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Abstract 

Background: Many studies have been performed on the use of intergenerational programs to improve the nega‑
tive attitudes and misunderstandings of adolescents toward older people with dementia. However, the findings of 
these studies are inconclusive. The aim of this study was to compare the long‑term effects of exergaming (Kinect) and 
companionship programs on attitudes toward dementia and the elderly among adolescents.

Methods: A quasi‑experimental longitudinal design was used. A total of 200 adolescents aged 12–18 years old were 
recruited from nine schools in northern Taiwan. The adolescents were assigned to five different groups, namely, a 
5‑week exergaming group, a 5‑week companion group, an 8‑week exergaming group, an 8‑week companion group, 
and a control group, using a single blinding procedure. Data collection was performed pretest, post‑test and at 1, 3 
and 6 months after the post‑test. The long‑term effects of the two programs (i.e., exergaming and companionship) 
were analyzed using a generalized estimating equation.

Results: Regarding attitudes toward dementia, the 8‑week exergaming group had a significantly better attitude 
than the control group at the 6‑month follow‑up (p < 0.001). Similarly, the results of the 8‑week companion group 
also showed a significantly improved attitude compared with the control group at the 6‑month follow‑up (p = 0.041). 
Regarding attitudes toward the elderly, the 8‑week exergaming group had a significantly better attitude than the con‑
trol group at the 6‑month follow‑up (p < 0.001). The 8‑week companion group had a similar effect on better attitude 
compared with the control group at the 6‑month follow‑up (p = 0.016). Furthermore, the 5‑week companion group 
showed a significant improvement compared with the control group at the 6‑month follow‑up (p = 0.004).
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Background
The number of people with dementia is on the rise [1]. 
Ageism toward elderly individuals with dementia might 
lead to a higher risk in the current aging world and is a 
public concern [2]. Stereotyping processes begin at a 
young age [3], and adolescents have indirect contact with 
dementia through adverts and television [4]. Moreo-
ver, dementia myths exist among both adults and young 
people, such as dementia being a normal part of aging 
[5, 6] and a contagious mental illness [6]. The myths of 
dementia may have negative effects on attitudes toward 
older adults with dementia and on the resource alloca-
tion of dementia and family relationships. Today’s ado-
lescents may well become the caregivers of tomorrow, 
and an increasing number of adolescents will interact 
with a grandparent [7] or parents [8] with dementia; 
thus, improving their attitudes toward older adults with 
dementia is crucial [9]. Previous studies have revealed 
that young cohorts exchange their perceptions [10, 
11], attitudes toward [12, 13], and images of aging [14] 
through in-person contact with older adults. Studies have 
even shown that watching an intergenerational contact 
video improves adolescents’ attitudes toward older adults 
and aging knowledge [15, 16]. These types of results sug-
gest that more frequent contact between adolescents and 
older adults is beneficial. In contrast, several studies have 
shown that interactions between adolescents and grand-
parents diagnosed with dementia had avoidance motives 
and negative emotions [17]. The intergenerational pro-
gram revealed no significant improvement in attitudes 
toward dementia and older adults [18]. The above incon-
sistent research findings might result from failure to con-
sider that optimal intergroup contact requires time to 
develop friendships and then reduce prejudice [19].

Exergaming is regarded as applicable based on the 
hypothesis of contact theory [20] that intergroup con-
tact corresponding to lower intergroup prejudice is built 
into exergames. If those involved with intergroup contact 
have equal status, a common goal, and institutional sup-
port, position experience might counter prejudice and 
increase intergroup understanding. Exergaming can be 
defined as intermixing various physical exercises or phys-
ical full-body motions with video game play to achieve 
tasks or goals through visual perception, physical move-
ment, and social interaction [21]. Research in the field 

of intergenerational exergaming showed that it created 
competition [22, 23] and collaborative elements [24–26] 
and can be used to encourage communication, collabora-
tion, social interaction, friendship, and learning between 
healthy older adults and youth. Older adults, through 
intergenerational exergaming, have shown increased 
motivation, improved attitudes toward playing exer-
games with youth and lower levels of social anxiousness 
and loneliness [27], as well as improving adolescents’ atti-
tudes toward older adults [13].

