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Abstract

Background: The Square Stepping Exercise (SSE) is an exercise training program incorporating cognitive and
physical exercise components, which was originally developed for older adults to reduce falling risks. SSE’s potential
in delaying cognitive decline in older adults seems to be promising. However, there is scarce research on the SSE
program with young adults. Furthermore, the outbreak of coronavirus disease has imposed people to change their
lifestyle and behaviors, including exercise behaviors. Hence, the purpose of this study was to examine the acute
effects of a home-based online SSE trial on cognitive and social functions in sedentary young adults.

Methods: A total of 18 young adults (6 males, 12 females) participated in the present study. They completed two
exercise conditions (SSE and active control exercise), consisting of 3 sessions per week, over 2 weeks. A 2 times (pre
vs. post) × 2 conditions (SSE vs. active control) repeated-measures ANCOVA was conducted on the score of the
Modified Card Sorting Task with age and education year as covariates. A one-way repeated-measures MANOVA was
performed on the subscale scores of the Physical Activity Group Environment Questionnaire to examine the effects
of the exercise conditions (SSE vs. active control) on group cohesion.

Results: SSE was found effective to improve executive function such as abstract reasoning, mental flexibility, and
problem-solving skills. Furthermore, participants’ perceptions of social interaction with their group, and closeness
and bonding existing in their group were significantly higher in the SSE condition than the active control
condition.

Conclusions: In the present study, SSE was conducted online and found to be effective to enhance executive
function and group cohesion in sedentary young adults. These novel approach and findings are the strengths of
the present study. People aged 60 years and over are more vulnerable to the coronavirus and at higher risk of
developing serious illness. Given the coronavirus pandemic circumstances, it is worthwhile to explore the possibility
of the online SSE approach to older adults in future research.
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Background
Cognitive and physical exercise done independently can
enhance cognition in both cognitively normal and cogni-
tively impaired individuals. A review of such interven-
tions [1] has suggested that combining both cognitive
and exercise training in an intervention program may be
advantageous to increase this enhancement. This type of
activity has yet to be well researched and implemented.
One of the training programs that incorporate both

cognitive and physical exercise components is the
Square Stepping Exercise (SSE) [2]. SSE is a form of
stepping exercise training that can be easily conducted
in a group setting without high cost of materials and
equipment. It was developed for older adults to do exer-
cise indoors by overcoming challenges faced when walk-
ing outdoors. Furthermore, SSE has the potential to
promote social interactions when it is conducted in a
group setting [2].
Initial studies of 12-weeks SSE program conducted

in Japan revealed that SSE was effective to reduce fall
risks in healthy community dwelling older adults [2–
4]. Ravichandran et al. [5] reported that a 4-week SSE
program was useful to improve balancing and gait
abilities of older adults with Parkinson’s disease. These
findings are corroborated by recent meta-analytic re-
views of the effects of SSE on fall prevention [6, 7] and
it was shown that SSE is effective in preventing the
risks of falling by improving balance. The SSE was also
found to improve older adults’ depressive symptoms
[8] and cognitive functions [9–11]. Teixeira et al. [9]
reported that a 14-week SSE program was effective to
improve global cognition, attention and mental flexi-
bility in Brazilian older adults. In addition, cognitive
gains in memory and executive function were found in
Japanese older adults [10, 11].
Acute versus chronic exercise is one of the very im-

portant distinctions concerning the protocols to study
the effect of exercise on cognition and physical functions
and they need to be distinguished [12]. The Quadrato
Motor Training (QMT), developed by Paoletti [13], is
whole-body movement training with oral instructions
(e.g., a specifically-structured walking). This is another
exercise training program that incorporates both cogni-
tive and physical exercise components. Ben-Soussan and
colleagues conducted a series of studies to examine both
acute and chronic effects of the QMT on cognitive func-
tions in healthy young adults [14–16]. For the acute ef-
fects of the QMT, they found that a short (7 min) QMT
session induced cognitive improvements (e.g., decreased
reaction time, increased ideational flexibility), as opposed
to the two other intervention conditions such as a sim-
ple motor training and verbal training [14, 15].
Both SSE and QMT include stepping movements. Ac-

