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Abstract — Posture is mostly understood as an attribute of physical health; however, recent studies have
revealed that it also impacts cognitive functions, thereby reinforcing the mind-body connection. This study
investigates the relationship between sitting postures like conventional sitting on chairs and Indian
cross-legged posture on ground, and their effects on creativity and attention. Creativity was assessed using
Divergent Association Test and Remote Association Test. Meanwhile, attention was assessed using the Stroop
Color and Word Test and the Trail Making Test. 16 students, consisting of 12 males and 4 females, took part in the
study. Results presented that the two postures had a marginal difference in the two tests related to creativity.
However, the group collectively exhibited a decrease in the average time taken to complete the trail test,
demonstrating improved attention in the ICL posture on the ground. Meanwhile, the Stroop effect score
indicated more cognitive interference in the ICL posture. The study findings augment to the foundational
knowledge of the traditional sitting postures like ICL, as well as add significant value for future investigations.
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l. Introduction

Posture refers to the body’s position in space (F, et al. 2017), and are inherent ways by which an
individual stands, walks, sits, etc. It is viewed as an involuntary and unconscious position (Oravitan
2009), reflecting how the body reacts to the force of gravity. Posture is affected by a range of
factors, including neurophysiological, biomechanical, and psych-emotive factors that have evolved
over time (F, et al. 2017). Meanwhile, Mauss's work concludes that bodily actions, such as posture,
are learned behaviors transmitted culturally (Mauss 1973). In addition, Hewes' study (1955) on
postural habits across cultures observed that the sitting postures are quite different in Western
and non-Western societies. Chair-based sitting is quite prevalent in Western societies, while
ground-sitting postures like squatting, cross-legged, are quite common among non-Western
cultures, particularly in Asian societies. This way of ground-sitting practice is thus observed in a
varied set of activities and household chores. It is a common sight in these cultures to find
individuals engaging in routine as well as cognitive tasks like reading, writing, and even sketching,
in such postures. Furthermore, it has been observed that students of design courses in India adopt
such postures in their teaching-learning environment, though it is challenged by constraints like
chair design, formal class setup, etc. (Srivastava, Paul and Atreya 2024, Srivastava, Kumar and
Atreya 2025).

As evidence on mind-body connections is established, it seems intriguing to explore how sitting
postures affect cognitive functions such as creativity and attention. Hence, the objective of this
study is to investigate the relationship between two sitting postures —conventional sitting on a
chair and Indian cross-legged sitting on the ground —and their effects on creativity and attention.

Il. Literature review

The research on mind-body relationships is evolving with stronger associations being evident as
we progress. This connection finds its roots back to ancient Indian scriptures on yoga, where
specific sitting yoga postures aided in the benefit of mental health. Indian cross-legged sitting
postures mimicking yoga postures, such as Siddhasana, impart a soothing effect by alleviating
mental fatigue and stress (S. S. Saraswati 1996). Similarly, Padmasana helps bring about a state of
tranquillity (S. N. Saraswati 1992) and reinforces emotional stability (Naragatti and S 2023). Even
modern healthcare has found evidence and significantly benefited from this mind-body
connection. The study by Marie et al. (2018) on the practice of Mindfulness and Pain Control has
found neurological evidence in treating chronic pain, thus reinforcing this connection. Likewise,
effects of mind-body programs and therapies have found optimistic results, such as positively
affecting the pregnancy rate among infertile women (Ha and Ban 2021); alleviating non-specific
lower back pain (Yang, et al. 2023); and addressing sleep disturbances in cancer survivors
(Nakamura, et al. 2013), etc.

Meanwhile, very few studies have explored the impact of posture on creativity (Michinov and
Michinov 2022). Andolfi et al. (2017) concluded that expansive posture enhances the creativity level.
Similarly, a study by Michinov et al. (2022) found that body postures positively affect creativity.

