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ABSTRACT

Introduction and aim. This study explores the effects of implementing stand-biased desks in a classroom setting on physical
posture, cognitive performance, and attention in elementary school students aged 11 to 12 years old.

Material and methods. The study group consisted of 51 boys from 5th and 6th grades. A crossover intervention design was
employed, where students alternated between using traditional and sit-stand desks over the course of the study lasting three
months. Anthropometric measurements, posture assessments, and cognitive tests (the d2 Test of Attention and Stroop), were
conducted at three intervals (T1/T2/T3): initial, mid-intervention, and post-intervention.

Results. During the intervention, significant changes were observed in anthropometric parameters, except for a decrease in
body fat percentage. Cognitive testing revealed significant improvements in attentiveness and cognitive control when using
the sit-stand desks. Specifically, the d2 test indicated enhanced concentration performance and test effectiveness, particularly
when conducted in a standing position. The Stroop test also showed improvements in both time and corrected errors between
the second and third assessments.

Conclusion. The findings suggest that sit-stand desks may associate with better weight distribution and improved posture,
with positive effects on attentiveness and cognitive performance of schoolchildren.
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Introduction

In the context of primary education, the increasing
prevalence of sedentary behavior among schoolchil-
dren has raised significant concerns about its negative
impact on physical health, cognitive development, as-
sociated with various health risks, including obesity,
cardiovascular diseases, and metabolic disorders, and
impaired cognitive function,'” academic achievement,
and overall well-being. Traditional classroom settings,
characterized by extended periods of sitting, have been
identified as a contributing factor to sedentary behav-

iors. The use of sit-stand desks in educational settings
has gained increasing attention as an intervention to re-
duce sedentary behavior among schoolchildren and en-
hance various aspects of their physical and cognitive
development. Numerous studies have suggested that
the use of sit-stand desks, as an alternative to traditional
seated desks, is seen as a feasible and effective method to
integrate movement into the classroom, fostering both
physical health and cognitive engagement:** by allow-
ing children to alternate between sitting and standing
positions, these desks are designed to increase energy
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expenditure and reduce sedentary time, enhance class-
room engagement, improve executive functions (at-
tention, working memory) and behavioral outcomes
without disrupting academic activities.

However, while the theoretical benefits are compel-
ling, empirical evidence remains mixed, highlighting
the need for further investigation to clarify the specif-
ic conditions under which standing desks might prove
effective.®” The current research landscape reveals sig-
nificant gaps in understanding the long-term cognitive
effects of standing desks on schoolchildren. Many stud-
ies are short-term, lack randomized controlled designs,
or are limited by small sample sizes, thereby reducing
the generalizability of their findings.

This paper builds on previous research by provid-
ing a comprehensive review of the literature on standing
desks and identifying some of the key gaps by conduct-
ing a crossover intervention study to evaluate the cog-
nitive benefits of standing desks in a primary school
setting. The study will focus on their impact on physical
activity levels and cognitive outcomes in children, pro-
viding a comprehensive understanding of how standing
desks can influence their attention. By employing a ro-
bust experimental design, this research seeks to contrib-
ute valuable insights into the efficacy of standing desks
as a tool for enhancing educational and health bene-
fits in schools and produce implications for educational
policy and practice, providing a nuanced understand-
ing of how environmental modifications in classrooms
can support holistic primary schoolchildren develop-
ment. The theoretical foundation of the sit-stand desk
intervention is based on the idea that physical activity
can improve the overall well-being of schoolchildren,
as well as some of significant health-related parameters
and cognitive functions.

Based on the analysis presented above, it is pos-
sible to conclude that despite the growing body of re-
porting promising benefits of sit-stand desks, several
gaps remain in the literature. First, while the physical
activity benefits of sit-stand desks are well-document-
ed, their direct impact on cognitive functions such as
attention and executive function needs further explo-
ration. Second, most studies focus on short-term in-
terventions, and long-term effects on physical activity,
cognitive function, and academic performance are less
explored.* Many studies suffer from methodological
weaknesses,® such as small sample sizes, which require
further investigation to prove the reliability and gener-
alizability of findings. Additionally, the practicality of
implementing sit-stand desks in classrooms poses chal-
lenges. In a similar fashion, Sherry et al. reported logis-
tical issues such as classroom space constraints and the
need for ergonomic training for both pupils and teach-
ers.®° There is also a need for more detailed qualitative
research to understand the experiences and perspectives

