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The purpose of this study was to examine the effects of virtual reality 
exercise (VRE) using Nintendo Wii-Fit on physical fitness of Korean 
adults with schizophrenia living in a mental health facility located in 
South Korea. Two male participants diagnosed with schizophrenia, 
ages 53 and 61, were recruited and selected for inclusion in this study. 
The intervention using the Nintendo Wii-Fit consisted of 35-min ses-
sions, 3 times per week for 8 weeks and was facilitated by the primary 
researcher and two graduate students. The senior fitness test and 10-m 
walking test were used to measure the physical functioning, specifical-
ly, physical fitness and mobility, of the participants. The study was divid-

ed into three phases using an A-B-A single-subject design and involved 
multiple repeated measures of functional physical fitness. Both partici-
pants were evaluated each week for the duration of 18 weeks. Both 
participants exhibited measureable improvement in some of the physi-
cal fitness measures, but not in the mobility. These results thus provide 
preliminary evidence to support the use of VRE to improve physical 
function for Korean adults with schizophrenia as an alternative exercise 
regimen to the conventional exercise.
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INTRODUCTION

Schizophrenia is one of the major mental health issues that may 
jeopardize health, well-being, and the overall quality of life of in-
dividuals (Ryu et al., 2015). According to the Diagnostic and Sta-
tistical Manual of Mental Disorders-5, “Schizophrenia is charac-
terized by delusions, hallucinations, disorganized speech and be-
havior, and other symptoms that cause social or occupational dys-
function” (American Psychiatric Association, 2013). While stud-
ies attribute the primary causes of schizophrenia to biological or 
psychosocial factors, the major cause underlying the schizophrenia 
remain unclear (Carson et al., 2001). In addition to delusion and 
hallucination, schizophrenia often coexists with other health-relat-
ed issues such as diabetes and hypertension (McGlashan, 1988). 
As a result, schizophrenia is one of the most costly disorders 
among adults (Bartels et al., 2003). De Hert et al. (2009) indicat-
ed that one of the main health issues in the management of 
schizophrenia is to reduce secondary physical health issues such as 

the risk of developing metabolic syndromes including diabetes, 
cardiovascular disease, hypertension, obesity, and hyperglycemia. 
Ryu et al. (2015) reported that individuals with schizophrenia do 
not generally engage in structured exercise on a regular basis and 
typically engage in other unhealthy lifestyles, such as having an 
irregular eating and sleeping schedule. They also reported that 
engaging in an exercise program with both cardiovascular and re-
sistance training could help resolve physical health issues of indi-
viduals with schizophrenia by improving their cardiovascular 
strength and endurance, muscular strength, and flexibility. Thus, 
exercise can be part of a treatment protocol to meet the physical 
health needs of adults with schizophrenia. However, few studies 
have addressed the need for physical activity programs to help in-
dividuals with schizophrenia living in a restricted environment. 

Benefits of exercise
Various treatments, including psychotherapy (Brus et al., 

2012), pharmaceuticals, milieu therapy, and the use of exercise 
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(Vancampfort et al., 2014), have been tested and administered to 
those with schizophrenia. The evidence of the benefits of exercise 
in general to improve physical, emotional, and cognitive function 
has been documented in the literature (Jeffs and Wiseman, 2013; 
Leenders et al., 2013; Madden, 2013). The benefits of exercise (e.g., 
positive effects on hypertension, body composition, cardiovascular 
endurance, emotional well-being, and cognitive function) for those 
with schizophrenia have also been well documented in the litera-
ture (Acil et al., 2008; Beebe et al., 2005; Doyne et al., 1983; Wu 
et al., 2007). In addition to its direct effects, participating in exer-
cise with other people creates an environment in which partici-
pants feel emotionally stable and comfortable. This, in turn, facil-
itates social cohesion with other participants through nonverbal 
communication, thus helping to increase levels of physical capaci-
ty and opportunities for social networking (Zschucke et al., 2013). 