*Contact: Phone +91-9891343710
DOI: https://doi.org/10.31705/I1DR.v2(2).2025.1
Copyright ® 2025, Integrated Design Research, Department of Integrated Design, University of Moratuwa, Sri Lanka 2


https://doi.org/10.31705/IDR.v2(2).2025.1

Their study demonstrated that expansive postures positively influence creative tasks
necessitating divergent thinking, while contractive postures similarly affect tasks requiring
convergent integrative processes. However, findings by Song et al. (2024), partially aligned with the
latter conclusions, indicate positive influences of expansive posture on divergent tasks, and no
such influences of contractive posture on convergent thinking tasks.

In addition, prior investigations have explored the effects of posture on attention, but these were
oriented towards postural variations like standing and sitting. For instance, a study by Smith et al.
(2019) concluded that standing posture enhanced cognitive function; however, contrasting results
were reported in multiple studies (Caron, et al. 2020, Caron, et al. 2022, Straub, et al. 2022). In
conclusion, previous studies have examined various aspects of postures, including expansive and
contractive postures, as well as standing and sitting positions. However, the two distinct types of
sitting, i.e., chair-based and ground-based, have not been explored much yet. This research
attempts to fill this gap in the current literature.

lll. Methods

16 students from the Department of Design, Indian Institute of Technology Roorkee, India,
participated in the study through convenience sampling. These students were given specific tasks
to assess their creativity and attention in two distinct postures through multiple tools. It included
the Divergent Association Task (DAT)to assess divergent thinking and the Remote Association Test
(RAT) for convergent thinking. Attention was evaluated utilizing two tests- the Stroop Color and
Word Test (SCWT) and the Trail Making Test (TMT). These are further elaborated as below-

A. Creativity
Divergent thinking and verbal creativity are assessed using the Divergent Association Task (DAT). It
entails writing ten words (nouns) that are as dissimilar from one another as possible, and a
computational algorithm estimates the average semantic distance between those words (Olson, et
al. 2021). So, those producing words with higher semantic distances demonstrate higher creativity
in tasks involving divergent thinking. The test was conducted using paper and pen, and the scores
were generated post-test by manually entering the words on the test website

(https://www.datcreativity.com/task) by one of the researchers.

The Remote Association Test (RAT) measures creative convergent thinking. Each question in the
RAT presents a group of words and requires the respondent to provide a single additional word that
connects all the others together. The test, which comprised a set of 10 questions, was
administered on paper and pen and included easy, medium, and hard questions. The test set was
created utilizing the repository from the website (https://www.remote-associates-test.com/). The
scoring was done by giving a +1 mark for a correct answer and O for a wrong or an unattempted
question.
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B. Attention

The Stroop Color and Word Test (SCWT) assesses an individual's ability to inhibit cognitive
interference by presenting two conditions of congruent and incongruent trails. The score is
calculated by taking the average correct response time for incongruent trials and subtracting it
with congruent trials. Incongruent trials indicate that the color of the word and its meaning differ,
while congruent trials feature words whose color and meaning match. Typically, incongruent words
require more time as they draw attention and are less intuitive for individuals. Hence, a lower
Stroop score indicates higher levels of attention, and a higher Stroop score indicates lower levels
of attention. The test can be accessed on the website
(https://www.psytoolkit.org/experiment-library/experiment_stroop.html).

The Trail Making Test (TMT)is a neuropsychological evaluation method intended to assess cognitive
abilities such as processing speed, attention, and likewise (Reimers 2019). There are two parts to
it: A and B. The goal of Part A is to connect the randomly numbered circles in a sequential order
(e.g., 1-2-3...25) as rapidly as possible. Meanwhile, Part B contains both numbered circles and
letters within circles. The participant’s task is to connect alternating numbers and letters in the
following order: 1-A-2-B...12-L. It is a timed test, and the results for both parts are reported in
seconds. A higher score (time) reflects greater cognitive impairment, also conveying that a shorter
time represents higher attention. Various samples of TMT are available and accessible online.