Although exergaming can provide a proper method of 
intergroup interactions, very few studies have suggested 
that exergaming among people with dementia and young 
people narrows the gap between generations or decreases 
the stigma of dementia [28]. Moreover, without consider-
ing the effect of time in intergroup contact, the findings 
of frequent contact on reverse perceptions and attitudes 
toward older adults by adolescents were inconclusive. 
Accordingly, the aim of the present study was to com-
pare the long-term effects of combining exergaming and 
companionship programs on adolescent attitudes toward 
dementia and older adults with dementia.

Methods
Design
The study adopted a quasi-experimental longitudinal 
design. The adolescents were assigned to five groups: 
5-week exergaming, 5-week companionship, 8-week 
exergaming, 8-week companionship, and a control group.

Participants and settings
Adolescents were recruited from five junior high schools 
and four senior high schools in northern Taiwan from 
November 2016 to October 2018. The inclusion criteria 
were as follows: (1)  7th to  12th grade of study; (2) consent 
given by the school and parents to participate in off-
campus services; and (3) the ability to communicate in 
Chinese or Taiwanese. The exclusion criteria were set as 
follows: (1) students who were orphaned; (2) consent not 
given by the school or parents to participate in off-cam-
pus services; and (3) the inability to communicate in Chi-
nese or Taiwanese. The older adults were recruited from 
15 daycare centers and had to meet the basic criteria of 
being 55  years old or older and having been diagnosed 
with mild to moderate dementia on their charts.

Conclusions: Spending companionship time with older adults is beneficial for improving the attitudes of adoles‑
cents toward the elderly. Furthermore, exergaming improves the attitudes of adolescents toward both dementia and 
older adults.

Trial registration: Chinese Clinical Trial Registry: ChiCT R2100 053003. Retrospectively registered on 07/11/2021.

Keywords: Older adult, Dementia, Adolescent, Attitude, Intergenerational programs
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Procedure
After obtaining informed consent from the adolescents 
and their parents (or parent guardians), the older adults 
with dementia and their surrogates, data collection was 
performed prior to the intervention, after the interven-
tion and at 1, 3 and 6  months after the post-test (see 
Fig. 1). The adolescents in the four experimental groups 
were assigned to 15 daycare centers close to their schools. 
Prior to the intervention, the adolescents were told only 
that they were going to serve the older adults, and there-
fore they did not know which experimental group they 
were assigned to. On entering their assigned daycare 
centers, the adolescents were primarily assigned one-
on-one with older adult subjects based on their spoken 

languages and preferences. The number of adolescents 
exceeded that of the older adults, yielding 17 dyads of 1:2 
adolescent and older adults for the 5-week exergaming 
and 8-week companionship groups and 15 dyads of 1:2 
adolescent and older adults for the 5-week companion-
ship and 8-week exergaming groups.

Interventions
Prior to the intervention, the adolescents attended a one-
hour training session in which they watched videos and 
slide shows about their assigned daycare centers and 
were briefed on the characteristics of the older adults in 
the center, the general physical and psychological char-
acteristics of older adults with cognitive impairment, 

Fig. 1 Flowchart showing overall research framework
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practical matters regarding the response of older adults 
with dementia, and general information about the inter-
vention. Each intervention was structured as follows. 
(1) Opening (5  min): the adolescents introduced them-
selves to the older adults and explained the purpose 
of their visit and the planned schedule and content; (2) 
Activity (30 min): the adolescents led the older adults in 
performing warm-up exercises and then played the exer-
game or accompanied the older adults while performing 
a simple activity; and (3) Ending (5 min): the adolescents 
announced the end of the exergame or activity and said 
farewell.

