Tokyo, Japan. There were three conditions involving the use of standing desks

(standing, sitting, and mixed), and all students performed tasks for 45 minutes in each condi-

tion. Measurements of stress and executive function were performed before and after the

students engaged with each condition. Stress levels did not differ between the sitting and

standing conditions for the full 45 minutes. The number of correct answers in the Stroop

test, an interference task, was higher in the standing and mixed conditions (switching

between standing and sitting) than in the sitting condition (interaction: F(1,37) = 3.340, p =

0.04, η2 = 0.05). These results indicate that using standing desks for 45 minutes improved

the ‘inhibition’ of executive function without excessively increasing stress levels.

Introduction

It is well known that sedentary behaviour (sitting, lying, reclining, and expending� 1.5 meta-

bolic equivalents) has an adverse influence on health [1–3]. In children, it has been frequently

reported that excessive sedentary behaviour relates to physical and/or mental impairment [4–

6]. Movement is important for healthy growth and development [3], and schools are generally

tasked with promoting children’s health; however, in classrooms, where children spend a great

deal of their waking hours, students are seated 50–70% of the time [7–10]. Nevertheless, physi-

cal activity at school can be increased by changing the environment [11].

Changing traditional classrooms into environments that encourage active behaviours can

help ensure that students move regularly during lessons. Previous studies have sought to iden-

tify methods of increasing movement and reducing sedentary behaviour in classrooms by
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determining the efficacy of replacing traditional desks with standing desks [12]. Although

another study found no increase in physical activity with introduction of standing desks [13],

such studies on sedentary behaviour have involved before-and-after comparisons of associated

physical activity, with examination periods ranging from weeks to months [14]. One study

reported that the introduction of height-adjustable standing desks decreased sitting time dur-

ing school time, and no compensatory increases in sedentary behaviour occurred during non-

school time in the intervention class [15]. Meanwhile, another study reported that this measure

improved executive function related to academic performance [16]. In addition, the introduc-

tion of standing desks in the classroom for three weeks or three months has been found to

have no adverse effects on musculoskeletal symptoms and sleep quality [17–19]. Some

researchers have suggested that the observed benefits of standing desks are solely attributable

to the novelty of using these desks; however, Parry et al. [20] indicated that the effects outlast

any sense of novelty. Parry et al. [20] also reported that using a standing desk for the entire

school year is, along with increased standing time and reduced sitting time, less likely to

induce discomfort in the neck and shoulders.

The current body of literature regarding this topic includes data regarding the short-term

[17], mid-term [19], and long-term [20] effects of using standing desks in classrooms on physi-

cal activity, executive function, musculoskeletal symptoms, and sleep. However, despite these

findings, standing desks remain largely absent from schools. Investigations have been con-

ducted for periods of weeks, months, and one year among elementary school students, but to

date no studies have examined the effects of using standing desks for one class period. Teach-

ers want not only to improve children’s potential (e.g., academic performance and executive

function), but also to appropriately manage their classes [21]. Many teachers are not interested

in how the introduction of standing desks will impact children in the distant future but are

interested in how it will impact those who will participate in the class tomorrow. Demonstrat-

ing that the use of a standing desk for an extremely short-term period would not adversely

affect stress, but might improve executive function, which refers to the group of cognitive pro-

cesses that guide human behaviour, would be an important finding for teachers. The current

study aimed to examine the effects on stress and executive function of elementary school stu-

dents using standing desks for 45 minutes.

Materials and methods

Study design and equipment

This study was conducted in the laboratory between July and August in both 2017 and 2018

during school summer vacation, using a repeated-measures within-subject counter-balanced

design. The height-adjustable standing desk used in this study was the ‘Stafit’ (Okamura Cor-

poration Japan; Fig 1). This standing desk could be easily fixed at any height between 72.5 cm

and 102.5 cm. A chair without adjustable height was used with the desk. Each participant was

assigned a standing desk, and three conditions regarding the use of the standing desks were

introduced, each comprising a 45-minute period. The first involved working on a task while

standing for the full 45 minutes (standing condition); the second involved working on a task

while sitting for the full 45 minutes (sitting condition); and the third involved working on a

task while switching between standing and sitting every 10 minutes (mixed condition). In this

latter condition, participants could freely choose to stand or sit for the final five minutes of the