Despite evidence of the positive effects of exercise, people with 
schizophrenia generally have low levels of physical fitness when 
compared to the general population because of the lack of oppor-
tunities to engage in meaningful physical activity (Faulkner et al., 
2006). Adherence to exercise regimes is also a challenge for people 
with schizophrenia due to living in a restricted environment in 
Korea (i.e., a closed ward in a mental health facility) where oppor-
tunities to engage in meaningful exercise are not readily available 
(Lindamer et al., 2008). In addition, the side effects associated 
with schizophrenia medications including increased risk of meta-
bolic syndrome, a decline in cognitive function, and cardiovascu-
lar disease can discourage individuals from engaging in physical 
activity (Akbostanci et al., 1999; De Hert et al., 2008; Hennek-
ens et al., 2005; Jibson and Tandon, 1998). Particularly, individu-
als with schizophrenia tend to show symptoms of drowsiness, de-
creased attention span, weight gain, sexual dysfunction, decreased 
motor function and agitation due to medication side effects 
(Marder et al., 2004). Consequently, individuals with schizophre-
nia who live in a restricted environment at a psychiatric hospital 
may even be at greater risk for inactivity than the communi-
ty-dwelling general population.

Virtual reality, ecological task analysis, and affordance
Virtual reality and ecological task analysis

Virtual reality (VR), also referred to as immersive multimedia 
or computer-simulated life, involves replicating an environment 
to simulate physical presence in real or imagined worlds, and al-
lows the user to interact in that world. VR can be theoretically 
supported for use as an intervention, as it involves ecological task 
analysis (ETA), which is grounded in the concept of “affordance” 

(Hahn and Lee, 2001). ETA initially presented by Davis and Bur-
ton (1991), is probably a detailed and comprehensive model that 
applies dynamical systems and related theories to the assessment 
and intervention of movement development (Burton and Davis, 
1996). ETA involves a movement system that appears because of 
the interaction among task performers, task goals, and the envi-
ronment. It is composed of four steps: (a) setting up the task goals 
by structuring the physical and social environments; (b) enabling 
choices of movement solutions; (c) manipulating performer, envi-
ronmental, or task variable; and (d) providing instruction (Davis 
and Burton, 1991). Through these steps, individuals can improve 
functional movement pattern as they gain control over his or her 
surrounding environment. These steps are based on the concept of 
affordance described as follows. 

Affordance
Affordance refers to situations during which individuals exert 

their highest performance when they feel their surrounding envi-
ronments are most accommodating (Davis and Burton, 1991). For 
example, a playground affords for playing while it does not afford 
for studying because of noise generated from the surrounding en-
vironment. While most individuals may feel an environment af-
fording for interaction between the individuals and the environ-
ment, some individuals may have a personal constraint that hin-
ders effective interaction with an environment that may be acces-
sible to others. In that case, the environment needs to be modified 
to allow the individuals to feel afforded. However, not all environ-
ments allow for modification. VR permits environmental modifi-
cation to afford for effective interaction between individuals and 
environments. In the case of patients diagnosed with schizophre-
nia living in a restricted environment, participating in various 
forms of exercise with other people is difficult because of the re-
stricted environment in a closed ward (Lindamer et al., 2008). 
Virtual reality exercise (VRE) can provide an affordable means to 
directly experience various forms of exercise that are not easily ex-
perienced in reality. 

VRE can encourage physical activity at anytime, anywhere and 
can facilitate compliance with regular physical activity (de Bruin 
et al., 2010). Programs based on VR can safely and easily simulate 
a real environment to accommodate individuals with unique 
needs. It also offers a cost-effective intervention while stimulating 
both physical and cognitive skills in a socially interactive setting 
(Weybright et al., 2010). This motivates participants to not only 
engage in physical activity but also encourages them to partici-
pate in the program for a sustained period of time because it is en-
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joyable, fun, and safe (Flynn et al., 2007). VRE is beneficial in 
that they promote improved voluntary movement control and co-
ordination for individuals with cerebral palsy (Bryanton et al., 
2006), motor control among those with Parkinson’s disease (Fer-
rarin et al., 2004), and mobility among those who have experi-
enced cerebrovascular accidents (Jaffe et al., 2004). However, few 
studies have been conducted to test the use of VRE for patients 
diagnosed with schizophrenia, who reside in a restricted living 
environment, and who lack opportunities to engage in physical 
activities. VRE can provide this population with an accessible en-
vironment for their physical activity needs. 