Intervention tool
For the 5-week and 8-week exergaming groups, the ado-
lescents led the older adult participants in playing the 
chosen games for 40  min every week. The exergames 
were played on an Xbox One Kinect (Redmond, US). 
Three different games were used: Bowling (Clenched 
fists reach for the ball and throw the ball), Target Shoot-
ing (Face off directly against the opponent in split-screen 
cooperation, look for the crosshair symbol and shoot 
all targets) from the Kinect Sports Rivals game, and 
Fruit Ninja2 (Slice fruit thrown into the air appears on 
the shadowy silhouette screen with movable arms and 
hands, each round only has a minute and thirty seconds) 
on the Xbox One. While playing the video games, both 
adolescents and older adults were required to engage in 
physical exercise to achieve the tasks through visual per-
ception, physical motion, and cooperation.

For the 5-week and 8-week companionship groups, 
the adolescents accompanied the older adults as they 
performed regular daily activities in adult daycare cent-
ers (e.g., card games, singing, painting or whatever they 
chose) for 40 min each week.

The control group attended school activities without 
participating in the extracurricular intergenerational 
activity (Table 1).

Instruments
The Dementia Attitudes Scale developed by O’Connor 
and McFadden [29] and the Attitudes Toward Elderly 
modified scale developed by Hawkins [30] were short, 
concise, easy to understand, had modest psychometric 
properties, and took approximately 7–15 min to fill out. 
Both scales were used to evaluate the outcome of the 
intervention.

Dementia attitudes scale
The attitudes of the adolescents toward dementia were 
measured using the Dementia Attitudes Scale devel-
oped by O’Connor and McFadden [29]. The scale com-
prises 20 items, such as “I feel confident around people 
with ADRD” and “I am comfortable touching people 
with ADRD”, and it is important to know the past his-
tory of people with ADRD. Each item is rated using a 
seven-point Likert scale ranging from 1 (strongly disa-
gree) to 7 (strongly agree), yielding a total score ranging 
from 20–140. The higher the score, the better the attitude 
toward dementia. The scale comprises two dimensions: 
dementia knowledge and social comfort. Cronbach’s 
alpha value for the two dimensions ranged from 0.83 to 
0.85. [29] In the present study, the scale was translated 
into Chinese and then confirmed via reverse translation 
by two bilingual researchers. Cronbach’s alpha of the pre-
test and post-test for the total scale ranged from 0.85–
0.87, while Cronbach’s alpha of the pretest and post-test 
for the subscale of social comfort was 0.77 and the sub-
scale of dementia knowledge ranged from 0.82–0.86.

Table 1 Content of intergenerational programs

a The control group attended school activities without participating in the extracurricular intergenerational activity

Times/
Groups

8-week exergaming 8-week companion 5-week exergaming 5-week 
companion

Control

Before Intervention Pre‑intervention training (1 h) School  activitiesa

week1 Introduce and know each other

Bowling Day care center regular activity Bowling Day care 
center regular 
activity

week2

week3

week4 Bowling
 + Fruit Ninja

Bowling
 + Fruit Ninjaweek5

week6 Fruit Ninja + Target Shooting ‑ ‑

week7

week8
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Attitudes toward the elderly
The Attitudes Toward Elderly scale was originally devel-
oped by Sanders et al. [31]. The modified scale by Hawk-
ins [30] in 1996 was employed in the current study and 
comprises 20 questions that were evaluated using posi-
tive–negative adjective pairs (e.g., wise-foolish, happy-
sad, independent-dependent). Each question was rated 
using a seven-point Likert scale ranging from 1 to 7, 
yielding a total score ranging from 20 to 140. Lower 
scores indicated a more positive attitude toward the 
older adults, and a score range of 70 to 90 indicated a 
neutral response. According to previous research, Cron-
bach’s alpha value for the scale was 0.97. In the present 
study, the original meaning of the scale was confirmed by 
reverse translation, and Cronbach’s alpha of both the pre-
test and post-test was 0.94.