45-minute session. The participants performed the experiment over three non-consecutive

days, participating in a different condition each day. In all conditions, the task performed by

the children constituted completing their summer vacation homework. In Japan, workbook is

often provided by the school as a summer vacation homework, which includes answering
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questions about science and social studies, writing Chinese characters repeatedly, and solving

numerical calculation drills. The drills are organised in booklets and handouts. The homework

must be submitted to the homeroom teacher at the end of summer vacation. Most participants

performed drill-based homework involving mathematics or language. The homework subjects

differed between participants; however, since the participants attended public schools in the

same district, no significant differences in the format or difficulty of the homework were

found. No participants worked on creative activities such as painting. Measurements of stress

and executive function were performed right before and after each condition (Fig 2).

Participants

Participants were recruited from public elementary schools (4th–6th grades, 9–12 years old) in

Setagayaku, Tokyo, Japan, using flyers describing the outline of this study. For the 2017

research, the participant sample comprised 26 children. Here, data for 18 children (ten boys

and eight girls) were analysed, as two children who could not participate in all elements of the

research and six children who provided missing data were excluded. For the 2018 research, the

Fig 1. Example of the standing desk used in this research.

https://doi.org/10.1371/journal.pone.0272035.g001
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participant sample comprised 30 children. Here, data for 25 children (14 boys and 11 girls)

were analysed, as three children who could not participate in all elements of the research and

two children who provided missing data were excluded. All participants were healthy, without

any specified illness or disability. Of these, ten participated in both the 2017 and 2018 research,

with data from 5 of the 10 participants included within this analysis. This study was conducted

in accordance with the Declaration of Helsinki, and the Ethics Review Committee of Nippon

Sport Science University (approval no. 017 –H50) approved the study protocol; further, the

study was conducted after the students’ parents provided written informed consent. In addi-

tion, before commencing the study, we explained to the students and their parents the purpose

and contents of the research, that participation was voluntary and could be discontinued at

any time, and that their privacy would be protected. Accordingly, the parents confirmed their

consent by submitting signed consent forms.

Measurements

Stress. There are two systems that elevate substances in saliva in response to physical and

mental stress: the sympathetic nervous-adrenal medullary system and the hypothalamic-pitui-

tary-adrenocortical system [22]. The sympathetic nervous-adrenal medullary response

increases concentrations of amylase and chromogranin A, and the hypothalamic-pituitary-

adrenocortical system response increases concentrations of cortisol [22]. All these markers are

responsive to acute stress. In this study, concentrations of amylase, chromogranin A (to mea-

sure the nervous-adrenal medullary response), and cortisol (to measure hypothalamic-pitui-

tary-adrenocortical system response) were measured in the participants’ saliva before and after

they performed the 45-minute tasks. Saliva was collected using a saliva sampler (Salivette1,

Sarstedt Ltd., Nümbrecht, Germany), for which participants were instructed to masticate spe-

cialised cotton for 30 seconds to one minute. Analysis of the saliva was performed by a profes-

sional vendor (SRL Co., Japan). These measurements were conducted only on the 2017

sample.

Fig 2. Experimental procedure of this study.

https://doi.org/10.1371/journal.pone.0272035.g002
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Executive function. Executive function comprises three sub-elements: ‘inhibition’, ‘shift-

ing’, and ‘updating’ [23]. In this research, each sub-element was measured as follows:

‘Inhibition’ was measured using a Stroop test. A Stroop test composed of two tasks (a non-

interference task and an interference task) was used. In the non-interference task, the partici-

pants were presented with a square that was coloured red, blue, yellow, green, or black, and

were shown a list of these five colour names, all of which were written in black-coloured text.

Participants were asked to select from the list the colour name that corresponded to the colour

shown. In the interference task, participants were presented with a colour name written in

red-, blue-, yellow-, green-, or black-coloured text, and were shown a list of the five colour

names, again written in black-coloured text. Participants were asked to select the colour name

from the list that corresponded to the colour of the text. In this task, the colour name and the

colour in which it was written did not match (e.g. the word ‘red’ was written in blue font). For

both tasks, participants were given a 10-second practice period and then performed the tasks

over a 60-second period. The number of correct answers was then measured.