The main purpose of the current study was to examine the ef-
fects of VRE using Nintendo Wii-Fit (Nintendo of Korea, Seoul, 
Korea) widely used software in VRE on the physical functioning 
capacity of Korean adults with schizophrenia living in a restricted 
environment in a mental health facility. An additional purpose 
was to examine whether VRE can be an effective, safe, and enjoy-
able alternative regimen to traditional exercise programs that ulti-
mately increases adherence to exercise for those living in a restrict-
ed environment. 

MATERIALS AND METHODS

Participants
Participants for this study were recruited from a psychiatric 

hospital located in South Korea. Participants were included if 
they were: (a) 50 or older in age, (b) 25-year postschizophrenia di-
agnosis, (c) independent in activities of daily living, and (d) able 
to participate in physical activity requiring musculoskeletal 
movement without difficulty as determined by self-report Fifteen 
initial participants were recruited through a poster advertisement 
and through personal contacts at the hospital. Only four patients 
satisfied the inclusion criteria and were selected in the study. 
However, due to health issues that occurred after the selection 
process, two of the participants had to withdraw during the initial 
phase of the study, leaving only 2 participants. One patient, Kim, 
is a 61-year-old male patient who was diagnosed as having schizo-
phrenia in 1986. The other patient, Park, is a 53-year-old male 
patient who was diagnosed as having schizophrenia in 1980. 
Pseudonyms are used to protect anonymity of study participants.

Setting	
This study was performed in a psychiatric hospital located in 

the mid-region of South Korea. The hospital did not provide 
structured exercise on a regular basis to patients, so the partici-

pants in this study had not engaged in structured exercise in the 
hospital before taking part in the current research. The VRE pro-
gram was facilitated by primary researcher and two graduate stu-
dents studying at the affiliated school assisted the primary researcher.

The study was approved by the Institutional Review Board at 
the primary researcher’s affiliated university for the use of human 
participants in research. A consent form was distributed and read 
to the participants. 

Research design
The current study followed a single-subject research design that 

is appropriate for small sample sizes and multiple repeated mea-
sures over a period of time (Dattilo et al., 2000). In single-subject 
research, changes in a participant’s behavior are plotted on a graph 
and analysis is done visually without the use of inferential statisti-
cal analysis (Kim and Kim, 2009). For this study, an A-B-A, la-
beled as “A1-B-A2,” single subject research design was used and 
administered in three phases: baseline (A1), intervention (B), and 
final baseline (A2). Individual data were collected and assessed 
during the A1 phase. The VRE program was implemented 
during the B phase, and changes were, again, observed and re-
corded during the A2 phase. When using this design, changes are 
expected during and shortly after the intervention as effects, and 
no change or regression to A1 is expected when no intervention is 
provided during the A2 phase (Retarekar et al., 2009). Although 
A-B-A-B design is conventionally used in single subject design 
research, A-B-A design still can provide confidence in the re-
searcher’s ability to determine the impact of treatment (Zhan and 
Ottenbacher, 2001). Retarekar et al. (2009) used this design as 
their research approach to investigate the effects of an exercise 
program for a child with cerebral palsy, and reported that the use 
of this research procedure can provide valuable clinical informa-
tion due to its feasibility in a clinical setting when used with the 
small number of participants in a limited time frame.

Research was conducted for a duration of 18 weeks for each par-
ticipant. Each of the A1 and A2 phases consisted of a 3-week as-
sessment without an intervention while the B phase lasted 8 
weeks with the intervention. All measurements were assessed 14 
times during the course of the study (3 times for A1, 8 times for 
B, 3 times for A2). All assessments were administered and facili-
tated by the primary researcher and two graduate students.

Dependent variables and assessment instruments
The four variables of physical fitness, mobility, reaction time, 

and body composition were measured to assess the participants’ 
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physical functioning, as is generally recommended when assessing 
the physical function of adults with schizophrenia (Birkett et al., 
2007; Gale and Holzman, 2000; Ryu et al., 2015). However, be-
cause the latter two variables were only measured 4 times through-
out the course of the study, the data were not included in the final 
analysis. The senior fitness test (SFT) for physical fitness, and a 
10-m walking test for mobility were used to examine the effects of 
the VRE on physical functional capacity. Definitions and detailed 
information on the assessment tools is described as follows. 