After preparing the test sets for the two posture instances, an experiment plan was formulated that
required various devices, as shown in Figure 1. In the experiment, screen-based tasks were
performed on an HP Pavilion laptop. A laptop stand, Dyazo Laptop Cooling Pad, was used to keep
the laptop screen at the eye level of the participants. For timing the test, a default clock timer was
used on the new 11th Gen iPad Air. The same equipment was employed for both the conventional
and the Indian cross-legged sitting posture (Figure 2). For the conventional sitting setup, we used a
tabletop desk already installed at the department, along with a Geeken office chair that featured
lumbar support and five-pronged legs with castor wheels. For the Indian Cross-legged sitting
posture, we used a short-height desk and provided a cotton mat for the participants to sit. The
whole experiment was captured through imagery and video documentation. Images were captured
using a Samsung A52s 5G (2022 model) mobile phone, while videos were recorded with a Panasonic
HC-V758 handycam mounted on a Fotopro X-Go HR tripod.

Consent for participation and publication was obtained from all the participants (Figure 1, Figure 02).

The experiment plan was designed as follows:

e The potential candidates for the experiment were notified a day in advance to ensure their
availability and to help them plan their schedules accordingly. Participants were informed to
dress comfortably so they could sit on the ground in the Indian Cross-legged (ICL) posture while
performing both paper-based (Figures 2B and 2D) and screen-based tasks (Figures 2A and 2C).
Details about the test were not disclosed until the experiment took place.
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e (On the day of the experiment, the participants were provided detailed information about the
experiment and were required to complete an online consent form before beginning. The
consent form also documented the participant's demographic profile and a few additional
questions, such as the number of hours spent in the two different postures, etc. The
experiment was initiated once the briefing and submission of form was concluded.

e First, Stroop Color and Word Test (SCWT) was accomplished digitally on the Psytoolkit website
(Figure 3). The task was explained, and the participants were encouraged to ask any questions
if they had any doubts.

Figure1
The experiment was set up for both sitting postures.

Figure 2
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Figure 3
Stroop Color and Word test, along with examples of incongruent and congruent trials.

Stroop task instructions =P press button "r", because ink is red

YELLOW = press button "y", because ink is yellow

In this task, you will see color names (red, green,
=P press button "g", because ink is green

blue,yellow) in different "print" colors. You need
to respond to the print color. For example, if you RED =P press button "b", because ink is blue

SOEL It can be difficult, because the name and the ink

color are conflicting (except for yellow in the example
You need to respond to the print color (red), and above). So concentrate and ignore the meaning of
press the associated button ("r"). The other buttons the color words, instead, look at the ink color.

used in this study are "g","b", and "y", for green, blue, You get multiple trials and it takes around 5 minutes
and yellow. to complete. At the end, you get your response times.

bar for more ins

Incongruent Trials (Examples) Congruent Trials (Examples)
GREEN YELLOW GREEN
RED BLUE RED BLUE

Note. This is a screenshot image (arranged in a black background) from the Stroop Color and Word Test (Psytoolkit.org),
accessible through the link: https://www.psytoolkit.org/experiment-library/experiment_stroop.html.

e The second test was the Divergent Association Task (DAT), which was paper-based (Figure 4).
The instructions and rules were included on the paper and also verbally briefed to the
participants. They were instructed to finish the test in under 4 minutes.

Figure 4
DAT Questions.

Divergent Association Task (DAT)

INSTRUCTIONS 1
Please write 10 words that are as different
from each other as possible, in all meanings 2
and uses of the words.