‘Shifting’ was measured using a trail-making test. The trail-making test was composed of

two tasks. Task A involved connecting the numbers 1 to 25 in a solid line. Task B involved

alternately connecting numbers 1 to 13, as well as 12 hiragana characters, one of the syllabaries

used in the Japanese written language (e.g. number -> hiragana -> number -> hiragana, and

so on). The 12 characters comprised the first characters that Japanese children learn (‘あ’ to

‘し’). In this research, the total time taken to complete both tasks was measured, and the ratio

between the two tasks was calculated (i.e., the ratio of the total time taken to complete task B to

the total time taken to complete task A). Participants were instructed to connect the numbers

and hiragana characters as quickly as possible.

‘Updating’ was measured using a reading-span task. This task was conducted with reference

to the group reading-span task administered to elementary school students by Higuchi et al.

[24]. Participants were instructed to read aloud short sentences displayed on a screen and,

while reading, to memorise words underlined in red. Once they had finished reading all sen-

tences, they were asked to report the underlined words. Conditions in which two, three, and

four short sentences, respectively, were read aloud were introduced, and in each condition, the

students repeated the task three times. For each condition, one point was given when all words

were reported in the correct order. The total score was calculated by summing up the scores

for each condition [24]. Subjects, verbs, adverbs and adjectives, onomatopoeia, and mimetic

words were included in the sentences. There was no relationship among the conditions regard-

ing the sentences and the words underlined in red. There was no bias regarding the type of

words to be memorised.

Among these measures of executive function, the Stroop test was conducted in 2017 and

2018, and the trail-making test and the reading-span task were conducted in 2018 only.

Data analysis. The normality of the distributions of all measured values regarding stress

and executive function (both before and after engagement in each condition) was assessed

using the Shapiro-Wilk test. The concentration of amylase, chromogranin A, and cortisol in

saliva and the number of correct answers in the Stroop test (both the non-interference task

and the interference task) were confirmed to be normally distributed; however, the other mea-

sured values were not. A repeated two-way analysis of variance (ANOVA) was used to analyse

the concentration of amylase, chromogranin A, and cortisol in saliva and the number of cor-

rect answers in the Stroop test. Meanwhile, the Wilcoxon rank sum test was used to analyse

the other measured values. Statistical analyses were conducted using SPSS version 25 (SPSS,

Inc., IBM, Armonk, NY, USA). Differences were considered to be statistically significant when

p< 0.05, and where appropriate effect sizes were reported.
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For participants who participated in both data collection periods (2017 and 2018), there

were two data sets representing the number of correct answers for the Stroop test (both the

non-interference and the interference tasks). For these participants’ data, considering the

potential influences of performing the other tasks to assess executive function, we only ana-

lysed the data for the 2018 research, during which the participants had also been examined

concerning other sub-elements of executive functions (‘shifting’ and ‘updating’; Table 1).

Results

First, we examined the effect of using standing desks for 45 minutes on the participants’ stress

levels. For all conditions, the concentration of cortisol in saliva was significantly higher after

performing the task, F(1,13) = 32.449, p = 0.00, η2 = 0.35; however, the interaction was not sig-

nificant (Fig 3). Examination of the concentration of amylase and chromogranin A in saliva

showed that the main effects and interaction were not significant (Fig 3).

Table 1. Data of the participants used in the analysis of this study.

Year of Measurement Measurements Participants in 2017 only Participants in 2017 and 2018 Participants in 2018 only

2017 Stress Amylase � �

Chromogranin A � �

Cortisol � �

Executive function ST �

2018 Executive function ST � �

TMT � �

RST � �

ST: stroop test; TMT: trail-making task; RST: reading-span test.

https://doi.org/10.1371/journal.pone.0272035.t001

Fig 3. Comparison, for each condition, of the changes in stress hormones in saliva before and after performing

the 45-minute tasks (n = 18).

https://doi.org/10.1371/journal.pone.0272035.g003

PLOS ONE Effects of using standing desks for 45 minutes on the stress and executive function

PLOS ONE | https://doi.org/10.1371/journal.pone.0272035 August 18, 2022 6 / 11

https://doi.org/10.1371/journal.pone.0272035.t001
https://doi.org/10.1371/journal.pone.0272035.g003
https://doi.org/10.1371/journal.pone.0272035


Second, we examined the effect of using standing desks for 45 minutes on the participants’

executive function. Comparing the number of correct answers in the Stroop test (both the

non-interference task and the interference task) by condition revealed that although the num-

ber of correct answers in the non-interference task significantly increased after the task, F(1,36)

= 30.309, p = 0.00, η2 = 0.44, the interaction was not significant (Fig 4). For the number of cor-

rect answers in the interference task, there were significant interaction effects, with higher val-

ues for the standing (37.2 ± 9.4 times to 40.9 ± 9.9 times) and mixed conditions (36.0 ± 10.4

times to 40.3 ± 9.9 times) as compared to the sitting condition, F(1,37) = 3.340, p = 0.04, η2 =

0.05; (Fig 4).