Physical fitness
Physical fitness is defined as “the ability to carry out daily tasks 

with vigor and alertness, without undue fatigue and with ample 
energy to enjoy leisure-time pursuits and to meet unforeseen 
emergencies” (Caspersen et al., 1985). Low physical fitness has 
been recognized as a prominent health related risk factor for peo-
ple with schizophrenia for cardiovascular diseases and metabolic 
syndrome (Vancampfort et al., 2014). The SFT, which was devel-
oped by Rikli and Jones (2013), assesses the physical fitness of 
older adults by focusing on the ability to perform basic functional 
movements, such as walking, stair climbing, and standing up. It 
also assesses six areas of fitness in seven different test modes. The 
test is safe and requires no special equipment to measure the phys-
iological nature of fitness. Six areas of functional fitness are mea-
sured by performing the following movement tasks: chair stand 
(lower body strength), arm curl (upper body strength), 2-min step 
(cardiovascular endurance), chair sit and reach (lower body flexi-
bility), back stretch (upper body flexibility), and 8 foot up and go 
(agility/dynamic balance). The SFT reports reliability with Cron-
bach α of 0.89 for the chair stand, 0.81 for the arm curl, 0.90 for 
the 2-min step, 0.95 for sit and reach, 0.96 for back stretch, and 
0.95 to the 8 foot up and go. This test also reports a validity of 
0.77 for the chair stand, 0.74 for the 2-min step, and 0.83 for sit 
and reach. The tests were administered in accordance with SFT 
manual by two trained graduate research assistants. More detailed 
information about the test is well described in SFT by Rikli and 
Jones (2013).

Mobility (walking ability)
Patients with schizophrenia frequently show disabling gait 

deficits such as decreased walking speed, reduced stride length 
and balance deficits (Putzhammer et al., 2004). A 10-m walking 
test was conducted to assess participants’ mobility. The purpose of 
this test is to assess walking speed in meters per second over a 
short distance. A 14-m walking test was conducted to control for 

the acceleration and deceleration at the beginning and at the end 
of the walking test, but only the time to walk 10 m in distance 
was measured. Liston and Brouwer (1996) reported that the 10-m 
walking test was reliable, with a Cronbach α of 0.96. 

Data collection procedures
The interventions and assessments were conducted consistently 

at the same time of day in the morning before providing the in-
tervention. However, all tests were not conducted following the 
same order in an effort to prevent potential practice effect. Three 
steps were used to develop the intervention protocol. First, a thor-
ough review of the literature related to VRE programs and an ac-
tivity analysis of protocols used in previous VRE studies were 
conducted to identify and analyze essential components to be in-
cluded in the protocol. Based on our analysis, the intervention of 
this study included components to stimulate cardiovascular en-
durance, muscular strength, agility, and attentional control. After 
our initial protocol was developed, an expert panel was consulted 
to further discuss validity of the protocol for the given population. 
Three experts in exercise science were involved in the process. Fi-
nally, a pilot test was conducted for adults enrolled at another ex-
ercise program offered at the researcher’s affiliated school to ensure 
the trustworthiness of the protocol.	

A1 phase
The A1 phase lasted three weeks and worked to establish the 

baseline data of the participants prior to commencing the inter-
vention phase (B). The participants completed all assessments pri-
or to starting the intervention during the A1 phase. The SFT and 
the 10-m walking test were conducted three times for 3 weeks. 
No structured exercise program was carried out at the hospital 
during the A1 phase. Participants received their routine medical 
treatment at this time. 

B phase
The VRE protocol was developed and administered to the par-

ticipants using the Nintendo Wii-Fit software. Nintendo Wii-Fit 
is extensively used in rehabilitation settings as a VRE program for 
people who cannot actively participate in real environment exer-
cise because of various physical limitations (Pompeu et al., 2012). 
The Wii-Fit program is equipped with a balance board that de-
tects participants’ movement and transmits participants’ move-
ment data to the Wii console. Participants engaged in a VRE pro-
gram 3 times per week for 35 min over an 8-week period together 
at the same time. During the B phase, SFT and the 10-m walking 
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test were administered every week, totaling 8 times, while body 
composition and reaction time were measured twice at halfway 
and the end of the intervention. 