Background information form
The demographic characteristics of the adolescents were 
collected using a background information form and 
included their age, gender, school grade, parents’ marital 
status, cohabitation status with grandparents, and previ-
ous history of participating in volunteer services for older 
adults.

Data analysis
The differences between the experimental groups and 
control group were examined using descriptive statis-
tics, Chi-square tests and one-way ANOVA tests. The 
long-term effects of the exergaming and companion-
ship programs on the attitudes of the adolescents toward 
dementia and the older adults were analyzed using a gen-
eralized estimating equation. To avoid incurring the risk 
of Type II errors, no multiple comparisons correction 
was used with planned outcome analysis in this study 
[32].

Results
Table  2 shows that the adolescents were mainly female 
and had an average age of 13.73 to 15.62  years. Signifi-
cant differences existed among age, school grade and 
gender among the five groups (p < 0.001). In addition, 
more than 70% of the adolescents in the 5-week exer-
gaming group and 8-week companion group had previ-
ous volunteer experience in serving older adults. Table 3 
and Fig. 2 show the average attitudes of the adolescents in 
the five groups toward dementia and the older adults at 
different stages of the experiment (pretest, post-test and 
follow-up).

Table 2 Background information of adolescents

SD standard deviation, F-statistics are reported for one-way ANOVA, and chi-square statistic (χ2) was applied for Chi-square test; *** p < .001

EGI = 5-week exergaming group; EGII = 5-week companion group; EGIII = 8-week exergaming group; EGIV = 8-week companion group; CG control group

Items EGI EGII EGIII EGIV CG F / χ2 p-value Post hoc Scheffe test

(n = 40) (n = 41) (n = 40) (n = 42) (n = 37)

Mean (SD)/
n (%)

Mean (SD)/
n (%)

Mean (SD)/
n (%)

Mean (SD)/
n (%)

Mean (SD)/
n (%)

Age (year) 13.73 (1.20) 14.73 (1.27) 15.00 (2.03) 15.62 (1.17) 14.16(1.37) 10.589  < .001*** CG < EGIV;
EGI < EGII、
EGIII、EGIV

Gender 13.145 .011**

 Male 2 (5.0) 10 (24.4) 15 (37.5) 13 (31.0) 8(21.6)

 Female 38 (95.0) 31 (75.6) 25 (62.5) 29 (69.0) 29(78.4)

School grade 34.426  < .001***

 7 to 9 grade 33 (82.5) 19 (46.3) 25 (62.5) 10 (23.8) 26 (70.3)

 10 to 12 grade 7 (17.5) 22 (53.7) 15 (37.5) 32 (76.2) 11 (29.7)

Parents’ marital status 12.417 .715

 Married 34 (85.0) 32 (78.0) 30 (73.2) 34 (82.8) 26 (70.3)

 Separated 5 (12.5) 8 (19.5) 7 (17.5) 7 (16.7) 8 (21.6)

 Windowed 1 (02.5) 1 (02.4) 3 (07.3) 1 (02.4) 3 (08.1)

Living together with grandparents 2.541 .637

 Yes 14 (35.0) 8 (19.5) 12 (30.0) 12 (28.6) 10 (27.0)

 No 26 (65.0) 33 (80.5) 28 (70.0) 30 (71.4) 27 (73.0)

Participation in volunteer services for the elderly 53.523  < .001***

 Yes 30 (75.0) 15 (36.6) 7 (17.5) 34 (81.0) 10 (27.0)