3.
RULES

1. Only single words.

2. Only nouns (eg., things, 5.
objects, concepts).

3. No proper nouns (e.g., no specific
people or places).

4. No specialised vocabulary
(e.g., no technical terms).

5. Think of the words on your own
(e.g.,donot just look at objects
in your surroundings). 9,

6. You will have 4 minutesto
complete this task. 10.
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e The third test was the Remote Association Test (RAT) as shown in Figure 5. To ensure a better
understanding of the test, an example was provided below the instructions, and the
instructions were also verbally briefed before they began writing their answers. Participants
were expected to finish the test in under 5 minutes.

Figure 5
RAT Questions.

Remote Association Test (RAT)

INSTRUCTIONS

Each of the ten problems below consists of three “clue” words.
For each problem, please think of a forth word that relates to each of the other three “clue” words.
Write you response on the line alongside each problem.

EXAMPLE:
Cottage / Swiss / Cake Answer: Cheese

1. Measure / Worm / Video

2. Night /Wrist / Stop
3. Dew/Comb /Bee
4. Dream /Break / Light

5. High / District / House

6. Sense / Courtesy / Plane

7. Fox / Man / Peep

8. Boot/ Summer/ Ground
9. Stick / Maker / Point

10. Fence /Card / Master

e Figure 6 shows the Trail Making Test (TMT- A and B). Part A had to be completed in under 90
seconds (1.5 minutes), while Part B in under 5 minutes. If the participant made a mistake while
connecting the circles, the moderator immediately brought it to their attention to prevent
adding any extra time to their test completion time.
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Figure 6
Trail Making Test (TMT- A and B).

Trail Making Test

INSTRUCTIONS (PART - A) (TMT- A) INSTRUCTIONS (PART - B) (TMT- B)

There are numbers in circles on this page. Please take the pen and draw a ine from one number tothe There are numbers and letters In circles on this page. Please take the pen and draw a line, alternating in

next, in order. Start at 1, then go to 2, then go to 3, and 50 on. Please try not to lift the pen as you move order between the numbers and letters. Start at number 1, then go to the first letter, A, then go to

from one number to the next. Work as quickly and accurately as you can. The circles are numbered 1 - 25, he next number, 2, and then the next letter, B, and 50 on (1-A-2-B). Please try not to lift the pen as
move from one number or letter to the next. Work as quickly and accurately as you can. The circles

include both numbers (1 - 13) and letters (A~ L).
17 4 8 ! 10

15

22 9 4 b

20 19 B
16 18 H
3
13
4
1
7
5 12
13 24 C

6 6 5

14
7
J
1 2
L A
6
8 10 2 3 £
F
9 23
12 11 25 K 1

e Upon completion of all the above tests in a conventional sitting posture on a chair, which would
take about 15-20 minutes, participants were given a 10-minute unmonitored break.
Refreshments, including a variety of biscuits and cookies, were provided just before they took
a break.

e After the break, the same experiments were conducted again with participants seated in the
ICL posture on the ground. They were given the option to remove their footwear as per their
comfort.

IV. Results

The experiment involved a total of 16 participants, comprising 12 males and 4 females. The
demographic details are presented in Table 1along with the time spent on activities for maintaining
their physical and mental health. It was found that an average of half an hour was spent engaging in
some form of activities like yoga, sports, gym, meditation, painting, etc. These participants were
sitting in a conventional posture for approximately 8.34+2.31 hours, and 1.25+1.40 hours in the
Indian cross-legged posture, on a typical day.
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Table 1

Participant overview

Time spent on

Time spent on

Participant Age Weight Height maintaining physical | maintaining mental
Count (in years) (in kg) (incm) health health
(in hours) (in hours)
n=16 26.13+ 3.56 68.25+12.73 168.69 + 7.69 0.56 £ 0.48 0.568+2.33

Below are the test results for all participants in a total of four tasks, performed both in conventional
and Indian Cross-Legged sitting postures. The findings of the experiment can be inferred in two

perspectives: i) a collective insight and ii) individual patterns.