of pupils, teachers, and parents regarding the use of sit-
stand desks.!! Furthermore, the heterogeneity in study
designs, outcomes measured, and intervention imple-
mentations makes it difficult to draw firm conclusions.
For instance, variations in desk types (e.g., fixed height
vs. adjustable height), the duration of standing, and the
specific cognitive and academic measures used compli-
cate comparisons across studies.'”? Recent advances in
computer vision-based activity recognition, extended
reality—enabled learning environments, and reliable hu-
man-movement signal acquisition further support the
view that classroom ergonomics and technology-me-
diated designs can meaningfully influence posture, en-
gagement, and cognitive outcomes. These works provide
additional methodological and contextual grounding
for our sit-stand desk intervention study.’*'* Research
is needed to explore the differential impact of sit-stand
desks on various pupil/student populations, including
those with attention-related disorders such as ADHD.
Future studies should also investigate the optimal du-
ration and frequency of standing periods to maximize
cognitive benefits without causing fatigue or discomfort.
These challenges highlight the necessity for collecting
more data to gain solutions to address potential barriers
to the successful adoption of sit-stand desks. This is the
first study to comprehensively assess the health related
effects of introducing standing desks for a short peri-
od of time in a school environment on body posture,
anthropometric and cognitive abilities, physical activity,
and sleep quality.

Aim

The purpose of this study is to investigate the effects
of sit-stand desks on cognitive function, posture, and
physical activity among primary school children.-The
research questions guiding this study are: 1) How does
the use of sit-stand desks affect the distribution of stat-
ic loads and spinal curvature in children? 2) What is the
impact of sit-stand desks on reducing sedentary behav-
ior and increasing physical activity during school hours?
3) Do sit-stand desks improve attention test scores in
primary school children when tasks are performed
standing versus sitting?

Material and methods

Study participants

Study group included 51 boys from football sport pri-
mary school in Rzeszéw (Poland), aged 11-12 years (5
and 6 grade) the particular classes were chosen because
they spend most of their lessons in one room, therefore
the standing desks could be used in most of school time.
Present study focuses on children in this age group since
significant increases in sedentary time were observed
between ages 9 and 12 years of age.”®
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Research design

In this non-randomized, interventional pilot study with
cross-over design, convenience sample (feasible school
infrastructure and the staff of the school, parents and
children interested in participation) were used. Three
data collection points were performed between March
and May of 2025 - first one (T1) 4 weeks before intro-
ducing of standing desks to school environment, second
measurement (T2) set directly before intervention start
and third one (T3) after 4 weeks of intervention.

After consultation with teachers and the school
principal, two classes were selected for the study. The
parents or guardians of the children were sent an infor-
mation letter with a consent form and all important de-
tails about the study intervention and methods, and an
online meeting with the parents was organized to answer
any questions. Children with parental informed consent
were additionally required to provide verbal confirma-
tion before any measurements were taken. Children and
parents/guardians could withdraw from the study at any
time without giving a reason. The study was conducted
in accordance with ethical standards laid down in an ap-
propriate version of the Declaration of Helsinki and has
been approved by the Rector’s Committee For The Eth-
ics Of Scientific Research Involving Humans SGGW no.
4/RKE/2025/U. Children whose parents/guardians did
not agree to participate or withdrew were still using the
same classroom with standing desks and had the oppor-
tunity to use them if they wished but were not included
in the measurement sets. Children were excluded from
the project if they had an injury or illness that prevented
them from attending class or from using standing desks.

Intervention
It was assumed that the participants would use the
standing desks for approximately half of the lesson
(the teacher was responsible for switching between the
two types of desks). Consequently, one standing desk
was provided for two children of similar body height.
At the commencement of the first lesson, one partici-
pant utilised a standing desk, while the other employed
a standard seated desk for approximately 20 minutes.
Subsequently, the teacher requested that the students
exchange their respective workstations. The children
who had been engaged in standing for the latter half of
the preceding lesson commenced the subsequent lesson
with a seated desk. The option to revert to a standard
desk was permitted at any point during the lesson.
Height-adjustable sit-stand desks were installed in
classrooms adjacent to standard school desks, allow-
ing for two children to utilise one standing desk for
part of the lesson. This adjustment was necessary for a
number of reasons. Firstly, it was not feasible to rapid-
ly adjust the desks to various heights (a screwdriver was
required), so children using one standing desk had sim-

ilar heights. Secondly, it was important to allow children
whose parents or guardians had not agreed or had with-
drawn from the study to participate in lessons as usual.
Thirdly, it was necessary to be able to return to a sitting
position at any time, either at the child’s request or at the
teacher’s discretion, depending on the specific tasks re-
quired in the lesson.