 No 10 (25.0) 26 (63.4) 33 (82.5) 8 (19.0) 27 (73.0)
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Table 4 shows that the time effect in attitudes toward 
dementia, at post-test, and at the 1-, 3- and post 6-month 
follow-ups were higher than the pretest, but not signifi-
cant, at 0.378, 2.356, 2.762 and 1.473, respectively. After 
controlling for age, school grade, gender and participa-
tion in volunteer services for the elderly, the interaction 
effect of group by time in the 8-week exergaming group 
showed a significantly improved attitude toward demen-
tia at post-test, and at the 1-, 3-, and 6-month follow-ups 
(95% confidence interval (CI) 2.585 to 10.908, p = 0.001; 
95% CI 3.559 to 17.365, p = 0.003; 95% CI 5.000 to 18.612, 
p = 0.001; 95% CI 5.121 to 18.210, p < 0.001, respectively). 
Similarly, the attitude toward dementia in the 8-week 
companion group was significantly better than that of the 
control group both at the post-test and at the 6-month 
follow-up (95% CI 1.693 to 12.074, p = 0.009; 95% CI 
0.263 to 13.023, p = 0.041, respectively). For the 5-week 
exergaming group, the attitude toward dementia showed 
no statistically significant difference compared with the 
control group at post-test, and at the 1-, 3-, and 6-month 
follow-ups. However, the attitude toward dementia in the 
5-week companion group was significantly better than 
that in the control group only at post-test (95% CI 0.416 
to 9.657, p = 0.033).

In terms of the time effect in attitudes toward the 
elderly, the post-test, 1-, 3- and 6-month measurements 
were higher than the pretest, at 3.108, 3.293, 6.137, and 
8.154, respectively; the post 6-month measurement was 
significant. The interaction effect of group by time in 
the 8-week exergaming group showed a better attitude 
toward the older adults than the control group at the 1-, 
3-, and 6-month follow-ups (95% CI -23.623 to -5.188, 
p = 0.002; 95% CI -25.383 to -8.394, p < 0.001; 95% CI 

-23.453 to -8.084, p < 0.001, respectively). The 8-week 
companion group showed a better attitude toward the 
older adults than the control group at the post-test and at 
the 3- and 6-month follow-ups (95% CI -17.399 to -0.913, 
p = 0.029; 95% CI -17.314 to -0.433, p = 0.039; 95% CI 
-19.309 to -2.011, p = 0.016, respectively).

However, the attitude of the 5-week exergaming group 
toward the older adults was significantly better than that 
of the control group only at post-test (95% CI -19.085 to 
-1.031, p = 0.029). The 5-week companion group showed 
a better attitude toward the older adults than the con-
trol group at post-test, and at the 1-, 3-, and 6-month 
follow-ups (95% CI -19.077 to -3.285, p = 0.006; 95% CI 
-17.968 to -0.572, p = 0.037; 95% CI -19.752 to -3.852, 
p = 0.004; 95% CI -19.142 to -3.574, p = 0.004, respec-
tively) (Table  4). Overall, the present results show that 
the 8-week intervention is more effective than the 5-week 
intervention in improving the attitudes of adolescents 
toward dementia. Finally, the attitude toward the older 
adults of the 8-week companion group was significantly 
better than that of the control group both at post-test and 
at the 6-month follow-up. The attitude toward the older 
adults of the 5-week companion group was significantly 
better than that of the control group at the post-test and 
at the 1-, 3- and 6-month follow-ups.

Discussion
As shown in Table  2, there were significantly more 
females than males in all groups. This result was consist-
ent with the nationwide survey. In Taiwan, the sex ratio 
of adolescents (12–17 years old) from 2018-2020 was 
1.09 (male: female), but the sex ratio (female: male) of 
participating volunteer service was 1.49 (Statistics from 

Table 3 Average attitudes of adolescents towards dementia and the elderly at different time points in experimental study

a a lower score indicated the better attitudes towards the elderly; EGI = 5-week exergaming group; EGII = 5-week companion group; EGIII = 8-week exergaming group; 
EGIV = 8-week companion group; CG control group

Variable n Pre-test n Post-test n Post-test 1st month n Post-test 3rd month n Post-test 6th month
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Attitudes towards dementia
 EGIV 42 94.76(13.73) 42 102.02(11.92) 41 102.10(12.57) 39 103.46(12.95) 39 103.08(12.77)