Total times for the trail-making test (task A and task B), the ratio for the total times (task A

to task B), and the total score for the reading-span task were analysed using the Wilcoxon rank

sum test. This showed that the total time for task A in the standing and mixed conditions and

the total time for task B in the standing condition significantly decreased but that the change

in the ratio of the total times and the total score for the reading-span task did not significantly

differ across the conditions (Tables 2–4).

Discussion

This study examined the effects of using standing desks for 45 minutes on children’s stress lev-

els and executive function. For all conditions, the main effect of time was only significant for

the concentration of cortisol in saliva; for all stress-related values, the interaction effect was not

significant (Fig 3). These results indicate that none of the conditions affected stress differently.

Although some teachers believe standing desks cause children to become distracted and the

Fig 4. Comparison, for each condition, of the number of correct answers for the Stroop test before and after

performing the 45-minute tasks (n = 38). Data from 2017 from the five participants who participated in both data

collection periods (2017 and 2018) were not included.

https://doi.org/10.1371/journal.pone.0272035.g004
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class as a whole to become more difficult to control [25], our findings indicate that the causes

of such distractions are not related to stress resulting from using standing desks.

In relation to the findings for executive function, for the interference task of the Stroop test,

a significant interaction was confirmed regarding the change in the number of correct answers

(Fig 4). The number of correct answers in the interference task increased in conditions involv-

ing standing, and the ‘inhibition’ element of executive function apparently improved. A previ-

ous study examining the effect of body posture on the executive function of young university

students reported that the total time required to complete the Stroop test was shorter when

responses were given while standing [26]. Our study supports this and indicates that elemen-

tary school students can also improve their ‘inhibition’ by standing while working.

Mehta et al. [27] used functional near-infrared spectroscopy to perform brain imaging on

high school students and found significant left frontal lobe activations during three of the five

tasks for assessing executive function (the memory-span task, the trail-making test, and the

Table 3. Values for executive function before and after performing the sitting condition task.

Beforea Aftera Wilcoxon sum rank (z)b Effect size (r)
TMT Total time to complete task A (sec) 27.0 (23.5–30.0) 28.0 (21.5–30.5) -0.80� 0.16

Total time to complete task B (sec) 55.0 (44.5–66.5) 48.0 (40.0–57.5) -1.79� 0.36

Ratio for total times (BA) 2.2 (1.7–2.6) 1.8 (1.7–2.1) -1.37� 0.27

RST Total score of reading span task 4.0 (2.5–6.0) 5.0 (3.5–6.0) -0.64� 0.13

Total time to complete the trail-making test (task A and task B), ratio of total trail-making task times, and total score for the reading span task (n = 25).
a Median (25%ile–75%ile)
b,� p< 0.05; TMT: trail-making task; RST: reading-span test.

https://doi.org/10.1371/journal.pone.0272035.t003

Table 4. Values for executive function before and after performing the mixed condition task.

Beforea Aftera Wilcoxon sum rank (z)b Effect size (r)
TMT Total time to complete task A (sec) 27.0 (22.0–32.5) 23.0 (20.5–28.5) -2.34� 0.47

Total time to complete task B (sec) 56.0 (44.5–65.5) 48.5 (38.0–60.8) -1.77� 0.35

Ratio for total times (BA) 2.1 (1.8–2.4) 1.8 (1.7–2.5) -0.11� 0.02

RST Total score of reading span task 4.0 (3.5–6.0) 4.0 (3.0–6.0) -0.18� 0.04

Total time to complete the trail-making test (task A and task B), ratio of total trail-making task times, and total score for the reading span task (n = 25).
a Median (25%ile–75%ile)
b,� p< 0.05; TMT: trail-making task; RST: reading-span test.

https://doi.org/10.1371/journal.pone.0272035.t004

Table 2. Values for executive function before and after performing the standing condition task.