The initial phase of the study encompassed the ini-
tial set of measurements and the installation of standing
desks in classrooms. Subsequently, the children contin-
ued with their lessons as usual for a period of four con-
secutive weeks, during which time they were unable to
utilise the standing desks. Following this, a second set
of measurements was conducted in accordance with the
initial procedure. Thereafter, for a period of four weeks,
the children whose parents had consented to partici-
pate were permitted to use the standing desks in accor-
dance with the aforementioned protocol. Directly after
the conclusion of the four-week intervention period, a
third set of measurements was undertaken using the
same protocol.

Anthropometry

Body weight and height (stretched stature) were mea-
sured in accordance with the ISAK protocol by an ISAK
Level 3 anthropometrist. To assess stretched stature, a
SECA stadiometer (model 217, SECA, Hamburg, Ger-
many) was utilised. The participant was instructed to
stand on the device barefoot and attempt to achieve
the maximum height possible without lifting the heels
from the base. A deep inhalation was then performed,
and the measurement was taken at the point of maxi-
mum inhalation, recorded to the nearest 1 mm. This was
done with the head positioned in Frankfurt plane and
the moveable arm of the stadiometer in contact with the
vertex anthropometric landmark.

Body composition

Body weight and composition were evaluated through
the use of a bioelectrical impedance analysis (BIA), con-
ducted with the aid of a body composition analyser de-
vice (BC-420 MA, Tanita, Tokyo, Japan). Body weight
was assessed with an accuracy of 0.1 kg. Body mass in-
dex (BMI) was calculated according to the equation
proposed by Quetelet: body mass (kg) divided by height
squared (m?) (kg/m?). The BMI percentile of each par-
ticipant was calculated using Polish age- and sex-spe-
cific BMI charts, based on the BMI values obtained.!®
In accordance with the criteria set forth by the Centers
for Disease Control and Prevention, the percentiles for
body mass index (BMI) in all subjects can be interpreted
as indicative of normal body weight.'” It was shown that
BIA method is a reliable and accurate tool for the mea-
surement of body composition in the paediatric popula-
tion."® The children were instructed to stand barefoot on



1030 European Journal of Clinical and Experimental Medicine 2025; 23 (4): 1027-1036

the device with light clothing. All measurements were
taken in the morning (8:00-10:00). The children and
parents/guardians of the participants were informed
that they should refrain from engaging in strenuous ex-
ercise and excessive water intake for a minimum of eight
hours prior to the measurement. The measurements
were repeated in the following sets, always in the same
hour and under the same conditions. For the purpos-
es of the present study, the following body composition
variables, estimated by the Tanita device, were analysed:
body fat percentage (BFP), muscle mass (PMM) and to-
tal body water (TBW). The BFP percentage were found
to yield normal values (BFP < 85th percentile and > 2nd
percentile) for the entire study group.”

Body posture analysis

The assessment of body posture was conduct-
ed using the KINEOD system (DMS Group, Gallar-
gues-Le-Montueux, France), which enables the precise
estimation of the angular values of the physiologi-
cal curvatures of the spine in the sagittal plane. This is
achieved through the 3D reconstruction of the poste-
rior surface of the body, which is obtained through the
use of depth cameras that acquire images using infrared.
Prior to the examination, the requisite anthropometric
landmarks were delineated on the child’s back with the
aid of a specialized hypoallergenic body marker (specif-
ically, the C7 spinous process and multiple spinous pro-
cesses in the thoracic and lumbar spine, the posterior
superior iliac spines, and the inferior angles of the scap-
ulae). Immediately following the examination, the iden-
tified points were removed using a solution of water and
cleansing agent. The values of the lumbar lordosis and
thoracic kyphosis angles of the examined children were
estimated using dedicated software.

Foot static loads assessment

During the assessment of body posture, the subject was
invited to stand freely on a tensometric platform (Free
Med BASE, Sensor Medica, Guidonia Montecelio, It-
aly) in order to ascertain the static loads exerted on
the feet during the subject’s natural, unassisted stance.
The device software calculated, among other variables,
the maximum and mean pressure under each foot, ex-
pressed in g/cm?. This was based on several seconds of
data recording.