 EGIII 40 86.55(12.85) 40 93.68(16.21) 36 99.19(17.50) 36 100.94(12.90) 29 99.69(13.27)

 EGII 41 91.27(12.94) 41 96.68(12.37) 30 100.17(12.42) 26 101.19(13.29) 26 97.62(13.49)

 EGI 40 97.48(14.40) 40 103.30(14.03) 35 99.86(13.62) 35 100.09(14.33) 35 98.94(13.25)

 CG 37 91.57(10.92) 37 91.95(12.04) 35 94.20(13.83) 33 94.55(13.17) 31 94.13(11.72)

Attitudes towards the elderlya

 EGIV 42 63.05(19.60) 42 57.00 (17.08) 41 60.63 (19.34) 39 60.31(17.71) 39 60.54(17.06)

 EGIII 40 72.38(14.67) 40 68.48 (17.63) 36 62.06 (19.71) 36 62.05(15.83) 29 65.93(12.65)

 EGII 41 66.71(17.74) 41 58.63 (16.04) 30 57.07 (17.30) 26 57.08(17.51) 26 59.54(16.75)

 EGI 40 62.85(17.93) 40 55.90 (17.64) 35 62.11 (16.91) 35 61.29(13.36) 35 62.69(16.12)

 CG 37 57.86(20.38) 37 60.97 (15.82) 35 61.14 (15.90) 33 63.15(14.87) 31 66.26(14.76)
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Department of Gender Equality, Executive Yuan in Tai-
wan [33]. The higher ratio is most likely due to the nearly 
global tendency of nursing and care facility staff being 
dominated by females, and thus the adolescent volunteer 
ratio for this study more likely reflects the realistic social 
interest.

The 8-week exergaming group showed a significantly 
better attitude toward dementia than the control group 
at the 6-month follow-up. Interestingly, the 8-week exer-
gaming group showed the lowest initial attitude scores 
toward dementia among the five groups. Thus, the results 
suggest that the act of providing regular and extended 
support and assistance to older adults with dementia 
in playing exergames caused the adolescents to become 
more familiar with the characteristics and needs of their 
matched older adults and to improve their attitudes 
accordingly. The positive outcome in the present study 

was mainly the result of applying the principle of game-
play from easy to complicated/cooperative. Starting with 
the bowling game, older adults followed the adolescents’ 
instructions, watched their moves and learned how to 
play. From the above learning process, the relationship 
between the adolescents and the older adults was estab-
lished. As time passed, they advanced to the more com-
plicated games, e.g., fruit ninja and target shoot, which 
required that both the adolescent and older adult played 
as a team cooperatively. Finally, two adolescent and older 
adult dyads dual play [34] increased their tacit agree-
ment through body movement, verbal reminders, and 
competition.

Second, as described in the study of Dove and Astell 
[35], older adults with dementia tend to forget the steps 
in a game, and thus, the adolescents are required to 
use learned tasks, breakdown, verbal cues and gesture 

Fig. 2 The mean score of attitudes toward the elderly and attitude toward dementia
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demonstrations to help the older adults remember and 
re-engage with the game. Third, adolescents, as train-
ers, have learned to observe the elders’ needs and 
coach the program but not engage in “overhelping”. 
This type of cooperation would better establish a level 
of trust between the adolescents and the older adults. 
The present results suggest that these interactions are 
beneficial to improving adolescents’ attitudes toward 

older adults with dementia. Furthermore, after becom-
ing aware of the cognitive and physiological limita-
tions of their matched older adult and observing the 
performance improvement made by them in response 
to their interventions, it seems that the adolescents felt 
a sense of accomplishment, which then translated into 
an improved long-term attitude toward the older adult 
with dementia. It is noted that the present results are 
consistent with those of Zhang et al. [36], which showed 

Table 4 Results for attitudes of adolescents towards dementia and the elderly at different time points