Beforea Aftera Wilcoxon sum rank (z)b Effect size (r)
TMT Total time to complete task A (sec) 28.0 (23.5–32.0) 24.0 (20.5–28.0) -2.78� 0.56

Total time to complete task B (sec) 58.0 (45.5–71.0) 46.0 (42.0–61.5) -3.14� 0.63

Ratio for total times (BA) 2.1 (1.8–2.4) 2.1 (1.7–2.3) -1.22� 0.24

RST Total score of reading span task 4.0 (3.0–6.0) 5.0 (3.0–6.0) -0.88� 0.18

Total time to complete the trail-making test (task A and task B), ratio of total trail-making task times, and total score for the reading span task (n = 25).
a Median (25%ile–75%ile)
b,� p< 0.05; TMT: trail-making task; RST: reading-span test.

https://doi.org/10.1371/journal.pone.0272035.t002
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Stroop colour word test) after introducing standing desks for 27 weeks. In addition, Wick et al.

[16], in an examination of 10–12-year-old children, administered two tasks for assessing ‘inhi-

bition’ and ‘updating’ (the flanker task and digit span task, respectively) before and after the

children used both a standing desk and a floor mat for 11 weeks. Wick et al. [16] reported that,

although no significant difference was found, when compared to the control group, the inter-

vention group showed a higher number of correct answers in the working memory task, and

the effect size was larger than control group. According to the findings from these two previ-

ous studies, using a standing desk may improve not only ‘inhibition’, but also ‘shifting’ and

‘updating’. However, in the present study, a significant change was only confirmed for the

number of correct answers in the interference task of the Stroop test. It was not confirmed for

the ratio of the total time to complete task A to that of task B in the trail-making test or the

total score for the reading-span task (Tables 2–4). A possible reason for this result is that the

measurement interval of this study was extremely short (45 minutes) when compared to those

used in the previous studies (27 and 11 weeks, respectively). Conversely, Mazzoli et al. [28]

analysed whether two school days’ time spent sitting/stepping and the frequency of sit-to-

stand transitions were associated with executive functions (‘inhibition’ and ‘updating’)

improvements in schoolchildren. They reported that the child’s sitting time and the number of

sit-to-stand transitions were negatively associated with the response time and the number of

correct answers for ‘inhibition’ (go/no-go task). However, no association with ‘updating’ was

confirmed. Similarly, the present study using standing desks for only 45 minutes confirmed

improved ‘inhibition’. Although our findings did not definitely establish that using a standing

desk for 45 minutes can improve all three sub-elements of executive function, we found that

using a standing desk does affect children’s ‘inhibition’.

The present study investigated the effects of using standing desks for 45 minutes on stress

levels and executive function of elementary school students. The findings showed that there

was no difference in stress across the three conditions tested, and that the number of correct

answers in the interference task of the Stroop test was higher for the standing condition and

mixed condition as compared to the sitting condition. A strength of this study was the use of

measures to clarify the biochemical effects of using standing desks for elementary school stu-

dents for 45 minutes so as to parallel a single lesson period. This strength distinguished our

study from previous ones that examined the effect of using a standing desk short-term

(weeks), mid-term (months), and long-term (years). It was also the first study to investigate

biochemical effects. However, there are several limitations to this research. First, the sample

size was small; to confirm our findings it will be necessary to conduct a similar investigation in

the future using a larger sample. Second, in this study, a relatively large number of subjects

were unable to participate in all elements or had missing data. Moreover, the data from the

Stroop tests of the subjects who participated in both experiments (2017, 2018) were analysed

only for 2018. Caution is advised regarding the representative nature of the samples. Third,

this study was conducted only on elementary school students; it is unclear whether similar

results would be obtained in a study on junior high school or high school students. Fourth,

this study was conducted in a laboratory, not in a school. It is unclear whether the effects

observed in this study regarding the benefits of standing desks would persist in actual class-

room situations.

Conclusions

Our study showed the effects of using standing desks on stress levels and executive function

for an extremely short-term period representing one elementary school lesson: 45 minutes.

Our findings indicated that using such desks while standing or alternating between standing
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and sitting can improve the ‘inhibition’ element of executive function. No difference was

found in the stress level between the conditions. These findings show that using standing

desks for 45 minutes improved the ‘inhibition’ of executive function without excessively

increasing stress levels.
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