Physical activity, sedentary behavior and sleep

ActiGraph measurements were obtained over a continu-
ous period of seven days and nights using the ActiGraph
GT3X-BT monitor (ActiGraph, Pensacola, Florida,
USA) and were subsequently analysed using the ActiL-
ife 6.13 data analysis software. Actigraphy represents a
valid alternative to polysomnography.®® The device was
positioned at the level of the right hip. Subjects were in-

structed to wear the monitor for a period of 24 hours
per day, for a total of seven consecutive days and nights,
during all activities, with the exception of those in-
volving water. Parents or guardians were also provided
with comprehensive instructions on how their children
should utilise the activity monitor. Actigraphy data were
collected at a sampling rate of 30 Hz, employing the Sa-
deh sleep algorithm.” The sleep parameters identified
from the ActiGraphs were as follows: sleep efliciency
(the percentage of time spent asleep during the sleep pe-
riod), sleep duration (time from the child fell asleep un-
til it woke up) and wake after sleep onset (WASO; refers
to the number of minutes a child was awake between
sleep onset and sleep offset).”> After exclusion of the
nocturnal sleep episode time, non-wear time was deter-
mined as 60 minutes of consecutive zeros allowing for 2
min of non-zero interruptions.” The time spent awake
and the levels of physical activity were calculated and
identified using data collected at 5-s intervals. A wak-
ing wear time of > 500 minutes per day was employed
as the criterion for a valid day, and > 4 days were used
as the criteria for a valid 7-day period of accumulated
data (including > 3 valid weekdays and > 1 valid week-
end day). For each participant, the mean minutes per
day of moderate-to-vigorous physical activity (MVPA)
and sedentary time were calculated. The cut-off points
proposed by Evenson et al. were employed to ascertain
the time spent engaged in sedentary (0-100 counts per
minute) and MVPA (= 2296 counts per minute from all
valid days). Furthermore, the number of steps taken was
calculated.”

Cognitive test

The assessment of attention, concentration, ability to
work under pressure, speed and accuracy of work was
conducted and analysed by a licensed psychologist us-
ing the D2-R test. The test enables the assessment of
various attention indicators, including perception, the
number of errors committed, and the ability to perceive.
It examines both continuous attention, which concerns
the maintenance of active attention over a specified pe-
riod of time, and selective attention, which pertains to
the capacity to concentrate on selected stimuli. The test
enables the assessment of the speed, quality and endur-
ance of the individual being tested, as well as their abil-
ity to maintain focus over a short period of time. The
test sheet comprises 14 lines, each containing 47 “d” or
“p” leaders with varying combinations of lines beneath
and/or above the letter. Each line comprises 21-22 let-
ters that must be crossed out. The subject is allotted a
specific time period for each line, with a maximum of
20 seconds. Once this time has elapsed, the subject must
proceed to the subsequent line, regardless of whether
they have completed the task for the previous line. The
subject was required to identify and erase specific sym-
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bols from a set of similar ones within a specified time
frame (20 seconds). The results of the test provide in-
dicators that allow for the assessment of an individual’s
ability to concentrate, as well as their pace and accuracy
of work. The D2-R questionnaire was administered on
two occasions, once at a standard desk in a seated po-
sition and once at the same time the following day at a
high desk in a standing position.

Stroop test

The efficiency of executive functions, specifically the
ability to inhibit a habitual response and the ability to
switch to a new, previously unused response criteri-
on, was evaluated by a licensed psychologist using the
Stroop test. The initial phase of the examination com-
prised ten lines of five words, representing colours (blue,
green, yellow, red, brown, pink, black), inscribed in
black font on a white card (an achromatic colour-word
reading card). The second card differs from the first in
that the same words are written in coloured font, but
the colour of the font in which the words are written
does not correspond to their meaning (a chromat-
ic colour-word reading). In the third part of the test,
the stimuli were presented as rows of coloured squares
(a pure colour card). The subject was required to com-
plete the following task: In the initial phase, participants
were required to read the names of colours presented
in black font (referred to as Card A). In the subsequent
phase, they were instructed to read the names of colours
while disregarding the colour of the font in which they
were written (referred to as Card B). Finally, in the third
phase, participants were asked to name the colour of the
squares presented on the card (referred to as Card C).
In the fourth part of the test, the subject was required to
name the colour of the font in which the word was writ-
ten, ignoring its meaning (card B).

Statistical analysis

The statistical analysis was conducted using the Statis-
tica software (StatSoft, Tulsa, OK, USA). The assump-
tion of normality was tested using the Shapiro-Wilk test.
Continuous data are expressed median and interquar-
tile range. The Wilcoxon paired test was employed to
ascertain whether statistically significant differences ex-
isted in the parameters between data collection points.
The Wilcoxon signed-rank (paired) test was selected
because the study compared repeated measurements of
the same participants across two data collection points.
Preliminary analysis indicated that the assumptions re-
quired for parametric tests, particularly normal distri-
bution of the differences, were not met. The Wilcoxon
paired test is a non-parametric alternative that does not
require normality and is therefore appropriate for ana-
lyzing paired, dependent samples.