CI confidence interval, Ref reference group
a a lower score indicated the better attitudes towards the elderly;
b participation in volunteer services for the elderly; EGI = 5-week exergaming group; EGII = 5-week companion, group; EGIII = 8-week exergaming group; 
EGIV = 8-week companion group; CG control group
*  p < .05, ** p < .01, ***p < .001

Attitudes towards dementia Attitudes towards the elderly a

β 95%CI P β 95%CI P

Groups

 EGIV 2.257 ‑3.649–8.164 .454 6.797 ‑2.496–16.089 .152

 EGIII ‑6.783 ‑11.794‑ ‑1.771 .008** 15.072 6.753–23.390  < .001***

 EGII 0.416 ‑4.835–5.667 .877 8.706 .297–17.115 .042

 EGI 4.542 ‑1.258–10.342 .125 8.111 ‑.446–16.668 .063

CG (ref.)

Times

  Post‑test  6th month 1.473 ‑2.457–5.402 .463 8.154 2.264–14.044 .007**

  Post‑test  3rd month 2.762 ‑1.929–7.452 .249 6.137 ‑.157–12.430 .056

  Post‑test  1st month 2.356 ‑1.430–6.141 .223 3.293 ‑3.424–10.009 .337

  Post‑test 0.378 ‑2.449–3.206 .793 3.108 ‑3.185–9.402 .333

  Pre‑test (ref.)

Groups × Times

  EGIV × Post‑test  6th month 6.643 .263–13.023 .041* ‑10.660 ‑19.309–2.011 .016*

  EGIV × Post‑test  3rd month 5.739 ‑1.695–13.172 .130 ‑8.873 ‑17.314–.433 .039*

  EGIV × Post‑test  1st month 4.716 ‑1.050–10.481 .109 ‑5.445 ‑15.136–4.246 .271

  EGIV × Post‑test 6.884 1.693–12.074 .009** ‑9.156 ‑17.399–.913 .029*

  EGIII × Post‑test  6th month 11.665 5.121–18.210  < .001*** ‑15.769 ‑23.453–8.084  < .001***

  EGIII × Post‑test  3rd month 11.806 5.000–18.612 .001** ‑16.889 ‑25.383–8.394  < .001***

  EGIII × Post‑test  1st month 10.462 3.559–17.365 .003** ‑14.406 ‑23.623–5.188 .002**

  EGIII × Post‑test 6.747 2.585–10.908 .001** ‑7.008 ‑14.814‑.798 .078

  EGII × Post‑test  6th month 3.063 ‑2.908–9.033 .315 ‑11.358 ‑19.142–3.574 .004**

  EGII × Post‑test  3rd month 5.351 ‑.661–11.363 .081 ‑11.802 ‑19.752–3.852 .004**

  EGII × Post‑test  1st month 4.210 ‑1.233–9.652 .129 ‑9.270 ‑17.968–.572 .037*

  EGII × Post‑test 5.036 .416–9.657 .033* ‑11.181 ‑19.077–3.285 .006**

  EGI × Post‑test  6th month ‑.317 ‑6.429–5.796 .919 ‑8.053 ‑16.288‑.183 .055

  EGI × Post‑test  3rd month ‑.463 ‑7.311–6.386 .895 ‑7.435 ‑15.680‑.809 .077

  EGI × Post‑test  1st month ‑.286 ‑6.567–5.996 .929 ‑3.763 ‑12.391–4.866 .393

  EGI × Post‑test 5.447 ‑.624–11.518 .079 ‑10.058 ‑19.085–1.031 .029*

Gender (ref. = female) ‑2.660 ‑6.290‑.970 .151 2.585 ‑1.985–7.154 .268

Age 4.225 2.040–6.409  < .001*** ‑2.026 ‑4.907‑.854 .168

School grade ‑13.440 ‑20.351–6.528  < .001*** 8.434 ‑.556–17.9425 .066

Volunteer  servicesb (ref. = no) 2.494 .358–5.346 .087 ‑4.558 ‑8.681–.435 .030*
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the benefits of cooperative exergames in improving the 
attitudes of college-age students toward older adults.