Each VRE program consisted of 5 min of stretching, 25 min of 
VRE, and 5 min of stretching at the end of the program. As in 
the A1 and A2 phases, no other exercise or physical activity pro-
grams were administered to the participants. The participants 
then completed all of the intervention sessions during the B 
phase. See Table 1 for the specific VRE exercise protocol.

A2 phase
As in the A1 phase, all of the tests were administered to the 

participants to establish baseline measure on dependent variables 
in the absence of the intervention. The tests were performed one 
month after the intervention to clear the effects of the interven-
tion. The 10-m walking test was conducted 3 times during this 
phase. The body composition and reaction time were assessed 
once at the beginning of this phase. 

Data analysis
Analysis was based on visual interpretation of plotted raw data. 

The most common data-analysis approach used in single-subject 
designs is visual analysis (Haegele and Hodge, 2015). By using 
this approach, researchers can indicate evidence of a causal relation 
between an intervention and outcome variable (Cooper et al., 
2007; Kratochwill et al., 2010). In this study, dependent variables 
(i.e., physical fitness, mobility) for each participant were plotted 
on a graph to show trend lines. Trend line was established through 
changes in slope and extent within each plot. Because of differenc-
es in the frequency of data collected at each stage of the study 
(baseline, intervention, post intervention baseline) and the small 
number of measurements, statistical analysis to support the visual 
interpretation of the data was not appropriate but slope and level 
changes are appropriate for small number of research participants. 
The typical analysis includes trend, level of change, and slope. 
Therefore, the average rating for each participant was used during 
each stage for physical fitness and mobility.

RESULTS

The current study implemented VRE as a therapeutic modality 
to the individuals with schizophrenia living in a closed ward in a 
psychiatric hospital in South Korea. Two Korean adults with 
schizophrenia were selected and included in the current study. 
Some positive changes were observed for both participants during 

and after the interventions. There were positive changes in terms 
of the upper body strength, upper and lower body flexibility, car-
diovascular endurance, and agility/dynamic balance in the SFT as 
well as a slight improvement in mobility in the 10-m walking 
test. Little to no desired changes were observed in lower body 
strength in the SFT. Further details on the changes as a result of 
the intervention are described as follows. 

Physical fitness 
Physical fitness was measured by the SFT that included mea-

sures of the arm curl, back stretch, chair sit and reach, 2-min step 
test, 8 foot up and go, and 10-m walking test. 

Arm curl (upper body strength)
For upper body strength in the arm curl test, Kim had a decel-

erating trend and Park had a stable trend in A1. However, Kim 
and Park had a slightly accelerating trend with the exercise 
during the B phase. Kim demonstrated an improvement from an 
average score of 13 during the A1 phase to 13.5 during the B 
phase and then increased again in the A2 phase to 15. Park scored 
an average of 19 during the A1 phase in the arm curl and then 
scored an average of 19.3 during the B phase, which is slight in-
crease from the A1 phase. In the follow-up, he demonstrated a de-
crease to an average score of 18, which was a change that was in-
dicative of an intervention effect (Table 2, Fig. 1)

Back stretch (upper body flexibility)
For upper body flexibility in the back stretch test, both Kim 

and Park showed an improvement. Kim had a decelerating trend 
and Park had a slightly accelerating trend in the A1. After that, 
Kim had slightly increasing trend and Park had sharply accelerat-
ing trend in the B phase. Park’s trend sharply decreased and Kim 
maintained increasing trend in the A2 phase as indicated in the 
Table 3 and Fig. 2.