cording to the results of the above studies on the

chronic effects of the SSE program, SSE’s potential in re-
ducing falling risks and delaying cognitive decline in
older adults seems to be promising. However, there is
scarce research on the SSE program with young adults
as SSE was developed for older adults. Furthermore, no
one has investigated the acute effects of SSE on cognitive
functions. Hence, the primary purpose of the current
study was to examine the acute effects of SSE on cogni-
tive functions in sedentary young adults.
The outbreak of coronavirus (COVID-19) disease has

imposed people to change their lifestyle and behaviors.
When participating in a group exercise, people have
been requested to keep a safe distance from others and
reduce physical interactions to prevent infection. The
SSE program was conducted online in this study to
maximize the safety of participants. Therefore, the sec-
ondary purpose of the study was to investigate if group
cohesion would be enhanced through a home-based SSE
trial conducted online.

Methods
Participants and procedures
A sample of 18 young adults (6 males, 12 females; Mage

= 22.80 years, SD = 1.17; Mbody mass index = 22.04 kg/m2,
SD = 3.80) participated in the present study. Participants’
physical characteristics are summarized in Table 1. Par-
ticipants were recruited in Singapore with the following
inclusion criteria: (a) aged between 21 and 29 years old;
(b) exercise less than three times per week and not more
than 30 min each time; and (c) no psychiatric or neuro-
logical disorders.
Prior to the data collection, a statistical power analysis

was conducted using G*Power version 3.1.9.4 [17] to de-
termine appropriate sample size for a repeated-measures
ANOVA. Based on the estimated effect sizes for the ef-
fect of SSE on cognitive functions (f = 0.29; Teixeira
et al. [9]), it was estimated that 18 participants would be
required to achieve a power of 0.80 at the alpha level of
0.05 [18] for the repeated within-subjects analysis of 1
group and 4 measurement time points (2 measurement
time points in two conditions). Ethical approval was ob-
tained from an Institutional Review Board before all test-
ing. Participation was voluntary and informed consent
was received from each participant. This study was con-
ducted according to the guidelines and procedures

Table 1 Physical characteristics of participants (N = 18)

Male (n = 6) Female (n = 12) Total (N = 18)

Age (years) 23.50 (± 1.52) 22.40 (± 0.79) 22.80 (± 1.17)

Height (m) 1.74 (± 0.07) 1.63 (± 0.06) 1.66 (± 0.08)

Weight (kg) 76.12 (± 11.19) 53.70 (± 5.28) 61.17 (± 13.15)

BMI (kg/m2) 25.29 (± 3.90) 20.41 (± 2.60) 22.04 (± 3.80)

Note. Data are Mean (SD)
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involving human subjects, which were approved by the
Institutional Review Board.
A counterbalanced cross-over design with two differ-

ent conditions (SSE and active control exercise) was
employed. A pair of researchers conducted every exer-
cise session. One led the session as the main instructor
and the other supported the main instructor as a sub-
instructor. They rotated their roles in every session. To
minimize the waiting time in the SSE condition, partici-
pants were randomly divided into four groups of four to
five individuals based on their availability for exercise
sessions. The sequence of the groups undergoing either
of the conditions was counterbalanced to minimize the
effect of the previous exercise condition on the other
(see Fig. 1). That is two groups underwent the SSE first
and then the active control exercise, whereas the other
two groups underwent the exercises in the opposite se-
quence. The interval between the two exercise condi-
tions was 2–4 days across the four groups. The exercise
sessions for both conditions were conducted online

through Zoom, an online video conferencing software,
and were scheduled in the evening. For each group,
every session was conducted at the same time to
minimize the effect of time of day on the outcome vari-
ables. All participants were required to attend three ses-
sions per week over two weeks, and they participated in
every session. Each exercise session comprised of 5 min
of warm-up activities, 30 min of the main exercise (SSE
or active control exercise), and 15 min of cool-down.