Table 2
Participant Scores from the tests for Creativity
Divergent Association Task (DAT) Score Remote Association Test (RAT) Score
Participant Consvi(tatr;;i;)nal Indian (S:irtotiss(;legged Cons\/itetr;;i;nal Indian Z:'tc;iss;egged
P1 78.24 75.27] 0 0
P2 83.49 81.07) 7 7
P3 68.72 78.661 3 51
P4 79.07 68.88] 5 5
P5 78.69 83.501 3 3
P6 78.43 72.77] 2 1
P7 74.00 69.58] 2 1
P8 78.35 78.20] 2 0}
P9 71.60 82.631 3 1
P10 82.19 75.76] 5 3|
PN 76.53 75.08] 3 51
P12 79.05 74.21) 2 2
P13 73.25 74.051 3 41
P14 79.78 72.58| 4 61
P15 80.03 81.881 3 2]
P16 81.99 83.201 2 2
Total 1243.41 1227.30 49 47
Average 77.71+4 76.71+4.75 3.06+1.61 2.94+2.17

Considering the entire group, we can infer the overall trend for the two postures, i.e., chair-based
sitting and ground-based ICL sitting. According to Table 2, the DAT average score assessing
divergent thinking was 77.71x4 for conventional sitting and 76.71+4.75 for the ICL sitting. Meanwhile,
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the RAT average score assessing convergent thinking was 3.06+1.61 and 2.94+2.17, respectively.
The overall scores from both tests suggest only a marginal difference between the two postures
and no strong group-wise trend. Observing individual patterns in DAT scores, 6 participants thrived
in the Indian cross-legged sitting posture, as evidenced by the increase in their scores, while
others (10 participants) saw declines. This pattern indicates that the performance in divergent
thinking tasks may be posture-sensitive at an individual level, possibly influenced by comfort,
habit, flexibility, lifestyle, etc. In the RAT test, 4 participants improved their scores in the Indian
cross-legged postures, with 6 participants having no change, and the remaining 6 performed better
in the conventional posture. These results align with the indications of DAT scores, suggesting that
the impact of posture change on convergent thinking tasks varies from each individual case.

Table 3
Participant Scores from the tests for Attention

Trail Making Test (TMT) Score Stroop Effect Score
Conventional Indian cross-legged sitting(in | (4 ventional Indian
Participant sitting (in seconds) seconds) sitting (in cross-legged
Part A Part B Part A PartB milliseconds) mﬁ:it;ncgo(r;rés)
P1 36 65 34 50 18 14
P2 32 56 21 45 1 57
P3 21 57 17 38 68 -82
P4 27 57 25 55 56 137
P5 44 59 26 67 -143 192
P6 31 42 33 39 236 237
P7 37 83 26 74 297 293
P8 26 62 32 66 -212 42
P9 17 65 22 59 161 143
P10 29 57 36 48 78 62
PN 16 57 21 45 324 222
P12 41 92 32 73 106 24
P13 41 80 36 67 24 76
P14 23 70 25 66 54 26
P15 46 73 40 54 -158 207
P16 24 85 24 68 -18 191
Total 491 1060 450 914 992 1941
Average 30.69+9.43 | 66.25+13.30 | 28.13+6.64 | 57.13+11.97 62+151.98 121.31+98.94

Table 3 illustrates the duration taken by participants in attempting the Trail-Making Test (TMT)and
the Stroop Color and Word Test (SCWT).
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In TMT, the average time taken to complete Part A was 30.69+9.43 seconds in conventional sitting
and 28.13+6.64 seconds in grounded sitting. Similarly, the average time taken to complete Part B
was 66.25+13.30 seconds and 57.13+11.97 seconds, for conventional and ICL sitting, respectively. 9
and 14 participants improved their scores in Part A and B in the ICL sitting, respectively. This
indicates improved attentiveness among the participants, considering the reduction in the average
time to attempt Part A and specifically Part B, in the ICL sitting posture on the ground.