The 5-week exergaming group showed a significantly 
improved attitude toward dementia compared with the 
control group only at the posttest. This finding suggests 
that a 5-week exergaming intervention is insufficient to 
produce a long-term change in adolescents’ attitudes 
toward dementia. Mainly, some of the older adults with 
dementia were unfamiliar with the games and required 
particularly strong encouragement from the adolescents 
or their peers to participate in the assigned games. This 
finding is consistent with a previous study. A brief period 
of contact did not change adolescents’ attitudes toward 
older adults [18].

Both the 8-week companion group and the 5-week 
companion group showed an improved attitude toward 
older adults following the intervention. Moreover, the 
effect appeared to be long lasting. This finding is simi-
lar to that of a meta-analysis by Burnes et al. [37] and is 
also consistent with previous studies that showed that 
intergenerational arts programs are effective in improv-
ing the attitudes of adolescents toward dementia [38, 
39]. However, even though the 8-week and 5-week com-
panion groups both showed better attitudes toward 
dementia than the control group at post-test, only the 
8-week companion group showed a statistically signifi-
cant improvement in attitude at the 6-month follow-up. 
This finding suggests that the process of companionship 
of older adults with dementia during the performance 
of simple activities requires less cooperation and brain 
stimulus than exergaming, and, thus, shorter companion-
ship programs (e.g., 5 weeks) are less effective in promot-
ing long-term attitudinal change among adolescents than 
longer programs. The results further suggest that in the 
event of shorter interventions, follow-up interventions 
are required to sustain the attitudinal shift of adolescents 
over the longer term. Moreover, for 8-week interventions, 
annual follow-up tests should be performed to ascertain 
the permanency (or otherwise) of the attitudinal shift, 
with further interventions implemented if needed.

Generally, adolescents tend to have little contact with 
older adults with dementia outside of their own families. 
Therefore, older adults with mental illness are at par-
ticular risk of being shunned [40]. According to Sanders 
et al. [31], adolescents commonly regard older adults as 
unattractive, complaining, and conservative. This nega-
tive impression of older adults is incorporated into the 
Attitudes Toward Elderly scale developed by Hawkins 
[30] in the sick, inflexible, conservative, unattractive, 
intolerant, pessimistic and complaining items. The study 
of Tan et  al. [41] similarly showed that Chinese college 
students regard older adults as inflexible and unattrac-
tive. The present study showed that both the 8-week 

and 5-week groups regarded the older adults negatively 
as being “inflexible”, “unattractive”, and “complaining” in 
the pretest. However, following interaction through the 
exergaming or companionship programs, the attitudes 
toward older adults were reversed, becoming kind, gen-
erous, friendly and good, except for inflexible, which still 
existed over time.

Limitations
To participate in intergenerational activities, both ado-
lescents in the schools and older adults in daycare cent-
ers need to adjust their schedules. Matching schools and 
daycare centers is challenging and cannot be performed 
simply by random assignment. Thus, future studies 
should consider strategies to enlarge the sample size such 
that randomized allocation can be more easily applied.

Conclusions
The results showed that both 8-week and 5-week exer-
gaming or companionship programs can improve ado-
lescents’ attitudes toward older adults. The findings also 
support the hypothesis of contact theory that more time 
for contact could reduce prejudice. Furthermore, 8 weeks 
of exergaming significantly improve the attitudes of ado-
lescents toward both dementia and older adults. Thus, 
regular or long-term collaboration between schools and 
daycare centers through exergaming appears to be an 
effective means of increasing the contact time of adoles-
cents with older adults and improving their understand-
ing and attitudes accordingly. For the case where concern 
regarding exergaming games prompts an adverse emo-
tional response in older adults with dementia, regular 
companionship programs, in which adolescents simply 
accompany older adults while performing simple activi-
ties, may provide an effective alternative approach.
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