Results

At the initial assessment, 51 included boys were 11.5+0.6
years of age, with 151.4+8.6 cm height and 40.1+8.1 kg
weight (BMI: 17.3£2.2 kg/m?). In general, children ex-
hibit a greater body weight distribution on the left foot
and a more pronounced kyphosis than lordosis. The ma-
jority of children adhere to the WHO recommendations
for physical activity (at least 150 minutes of MVPA per
week) and report an average of more than eight hours
of good-quality sleep per day (with a sleep efficiency of
more than 90% and a wake after sleep onset duration
of less than 25 minutes). All the anthropometric, body
posture, physical activity, sleep and cognitive skills pa-
rameters are listed in Table 1.

During the intervention period, statistically signifi-
cant increases were observed for all anthropometric pa-
rameters, with the exception of FATP, where a significant
decrease was noted. The analysis of the static loads under
the feet of the subjects revealed a significant increase in
both the mean and maximum loads under the right foot.
This is particularly noteworthy given that subjects exhib-
ited a tendency to place greater weight on the left foot.
The observed change therefore appeared to result in a
more balanced distribution of loads under the feet of the
subjects. The only significant difference in spinal curva-
tures in the sagittal plane was the increase in the lordosis
angle between the initial and mid-intervention measure-
ments. Nevertheless, it proved difficult to identify any
discernible linear trends in this parameters (Table 2).

A comparison of the data reveals significant variations
in sedentary behaviour and light physical activity (PA)
across the various measurement points. Specifically, a no-
table increase in sedentary behaviour was observed pri-
or to the implementation of standing desks, subsequently
followed by a decrease in sedentary behaviour post-intro-
duction of standing desks. It should be noted that there
has been a constant reduction in light PA. Furthermore,
there was a substantial increase in vigorous physical ac-
tivity (PA) prior to the intervention, and a notable rise in
step count following the intervention. The study’s partic-
ipants who were provided with standing desks for a por-
tion of their lessons exhibited a notable enhancement in
their sleep efficiency after a four-week period (Table 3).

The results of the d2 test revealed significant im-
provements in all cognitive parameters, with the excep-
tion of the Percentage of Errors and the Fluctuation Rate
when the test was completed in a standing position.
Moreover, when the test was performed in a sitting po-
sition, a notable decline in the Percentage of Errors was
observed between the first and second measurement
points. Also, the Fluctuation Rate demonstrated a sig-
nificant increase between the first and second measure-
ments and a further increase between the first and third
measurements when subjects were sitting. A significant
improvement was observed in the Stroop test between
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Table 1. Analysed parameters at TO — before the standing
desks introduction*

Table 2. Analysed anthropometric parameters before (T1)
during (T2) and after (T3) standing desks introduction*

Mean Min. Max. Q1 B3 SD T 1 i3 p
Anthropometry Me(Q1-Q3) Me(Q1-Q3) Me(Q1-Q3) T1vsT2 T2vsT3 T1vsT3
Age (n) 1.5 10.0 12.0 11.0 120 0.6 Anthropometry
Height (cm) 1514 1323 1706 1465 1560 86 ! 1502 1503 1510
Height (cm) 0001 <0.001 <0.001
Weight (kg) 401 286 626 353 49 81 (1465-156)  (147-1553)  (147-157)
BMI (kg/m?) 173 138 25 159 183 22 Weight k) (3538.239) (3518;4 ) (35;9_.256) <0001 0001 <0001
FATP (%) 128 55 253 96 142 47 ST A S
169 169 170
PMM (k 330 B4 501 295 356 60 :
(kg) BMI (kg/m?) (159183 (62185) (161a7) <1 072 <oqu
TBW (kq) 255 182 386 228 275 46 25 o -
. ) . .
Body posture FATP ) 06-42) (05141 (s-ng OB <000 <0000
Meanload LF (g/cm?) 2580 1930 3700 2300 2840 435 6 oy 33
Meanload RF (g/m?) 2035 1540 2630 1790 2300 310 PAM (ko) (95-356) (88-356) (05379 <oU0T <0001 <0001
Maxload LF (g/cm?) 6190 4500 9970 539.0 6750 1238 25 248 %8
Maxload RF (g/com?) 5373 3580 7760 4700 5900 1025 T8 (ko) W85 @305 8-y 0T <000 <0001
Kifosis angle (°) 31.6 20.0 47.0 28.0 35.0 59 Body posture
Lordosis angle (°) 173 0.0 370 30 260 119 2450 2550 2420
Mean load LF (g/cm? 0336 0288 0.057
Physical activity O™ sy 02s) 205-2839)
Sedentary (min) 71487 64300 80670 68955 73615 3922 MeanloadRF(g/am) 00 mo 095 o 039 0001
Light (min) B673 17170 30910 21845 25890 3360 (79-230)  (188-231) (1895-247)
Moderate (min) 3743 130 6430 3025 4450 1126 Maxload LF (g/cm?) (53598—28()75) (;3"_2&9) (532%1575) 0558 0587 0.99%
Vigorous (min) 1986 370 4440 1060 3080 1228 290 w30 s :
MVPA (min) 5727 1690 10690 4330 7175 2049 Max load RF (g/cm?) (470_590) (509—.628) (477_6'085) 0073 0965 0032
Step Counts (n) 963447 50377.0 164193.0 80604.0 106931.5 23676.0 0 oy 30
Sleep quality Kifosis angle (°) (28-35) 2837) (2837) 0801 0706 0.840
Average Sleep Efficiency  94.8 89.8 98.7 94.0 96.3 2.0
Lordosis angle (°) » 5 A 0013 018 0253

