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Purpose: This study aimed to develop a mobile-based exercise program using cognitive behavioral principles to
reduce fear of falling (FOF) in older adults after hip fracture surgery. Methods: We developed a mobile application
in the analysis-design-development-implementation-evaluation order. The mobile-based exercise application
comprised multimedia education using the cognitive behavioral principles, resistance training video, coping cards,
and positive feedback, which was developed from March to August 2023. Results: Four experts provided feedback
on the content and usability. All experts perceived that the mobile application was useful and applicable in reducing
FOF. There were also some comments for further improvement, and the mobile application was revised according
to the experts’ comments. In addition, ten older adults who had undergone hip fracture surgery evaluated the
application’s usability and satisfaction. Most older adults rated the application as reliable, easy to understand,
helpful in reducing FOF, with a readable font and size, and satisfactory in its design. Conclusion: This program
will likely contribute to FOF reduction in older adults after hip fracture surgery by replacing negative emotions with
positive ones and improving physical strength and balance.
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INTRODUCTION

Fear of falling (FOF) is a highly prevalent symptom
occurring in approximately 49% of older adults at 4~6
months (Jaatinen et al., 2022) and 47.5% at 6~12 months
(Lee et al., 2023) after hip fracture surgery. FOF signifi-
cantly impairs physical function, increases the risk of sub-
sequent falls, and is associated with elevated short-term
mortality (Ko et al., 2019; Mackay et al., 2021). FOF is a con-
cern in the conduct of various activities of daily living
(Delbaere et al., 2010). Excessive FOF, which leads to
avoidance of daily activities, can have profound adverse
effects on the health of older adults (Whipple et al., 2018).
Effective methods for reducing FOF are limited for older
adults after hip fracture surgery despite its high preva-
lence and significant impact on older adults’ health out-
comes.

Exercise interventions have revealed a small to moder-
ate reduction in FOF immediately after interventions.
However, empirical evidence determining whether ex-
ercise interventions have a sustained effect on reducing
FOF beyond the intervention period is insufficient (Kend-
rick et al., 2014). Exercise interventions are also costly and
are considered barriers to a wide implementation in
healthcare settings (Cody et al., 2020). Most importantly,
after hip fracture surgery, older adults present with phys-
ical frailty secondary to underlying diseases and poor mo-
bility (Ko et al., 2021); thus, visiting healthcare institutions
poses as a challenge. Thus, exercise programs that allow
easy access are necessary to ensure long-term adherence.

To address these challenges, this study developed an
exercise program to reduce FOF, facilitated by mobile-
based cognitive behavioral principles. This program de-
sign was informed by a scoping review (Whipple et al.,
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2018) highlighting the effectiveness of multi-component
interventions incorporating exercise and cognitive behav-
ioral therapy (CBT). The mobile-based cognitive behav-
ioral principles were achieved via educational modules
through the identification of unhelpful thoughts and fear-
ful feelings that strengthen activity avoidance. CBT-based
interventions have been commonly used and revealed to
be effective in the management of FOF (Chua et al., 2019;
Liu etal., 2018; Whipple et al., 2018). With CBT, motivation
strategies to change the inappropriate perception toward
an event allow older adults to control their emotions and
maladaptive behaviors (Chua et al., 2019; Liu et al., 2018).
Therefore, a sense of control of their FOF can be achieved
by older adults, resulting in long-term adherence to phys-
ical activities.

Planned, structured, purposive, and repetitive exercise
may reduce FOF (Kendrick et al., 2014). In reducing FOF,
the effective types of exercise highlighted on enhancing
strength, balance, agility, and flexibility (Whipple et al.,
2018). This is because a decrease in muscle mass, strength,
and power lead to an increase in FOF (Trombetti et al.,
2016). This study employed resistance training that has
been proven to improve muscle mass, strength, and func-
tional capacity for the frail elderly (Lopez et al., 2018) to
perform just after discharge. A well-designed resistance
training program enhances aversion to catastrophic events
including falls and improves the psychosocial well-being
of older adults (Fragala et al., 2019).

A mobile application was adopted as a platform to em-
ploy the exercise program based on cognitive behavioral
principles to older adults. Smartphones, with the advance-
ment of mobile technology, can be used beyond time and
place as part of healthcare education (Wang et al., 2018).
The use of electronic technology considerably increased
among older adults during the coronavirus pandemic.
However, a remarkable number of older adults with diffi-
culties in retrieval of health information from smart-
phones remain (Liu et al., 2022). The nursing field is there-
fore challenged to develop electronic technology-based
interventions to provide better and reliable health care
(Cody et al., 2020). The coronavirus pandemic greatly con-
tributed to the development of online healthcare, and in
the post-pandemic era, more and more older adults are
likely to access these electronic devices (Liu et al., 2022).