Exercise protocol
Square Stepping Exercise
SSE was carried out on a thin mat (100 cm × 250 cm)
that was partitioned into 40 squares (25 cm each). Par-
ticipants received the SSE mats from the researcher
prior to the SSE condition. They were advised to set the
video camera device at a good location so that the in-
structors can see the entire mat and evaluate partici-
pant’s performance clearly. The SSE program involved
multi-direction movements including forward, backward,

Fig. 1 Flow of study design
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lateral and oblique step patterns (see Shigematsu et al.,
[2, 3] for the details of SSE). The SSE patterns are cate-
gorized into 3 levels (elementary, intermediate, and ad-
vanced) based on the complexity of the stepping
patterns. From the list of SSE patterns developed by the
Institute for Square Stepping Exercise [19], 25 patterns
were selected for this study: 8 elementary, 8 intermedi-
ate, and 7 advanced patterns. Figure 2 indicates a sample
of three SSE patterns of different level of difficulty.
An instructor demonstrated a stepping pattern to par-

ticipants at the beginning of each round. Participants
were required to memorize the pattern demonstrated.
Subsequently, they stepped from one end of the mat to
the other by following the stepping pattern demon-
strated by the instructor. They had to complete each
pattern accurately two to three times before proceeding
to a more complex step pattern. The other instructor
evaluated the participant’s movements for accuracy. Par-
ticipants took turns to perform the pattern introduced
in each round. Once completed, they returned to the
starting position by walking outside the mat. While wait-
ing for their turn, participants were instructed to walk
on the spot to ensure that they were constantly moving.
On average, three to five stepping patterns were taught

in each SSE session. Every participant was required to
pass the assessment round in order for the group to pro-
gress through the patterns. The criteria for passing each
assessment were: (a) accuracy of the footsteps, which is
accurately placing the entire ball and the toe of the foot
within the demarcated boxes on the SSE mat, (b) a knee
raise, which is perpendicular to the body were the main
criteria for passing, and (c) correct placement of the feet,

which is remembering and performing the correct pat-
tern of steps.

To simulate the social conditions of a face-to-face
SSE session, interactions between participants were pro-
moted in the online SSE session. Each participant was
randomly assigned another participant as their partner
in each session, and participants made a pair with a dif-
ferent partner on all three sessions. The partners were
required to provide encouragements through the
provision of virtual hi-fives and words of encourage-
ments whenever their partners have completed a round
of the SSE exercise.

Active control exercise
Walking on a spot at a similar intensity level was used
as an active control exercise. The active control exercise
was employed in this study to clarify that differences be-
tween the two conditions were due to the cognitive and
social aspects of the SSE rather than physical aspects of
the exercise. The intensities of the SSE and the active
control exercise were preliminarily compared among
four authors by measuring the heart rate during both ex-
ercises and it was found that exercise intensities were
similar to each other (SSE: 58–75 bpm; Active control:
59–77 bpm).
In the active control condition, the main instructor

demonstrated knee raise and lateral stepping to mimic
the physical bodily movements of SSE. The instructor’s
screen was spotlighted on the Zoom platform. Partici-
pants were required to simply follow the demonstrated
movements on the same spot without any interaction
between group members. The movements in the active

Fig. 2 Sample of SSE patterns of varying difficulties, from left to right, A Beginner level, pattern 3, B Intermediate level, pattern 1, and C
Intermediate level, pattern 7. (adapted from https://square-step.org/)
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control condition are listed in Table 2. Participants re-
peated three sets of the movements in every session.

Measures
Executive function
The Modified Card Sorting Task (MCST) [20] was car-
ried out by using Inquisit 5 [21] to measure executive
function such as abstract reasoning, mental flexibility,
and problem-solving skills. The MCST scoring is based
on the number of categories completed and the total
number of perseverative errors. The total number of
perseverative errors was used as a primary MCST score,
according to Caffarra et al.’s [22] recommendation. The
test was administered to participants before and after
the second and third sessions of both the exercise condi-
tions. Participants could familiarize themselves with the
test sufficiently through practice in the second session.
This approach was employed to attenuate practice ef-
fects on the MCST data in the third session [23]. There-
fore, only the MCST data collected in the third session
of both conditions were used for subsequent data
analysis.