Average Total Sleep 4900 3356  623.8 4355 5433 714
Time

WASO (min) 21.6 7.1 393 171 26.0 73

Cogpnitive skills

Percentage of Errors 10.7 0.5 86.4 3.9 11.6 14.4
SIT (%)

Percentage of Errors 82 0.0 807 2.9 10.0 93
STN (%)

Concentration 148.6 83.0 1980 1335 1615 232
Performance SIT
Concentration 179.0 115.0 2560 1560 1985 31.0
Performance STN

The Fluctuation Rate SIT 6.4 2.0 12.0 5.0 8.0 23

The Fluctuation Rate 79 3.0 20.0 5.0 10.0 4.1
STN

Total test effectiveness ~ 138.6 71.0 1940 1240 1540 27.8
SIT

Total test effectiveness ~ 168.9 98.0 253.0 1460 1940 353
STN

Concentration index SIT ~ 145.9 66.0 198.0 1330  159.0 25.2

Concentration index 175.1 90.0 2550 1555 1975 333
STN

Stroop — time 27.8 16.0 51.0 220 325 83
Stroop — error corrected 0.9 0.0 4.0 0.0 1.5 1.1
Stroop — error 0.1 0.0 20 0.0 0.0 0.4
noncorrected

* BMI - body mass index, Min. — minimum value, Max. —
maximum value, Q1 - first quartile, Q3 - third quartile,
SD - Standard Deviation, FATP - Fat Percentage, PMM

— Muscle Mass, TBW - total body water, LF - left foot, RF —
right foot, MVPA — moderate to vigorous physical activity,
WASO - wake after sleep onset, SIT - sitting position, STN
- standing position

(3-26) (19-31) (10-28)
*T1 — measurement before intervention, T2 -
measurement during intervention, T3 - measurement after
intervention, Me - median, Q1 - first quartile, Q3 - third
quartile, p - statistical significance, BMI — body mass index,
FATP - fat percentage, PMM — muscle mass, TBW - total
body water, LF - left foot, RF - right foot, SIT - sitting
position, STN - standing position

crease in lumbar lordosis after four weeks of sit-stand
desk use. The lordosis increase of approximately 5-6°
falls within the small-to-moderate ergonomic effect
range reported by Cardon et al. and Clemes et al. This
supports the interpretation that alternating sitting and
standing can promote healthier spinal alignment with-
out imposing excessive lumbar extension.*?® While the
study’s non-randomized design precludes strong infer-
ence, these findings strengthen previous evidence that
postural variability (rather than prolonged standing per
se) can be beneficial for musculoskeletal development
in schoolchildren. The observed increase in the lordo-
sis angle between initial and mid-intervention mea-
surements are consistent with previous research that
highlights the potential of sit-stand desks to improve
postural health in children.%

Cognitive improvements
The results of the d2 and Stroop tests demonstrate sig-
nificant cognitive improvements. Specifically, the d2
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Table 3. Analysed physical activity and sleep quality
parameters before (T1) during (T2) and after (T3) standing

Table 4. Analysed cognitive skills before (T1) during (T2)
and after (T3) standing desks introduction*