Table 1. Exercise protocol

Time (min) Type of exercise The contents of exercise

5 Warm up
10 Strength training    Lunge

   Squat
15 Balance and cardiovascular 

  endurance exercise
   Ski jump
   Ski slalom
   Penguin seesaw
   Table tilt
   Wire walking

5 Cool down
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Chair sit and reach (lower flexibility)
For lower flexibility in the chair sit and reach test, Kim had a 

stable trend and Park had a decelerating trend in the A1 phase. 
However, Kim and Park had sharply accelerating trend in the B1 
phase. Park maintained increasing trend and Kim had decreasing 
trend in the A2 phase. As shown in the Table 4 and Fig. 3, Kim 
improved from an average score of 1.6 during the A1 phase to an 
average score of 5.5 during the B phase. An improvement was 
continually observed in the A2 phase for Kim, and Park also 
showed an increase in terms of the lower flexibility during the B 
phase. In the follow up at the A2 phase in which decreasing trend 
was expected to indicate an intervention effect, he scored an aver-
age of 15, which is an increase from an average of 9.5 during the B 
phase.

Two-minute step test (endurance)
Table 5 and Fig. 4 display an increasing trend in cardiovascular 

endurance for both participants in the 2-min step test. After a sta-
ble A1 trend, both exhibited an improvement in the B phase and 
then a decline in the A2 phase. Kim scored an average of 62.6 
during the A1 phase. As he participated in the intervention, an 
increase in trend was observed to a score of 93 at average during 
the B phase. In the absence of an intervention during the A2 
phase, the score decreased. In the meantime, Park, similarly, 
showed a trend for similar changes as those for Kim. Park had an 
increasing trend as he scored an average of 73.6 during the A1 

phase and then improved to 98.8 on average during the B phase. 
A decreasing trend was observed during the A2 phase in the fol-
low up, indicating an effect of VRE on cardiovascular endurance.

8 Foot up and go (agility/dynamic balance)
As shown in Table 6, there is little change in the average score 

in terms of agility/dynamic balance for both participants. Howev-

Table 2. Arm curl

Patient A1 B A2

Kim 13± 1.0 13.5± 0.9 15± 2.1
Park 19± 1.7 19.3± 0.9 18± 2.0

Values are presented as mean± standard deviation. 
A1, baseline; B, intervention; A2, final baseline.

Table 3. Back stretch

Patient A1 B A2

Kim -39.6± 4.9 -38.6± 2.3 -26.5± 2.1
Park -27.0± 4.7 -3.25± 19.0 -19± 3.6

Values are presented as mean± standard deviation. 
A1, baseline; B, intervention; A2, final baseline.

Table 4. Chair sit and reach

Patient A1 B A2

Kim 1.6± 0.5 5.5± 2.4 6.0± 1.4
Park 4.6± 2.08 9.5± 2.3 15.0± 0.8

Values are presented as mean± standard deviation. 
A1, baseline; B, intervention; A2, final baseline.

Fig. 2. Data trend line of participants for back stretch. A1, baseline; B, inter-
vention; A2, final baseline.
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er, Fig. 5 displays a slight decrease in trend in the graphic display 
for Kim and an increase in trend during the A2 phase, indicating 
an effect of the VRE intervention on agility/dynamic balance. 
Meanwhile, Kim showed little changes in the graphic display in 
Fig. 5.

Mobility
The 10-m walk test was conducted to assess participants’ 

changes in mobility. Table 7 and Fig. 6 show the changes in mo-
bility of the participants. Neither participant showed a change in 
the average scores for the 10-m walk test, as shown in Table 7. 
Although the average score does not show changes, Fig. 6 indi-
cates changes for both Kim and Park. During the A1 phase, Kim 
showed an increasing trend in the time consumed for the 10-m 
walk. Then, he showed an increase in performance level as indi-
cated by a decrease in time for the 10-m walk test. Finally, during 
the A2 phase, although slight, Kim showed a decrease in trend in 
time spent on the 10-m walk test. 

Fig. 6 also shows positive changes in Park in the time spent for 
walking 10-m. As Park participated in the intervention, the time 
spent walking 10-m decreased from the 6th week and started to 
increase in week 9 during the B phase. After the intervention, a 
decrease was observed in the time to walk 10 m suggesting the 
intervention was effective. 