Group cohesion
The Physical Activity Group Environment Questionnaire
(PAGEQ) [24] was used to measure participant’s percep-
tions of cohesion in their exercise groups. The PAGEQ
is a 21-item instrument, consisting of the four dimen-
sions: Individual Attractions to the Group—Task (ATG-
T: personal involvement with the group task), Individ-
uals Attractions to the Group—Social (ATG-S: personal
acceptance and social interaction with the group), Group
Integration—Task (GI-T: the closeness and bonding that
exists within the group as a totality around its collective
task), and Group Integration—Social (GI-S: the closeness
and bonding that exist within the group as a totality
around social concerns). Participants were asked to indi-
cate the degree to which they agreed with the statement
of each item on a 9-point Likert-type scale, ranging from

1 (very strongly disagree) to 9 (very strongly agree). The
PAGEQ was completed by participants immediately after
the last session of each exercise condition.

Data analysis
A 2 times (pre vs. post) × 2 conditions (SSE vs. active
control) repeated-measures ANCOVA was conducted
on the MCST score with age and education year as co-
variates [22]. A one-way repeated-measures MANOVA
was performed on the PAGEQ subscale scores to exam-
ine the effects of the exercise conditions (SSE vs. active
control) on group cohesion.

Results
Executive function
A 2 times (pre vs. post) × 2 conditions (SSE vs. active
control) repeated-measures ANCOVA on the total num-
ber of the MCST perseverative errors revealed that none
of the main and interaction effects were significant (see
Fig. 3 for descriptive statistics of the value). Considering
both conditions were exercise conditions with similar
physical intensity and bodily movements, these non-
significant effects were understandable. To examine the
score in more detail, a paired t-test was separately con-
ducted for each condition. It was found that the total
number of the perseverative errors (pre: M = 4.94, SD =
1.62; post: M = 4.17, SD = 1.38) was significantly reduced
in the SSE condition, t(17) = 2.72, p = .015, d = 0.1.32,
whereas the score was unchanged before and after the
exercise session in the active control condition (pre:
M = 4.72, SD = 1.90; post: M = 4.72, SD = 0.96).

Group cohesion
Figure 4 shows the averaged four PAGEQ subscale
scores in the SSE and AC conditions. A one-way
repeated-measures MANOVA on the PAGEQ subscale
scores indicated that the main effect of conditions was
significant, (F[1,16]= 3.05, p = .05, ηp

2 = 0.48). Separate
univariate ANOVAs revealed that the scores of ATG-S
(F[1,16] = 10.10, p < .01, ηp

2 = 0.39, M = 5.49, SD = 1.30)
and GI-T (F[1,16] = 11.56, p < .01, ηp

2 = 0.42, M = 6.09,
SD = 0.85) in the SSE condition were significantly higher,
compared to the active control condition (ATG-S: M =
4.83, SD = 1.19; GI-T: M = 5.05, SD = 1.21).

Discussion
The present study aimed to examine the effects of SSE
on cognitive and social functions in sedentary young
adults as there is scarce research on the SSE program
with young adults. As the study was conducted amid the
COVID-19 pandemic, all exercise sessions were carried
out online. Therefore, the study also investigated
whether group cohesion could be enhanced in the SSE

Table 2 Movements in the active control condition

Flow of the Movements Duration

1. Marching on the spot 90 s

2. Walking on the spot 30 s

3. Side-to-side stepping 90 s

4. Walking on the spot 30 s

5. Knee-to-chest stretching (2 counts hold) 90 s

6. Walking on the spot 30 s

7. Hip circumduction (outwards & inwards) 90 s

8. Walking on the spot 30 s

9. Reaching up and marching on the spot 90 s

10. Short break 30 s
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condition compared to the active control condition, even
though all the exercise sessions were conducted online.
Results revealed that SSE was effective to improve ex-

ecutive function such as abstract reasoning, mental flexi-
bility, and problem-solving skills in sedentary young
adults. Such improvement was not observed in the active
control condition although the intensity and bodily
movements of the two exercises were similar. The sig-
nificant improvement on the MCST score observed in
the present study was consistent with the finding re-
ported by Teixeira et al. [9]. In their study, participants
were 41 older adults and the 40-min SSE sessions were
implemented three times per week over 16 weeks (i.e.,