desks introduction* T n 73 TivsT2  T2wsT3  TivsT3
T T2 3 p D2-R test
Me(Q1-Q3) Me(Q1-Q3) Me(Q1-Q3) TivsT2 T2vsT3 T1vsT3 PercintageofErrors 7 6 6 0028 0992 0373
Sedentary (mi 180 1956 54 0001 0003 0031 e e
edentary () cor7 7357)  (e75-s260) (1ig-r0gs) 0! 008 O Percentage of Erors 5 6 6
0.695 0.345 0.854
07 1568 1408 STN (%) B-10)  (-10) (-1
Light (min) <0.001 0015 <0,001 .
Q171-2433)  (1321-1720)  (1041-1606) Concentration oW W e o0 <0000
] 358 33 338 PerformanceSIT ~ (134-162) (175-231) (196-256) ’ ’ ’
Moderate(min) 0 11y (es303)  (uaazy 000 0660 00F Concentration T 2 B o
) . 175 222 292 Performance STN (156—1 99) (1 86—253) (196—268) ’ ’ ’
Vigorous (min) (120-415) (167-309) (179-46) 0.015 0102 0,018 The Fluctuation 6 8 8
0.001 0.817 0.013
. 550 580 638 0357 020 0226 Rate SIT (5—8) (6—1 0) (5—1 0)
MPAMIN) 7o) wseees)  (wos-gre) : ' The Fluctuation 7 8 8
0.809 0.169 0.498
98477 o8 1097 Rate ST 6100 (6-100  (5-9)
Step Counts (n) (80604— (70608— (74378- 0334 0038 0379 Total test 139 193 218
106932) 107565) 123647) effectivenessSIT ~ (124-154) (160-228) (165-243) <0001 <0007 <0001
Average Sleep 95 % 97 Total test 170 202 220
Hideny (0495 (49 (5o 00 0068 00 effctiveness SN (146-194) (166-245) (75-258) 00 <0001 <00f
Average Total Sleep 504 487 490 Concentration 144 199 24
. <0.001 <0.001 <0.001
Time (436-543)  (49-573)  (456-593) 04540068 0204 index SIT (133-159) (175-230) (195-252)
: 2 17 16 Concentration 17 218 230
WASO (min) (17-26) (12-27) (12-23) 0500 0225 0274 index STN (156-198) (177-243) (191-266) <000 <0001 <001
*T1 - measurement before intervention, T2 - % ) Smp;e;t
. . . 5
measurement during intervention, T3 — measurement after Stroop —time -3 @3)  (0-0) 0.786 <0001 <0.001
intervention, Me - median, Q1 - first quartile, Q3 - third Stroop—emor 1 1 0 0 <0l <o
quartile, , p - statistical significance, MVPA — Moderate to corrected 0-2 (-2 (0 ' ) ’
Vigorous Physical Activity, WASO - Wake After Sleep Onset, Stroop — error 0 0 0
0.361 0.593 0.345
noncorrected 0-0)  (0-0) (0-0)

SIT - sitting position, STN - standing position

test revealed improvements in all cognitive parameters
except for the percentage of errors and fluctuation rate
when completed in a standing position. The drop in
the percentage of errors and the increase in the fluc-
tuation rate observed when the test was performed in
a sitting position between the first and second mea-
surements suggest that sitting may lead to decreased
cognitive stability over time. It is necessary to con-
sider the possible learning effects which could bias
the observed results. This finding aligns with studies
by Swartz et al., Mehta et al. and Wallace et al., which
reported improved cognitive performance and atten-
tiveness in students using sit-stand desks.***’! Our
findings are corroborated by Van der Niet et al., who
found that sedentary behavior adversely impacts cog-
nitive function, while physical fitness improves exec-
utive and cognitive function in children, highlighting
the importance to include executive functioning in re-
search on physical activity and academic achievement
correlation.*

The significant improvement observed in the
Stroop test between the second and third assessment
points regarding both time and corrected error occur-
rence could possibly supports the cognitive benefits of
the intervention. The Stroop test measures cognitive
control and the ability to manage competing infor-

*T1 - measurement before intervention, T2 -
measurement during intervention, T3 — Measurement after
intervention, Me - median, Q1 - first quartile, Q3 - third
quartile, p — statistical significance, SIT - sitting position,
STN - standing position

mation, suggesting that the desks may enhance these
executive functions.>* However, given that cognitive
testing was not blinded and standing time was self-reg-
ulated by teachers, the observed effects should be
interpreted as associations rather than causal improve-
ments. Practice effects across repeated administrations
of the d2-R and Stroop tasks may have contributed to
incremental performance gains; nonetheless, the great-
er magnitude of change understanding conditions
suggests additive effect of postural activation on at-
tentional efficiency.