DISCUSSION

This study examined the effects of a VRE intervention on the 
physical functioning (physical fitness, mobility) of two research 
participants with schizophrenia in Korea. Although the results are 
not generalizable due to the nature of a single subject design that 
only provides insight to a given context, the intervention yielded 

Table 5. Two-min step test

Patient A1 B A2

Kim 62.6± 0.5 93.8± 8.3 78.0± 25.4
Park 73.6± 2.3 98.8± 13.5 100.6± 2.5

Values are presented as mean± standard deviation. 
A1, baseline; B, intervention; A2, final baseline.

Table 6. Eight foot up and go

Patient A1 B A2

Kim 10.6± 0.11 10.3± 0.3 10.2± 0.7
Park 8.3± 0.0 8.3± 0.6 8.5± 0.3

Values are presented as mean± standard deviation. 
A1, baseline; B, intervention; A2, final baseline.

Table 7. Ten-meter walking test

Patient A1 B A2

Kim 11.4± 0.8 11.3± 0.5 12.4± 0.4
Park 8.5± 0.3 8.8± 0.5 8.6± 0.3

Values are presented as mean± standard deviation. 
A1, baseline; B, intervention; A2, final baseline.

Fig. 4. Data trend line of participants for 2-min step test. A1, baseline; B, inter-
vention; A2, final baseline.
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some positive effects on physical fitness; however, changes in up-
per and lower body strength were not clearly observed. As the re-
sults indicate, there were some positive changes in the physical 
fitness of the participants at the B phases of the study. However, 
only three measures had baseline trends that allow us to conclude 
that the intervention caused the improved scores. These measures 
included the 2-min step, 8 foot up and go, and 10-m walk test. 
The findings indicate that moderate participation in VRE can 
produce a positive impact on physical fitness for those living in a 
restricted environment. The participants exhibited the most im-
provement in cardiovascular endurance in the 2-min step test in 
this study. Even after the program concluded, they maintained an 
improved level of cardiovascular endurance although it eventually 
declined in the absence of exercise. This may be due to the in-
creased motivation of the participants to participate in physical 
activity since the improvement in the A2 phase was found in 
some other variables. Research suggests that adherence to exercise 
can increase when the exercise is conducted in a safe and pleasur-
able environment (Lee and Kim, 2013). However, it is premature 
to conclude that the improvement in the A2 phase could be at-
tributed to the increase in physical activity since the current study 
did not assess the physical activity level of the participants. 

VRE has been shown to have positive effects on balance and 
gait in the general public (Song et al., 2009). This is due in part 
to the improved lower body strength. Thus, the researchers of this 
study expected that participants should improve their balance as a 
result of the program. However, an improvement in balance as 
measured by 8 foot up and go test was not clearly observed at the 
expected level even though a slight improvement was observed. 
This may be due to the nature of research participants’ diagnostic 
condition. The participants in this study were diagnosed with 
schizophrenia, while previous studies have tested the effects of 
VRE on balance for people without any disabilities. At times, the 
participants were confused and disoriented during the exercise 
due, in part, to the medication they were taking and this could 
have also resulted in a lack of positive effects on balance after the 
intervention. 

As one’s surrounding environment is one of the factors known 
to influence human movement performance based on the concept 
of affordance, VR can provide a surrounding environment that is 
more accommodating than a real environment experience to indi-
viduals who live in restricted living environments. As one’s envi-
ronment becomes more accommodating thereby affording for op-
timal performance, individuals can manage tasks more effectively. 
VRE may provide an environment that is more accommodating 

and less challenging while still providing similar effects to that of 
a real environment experience for those living in a restricted liv-
ing environment such as mental health facility. It is cost-effective 
intervention requiring both physical and cognitive skills yet still 
promoting social interaction in an interactive environment (Wey-
bright et al., 2010). It can also be used outside the treatment set-
ting. Not only can it provide additional opportunity to improve 
functional capacity outside the treatment setting, but also facili-
tate positive social interaction with family and friends (Kenuk et 
al., 2015). Finally, as VRE programs are further developed tech-
nologically, they might serve as a form of exercise used to stimu-
late real environments in restricted living experiences. Therefore, 
based on results of the current study, VRE can be added to the 
small number of tested exercise intervention protocols as effective 
and efficient therapeutic regime in mental health care setting.	
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