48 sessions in total). Given that the training period was
relatively short in this study (3 sessions in a week), the
significant improvement on the MCST score was some-
what surprising. However, the consistent findings of
these two studies suggest that the improved executive
function observed in the SSE condition might be attrib-
uted to the cognitive demands required in SSE.
Executive functions refer to a family of top-down men-

tal processes that are required when individuals must
concentrate and pay attention, when going on automatic
or relying on instinct or intuition are ill-advised, insuffi-
cient, or impossible [25]. According to Diamond [25,
26], there are three core executive functions: inhibition

Fig. 3 The total number of the Modified Card Sorting Task (MCST) in Square Stepping Exercise (SSE) and Active Control (AC) conditions. Error
bar: SD

Fig. 4 The averaged four subscale scores of the Physical Activity Group Environment Questionnaire (PAGEQ) in Square Stepping Exercise (SSE)
and Active Control (AC) conditions. ATG-T: Individual Attractions to the Group—Task; ATG-S: Individuals Attractions to the Group—Social; GI-T:
Group Integration—Task; GI-S: Group Integration—Social. Error bar: SD. *: Significant difference at p < .01
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(inhibitory control, including behavioral inhibition and
interference control), working memory (holding infor-
mation in mind and mentally working with that infor-
mation), and cognitive flexibility (mental flexibility that
enables us to flexibly adjust to changing demands or to
overcome unexpected problems). In the SSE program,
participants had to pay close attention to the instructor’s
demonstrations to memorize stepping patterns and exe-
cute those steps subsequently. They are also required to
inhibit and change their natural walking behaviors to
complete the demonstrated complex steps accurately.
On the other hand, participants simply followed the
movements demonstrated by the instructor in the active
control condition. Thus, the three core executive func-
tions were stimulated in the SSE program, but not in the
simple stepping exercise conducted in the active control
condition. These unique characteristics of the SSE pro-
gram are considered to contribute to the improved ex-
ecutive function measured by the MCST. When SSE is
conducted in a group setting, it has the potential to pro-
mote social interactions [2]. In the present study, partici-
pants perceived that social interaction with their group
(ATG-S) and closeness and bonding existing in their
group (GI-T) were significantly higher, compared to the
active control condition. This result demonstrated that
social interactions and bonding were promoted more in
the SSE sessions, even though participants were not
physically at the same location. It was reported that so-
cial interaction among participants were enhanced in the
face-to-face SSE program [10, 11]. In the online SSE ses-
sions in the present study, interaction between partici-
pants were promoted by making a pair in every session.
The partners provided encouragements through the
provision of virtual hi-fives and words of encourage-
ments whenever their partners have completed a round
of the SSE exercise. These encouragements from the
partners were considered to increase the participant’s
perception of personal involvement with the SSE exer-
cise and the closeness and bonding within the pair. The
score of the other two PAGEQ subscales (ATG-T and
GI-S) was similar between the two exercise conditions.
These non-significant results make sense, given that the
intensity of the exercises was similar and the duration of
each session was identical. Participants had no chance to
go out after the session because they joined the exercise
sessions in the evening from their home under the cir-
cumstances of the COVID-19 pandemic.
In the present study, SSE was conducted online and

found to be effective to enhance executive function and
group cohesion in sedentary young adults. These novel
approach and findings are the strengths of the present
study. Despite the strengths, there are limitations to the
current study. Participants were not fully randomized
due to their availabilities when they were allocated to a

group. Furthermore, the natural development of social
interactions after the exercise sessions was inhibited
under the COVID-19 pandemic circumstances.
People aged 60 years and over are more vulnerable to

the coronavirus and at higher risk of developing serious
illness [27]. Considering the current pandemic situation,
it is worthwhile to explore the possibility of the online
SSE approach to older adults and examine its long-term
effects on cognitive, physical, psychological, and social
functioning in both young and older adults in future
research.
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