Clinical implications

The significant improvements in cognitive parameters,
particularly in the standing position, suggest that sit-
stand desks can be a valuable tool in creating dynamic
and engaging learning environments. The study’s results
also extend the current findings,>**° which substantiate
that physical activity imposed by interchangeable sit-
ting and standing in class improves cognitive function
in children.
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Table 5. Comparison of D2 test performed in sitting and in
standing position*

T T2 T3
Percentage of Errors SIT (%) 7(4-12) 6(3-10) 6(3-12)
Percentage of Errors STN (%) 5(3-10) 6(2-10) 6(2-12)
p 0.009 0.363 0.790

Concentration Performance SIT 147 (134-162) 200 (175-231) 226 (196-256)
Concentration Performance STN 176 (156-199) 219 (186-253)  231(196—268)

p <0.001 0.049 0.019
The Fluctuation Rate SIT 6(5-8) 8(6-10) 8(5-10)
The Fluctuation Rate STN 7(5-10) 8(6-10) 8(5-9)
p 0.030 0.959 0.328

139 (124-154)  193(160-228) 218 (165-243)

Total test effectiveness STN 170 (146-194) 202 (166-245) 220 (175-258)

p <0.001 0.041 0.008

144 (133-159)  199(175-230)  224(195-252)

172(156-198)  218(177-243)  230(191-266)
<0.001 0.092 0.003

Total test effectiveness SIT

Concentration index SIT

Concentration index STN

*T1 - measurement before intervention, T2 -
measurement during intervention, T3 — measurement after
intervention, SIT - sitting position, STN - standing position

the second and third assessment points with regard to
both time and corrected error occurrence (Table 4).

A comparison of the results of the d2-R test per-
formed in a sitting and standing position revealed that
all cognitive parameters exhibited significantly better
performance when the children completed the test in
a standing position during the initial set of measure-
ments. Furthermore, in the second and third measure-
ment sets, significant improvements in the standing
position were noted in both Concentration Perfor-
mance and Total Test Effectiveness. Additionally, at the
third measurement point, a significantly higher Con-
centration Index was observed (Table 5). Since the study
protocol assumed multiple cognitive tests on the same
population, it is necessary to bear in mind the possible
learning effects that could bias the observed results.

Discussion

Anthropometric changes

The study results indicate that during the intervention
period, there were statistically significant increases in all
anthropometric parameters, with the exception of FATP,
which showed a significant decrease. This finding aligns
with previous research indicating that increased phys-
ical activity and reduced sedentary behavior can posi-
tively impact body composition.”® The notable decrease
in FATP suggests that the introduction of sit-stand
desks, by encouraging more movement and standing,
is more likely to be associated with sedentary behavior
reduction (which resonates with the conclusions made
by Benden et al., Clemens et al. and Swartz et al., and
healthier body composition in children.**?

Postural analyses demonstrated a more symmetrical
weight distribution between the feet and a moderate in-

Study limitations

While the current pilot study provides insights into the
possible benefits of sit-stand desks, several methodologi-
cal and contextual factors constrain interpretation. First,
the study included only boys from a sports-oriented pri-
mary school, which limits generalizability to mixed-sex
or less active populations. Second, the non-randomized
crossover and absence of blinding introduce potential
expectancy, Hawthorne, and teacher-influence effects.
Third, actual standing duration was not objectively
logged; therefore, the fidelity and “dose” of the interven-
tion remain uncertain. Fourth, the presence of standing
desks in classrooms during the pre-intervention phase
may have altered behavior (“contamination”). Fifthly,
the crossover nature of the study necessitated repeat-
ed cognitive testing, which could have yielded learning
effects. Therefore, any observed improvements may be
partly due to familiarity with the tests. Finally, academ-
ic performance and psychosocial variables (motivation,
enjoyment, fatigue) were not measured, leaving the ed-
ucational implications incomplete.

Therefore, certain gaps remain that encourage fur-
ther investigation. The long-term effects of sit-stand
desk interventions on cognitive and academic outcomes
need to be explored through longitudinal studies. Ad-
ditionally, more research is needed to understand the
differential impact of sit-stand desks on various student
populations. Future studies should also investigate the
optimal duration and frequency of standing periods to
maximize cognitive benefits without causing fatigue or
discomfort. Additionally, exploring the combined ef-
fects of sit-stand desks with other physical activity in-
terventions, such as short activity breaks, could provide
a more comprehensive understanding of how to best re-
duce sedentary behavior and enhance cognitive perfor-
mance in educational settings. The combination of both
quantitative and qualitative research designs (with an
emphasis on the latter one, such as teachers’ and stu-
dents’ perspective on the feasibility of sit-stand desk
integration into classroom settings, as highlighted in Er-
win et al. is seen as essential for the holistic approach to
the studied intervention."

Conclusions

This pilot study’s findings demonstrate positive effects
of integrating sit-stand desks into primary school class-
rooms. By allowing children to alternate between sit-
ting and standing during cognitive tasks, improvements
were observed in physical distribution, spinal curvature,
and cognitive performance. This research contributes to
a growing body of evidence supporting the adoption of
dynamic workstations in educational settings to address
both physical and cognitive challenges associated with
prolonged sedentary behavior.
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