The Stroop Color and Word test is typically interpreted in a specific manner. The Stroop effect
score is calculated by subtracting the Congruent time from the Incongruent time. Higher positive
scores indicate greater cognitive interference, and lower scores suggest better inhibitory control
and faster cognitive processing. Meanwhile, negative values indicate unusual responses, i.e.,
participants were faster in incongruent conditions than in congruent conditions. In this study, 11
participants showed improvement (decrease in score or shift from negative/unusual to
positive/normal range) in their Stroop effect scores in the ICL sitting postures. Three participants
(P2, P4, P13) performed poorly in this posture, one participant exhibited negligible change (P6), and
another displayed an unusual pattern (P3). While the average Stroop score amplified from 62+151.98
in conventional chair-based sitting to 121.31+98.94 in the ICL sitting, the standard deviation
reduced significantly. This suggests increased cognitive interference in the ICL posture, while
exhibiting a steadier performance in this posture.

V. Discussion and Conclusion

This study investigates the impact of conventional chair-based and Indian cross-legged sitting on
creativity and attention. Regarding creativity, the two postures had a marginal difference in the
divergent and remote association test; however, patterns were visible while analyzing the
individual scores, indicating the significance of factors like habits, lifestyle, flexibility, etc., in the
performance of creative tests. Regarding attention, the group collectively exhibited a decrease in
the average time taken to complete Parts A and B of the trial test, demonstrating improved
attention in the ICL posture on the ground. This finding aligns with the benefits of adopting yoga
postures like sukhasana, padmasana, on mind, as well as various studies that suggest bodily
systems can influence cognitive modes and task performance (Barsalou 2008, Wilson 2002). On the
other hand, the increase in the average Stroop effect score indicated more cognitive interference
in the ICL posture, whereas a reduced standard deviation suggested less variability and more
consistent performance in this posture. The increase in cognitive interference may be attributed to
the physical discomfort among those who are not accustomed to the ICL posture.

Prior research and studies have investigated the impact of conventional sitting on creativity, and
the effect of standing and sitting postures on attention; however, the studies on floor sitting
postures (like ICL) are limited (Gurr, Straker and Moore 1998, Mulholland and Wyss 2001). This study
thus adds to the limited body of research by examining the impact of traditional sitting postures
like the Indian cross-legged, on cognitive aspects like creativity and attention. These findings can
help improve the teaching learning environment by allowing Indian cross-legged sitting postures
for tasks requiring attention and focus. Allowing such postures in the pedagogy has been found to
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be more advantageous than chair-based sitting in physical, mental and additional dimensions like
academic performance (Srivastava and Atreya 2024). Professor Debkumar Chakrabarti, renowned
ergonomic expert and author of the book- ‘Indian Anthropometric Dimensions’, has suggested that
such postures allow free movement and are beneficial for group work and idea generation activities
(Chakrabarti 2013). This encourages design educators to recognize studios as environments where
adapting to ICL posture can enhance the overall learning experience. Additionally, allowing such
postural freedom in design education can foster a more inclusive and user centered learning space.

The limitations of the study must also be noted. First is convenient sampling for participant
selection and the limited sample size. Second, creativity assessment tests like DAT and RAT,
evaluate verbal creativity, meaning proficiency in the English language could affect the test
performance. Third, although the question sets for the two sitting postures differed with a break in
between, there is a chance that the familiarity of question format may have influenced the results.
Fourth, many participants were not accustomed to the ground sitting, and thus adopting the ICL
may have caused physical discomfort which could have affected their test scores and overall
performance.

Therefore, further studies are needed to address these limitations. Future investigations should
involve a wider and more diverse sample; creativity can be assessed with tests that include both
verbal and visual dimensions like the Torrence Test, Guilford's Test, etc.; attention can be
objectively assessed using EEG; substantial gap for better inferences on comparative studies; and
establishing an appropriate selection criterion for study participants to negotiate the issue of
posture unfamiliarity.
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