To the best of knowledge, studies investigating exercise
programs based on cognitive behavioral principles to re-
duce FOF in a mobile application remain limited. Further-
more, online interventions that lack ongoing interaction
have demonstrated only modest effectiveness in manag-
ing FOF (Whipple et al., 2018). In this study, a mobile-

based exercise program was developed to address these
limitations. This program includes cognitive behavioral
educational materials and resistance trainings, with par-
ticipants receiving interactive support from a nurse practi-
tioner via telephone. This study elucidates on the develop-
ment and evaluation of the mobile-based exercise pro-
gram. The study findings will provide evidence in helping
older adults in using the exercise program via the mobile
application to reduce FOF.

METHODS

We developed a mobile application in the analysis-
design-development-implementation-evaluation order
(Seels & Richey, 1994). The implementation and evalua-
tion will be presented in the results.

1. Analysis

FOF is significantly higher among older adults follow-
ing hip fracture surgery compared to both health older
adults (Lee et al., 2023) and frail community-dwelling old-
er adults (Martinez-Arnau et al., 2021). This increased FOF
is attributed to the fact that hip fractures in older adults
predominantly result from simple falls (Ko et al., 2021; Lee
etal., 2023). Furthermore, many older adults fail to recover
preoperative activities of daily living within one year
post-surgery, despite their desire to resume simple daily
activities (Ko et al., 2021). Addressing FOF is critical, as it
has been identified as the most significant factor contribut-
ing to functional decline after hip fracture surgery (Ko et
al., 2019).

To address FOF, cognitive behavioral principles were
employed in designing an effective exercise program. To
develop cognitive behavioral education, Beck’s book (Beck,
2017), the ABC theory which is one of the essential con-
cepts in CBT (Lam & Gale, 2000), and world guidelines for
falls prevention (Montero-Odasso et al., 2022) were used.
The cognitive behavioral education component empha-
sized the role of unhelpful and negative thought patterns
in shaping emotions and behaviors, as well as strategies
for cognitive restructuring.

To analyze the characteristics and effects of the exercise
interventions, a systematic review (Lopez et al., 2018) of 16
intervention studies related to resistance training was
considered. To devise the content of the exercise program,
the scientific and clinical application of elastic resistance
(Rovny, 2004), previous studies of exercise programs us-
ing Thera-bands (Kim & Nam, 2011; Kim et al., 2007) were
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reviewed. These studies support the efficacy of elastic re-
sistance exercise in improving muscle strength and flexi-
bility, while also highlighting their safety, adaptability,

low-risk profile, and cost-effectiveness.

2. Design

Literature reviews and periodic meetings with authors
were used to create the contents of the mobile application.
The mobile-based exercise application included two key
components: multimedia cognitive behavioral education
and coping cards for the cognitive behavioral interven-
tion, and resistance training videos with positive feedback
for the exercise intervention.

Multimedia cognitive behavioral education and coping
cards. Multimedia cognitive behavioral education com-
prised of four parts: definition and consequences of FOF,
and the relationship with cognition, emotion, and behav-
ior in the first part; two cases of cognitive behavioral edu-
cation in older adults with FOF in the second and fourth
parts; and strategies for reducing FOF and creating envi-
ronments to prevent falls in the third part. The cognitive
behavioral education contents were reviewed by a psy-
chologist to ensure aptness and comprehension for older
adults.

We considered coping cards as a message of alternative
thinking (Lam & Gale, 2000) to change unhelpful beliefs
into helpful ones, in relation to a negative event causing
FOF. The coping cards emphasized identifying, challeng-
ing, and restructuring maladaptive thoughts. It may main-
ly comprise of affirmations, reminders, action steps, and
evidence-based reframes after interacting with older
adults (Beck, 2017). The coping cards will be created after
interacting with a psychiatric nurse practitioner via tele-
phone intervention. During these 10-minute sessions, con-
ducted biweekly, the nurse practitioner will identify par-
ticipants’ negative thoughts or triggers related to daily ac-
tivities and assist in reframing these into balanced state-
ments.

Resistance training video and positive feedback. A se-
nior physical education professor designed the contents of
the resistance training according to the instructions for
previous studies (Kim & Nam, 2011; Kim et al., 2007;
Rovny, 2004). It comprised of nine exercises, including
arm flexion and extension with shoulder extension, arm
pull, torso rotation, ankle flexion, ankle lift, thigh strength-
ening, leg opening and closing, hip joint exercise, and
thigh pull using a Thera-band. Each resistance training in-
cluded one set of eight repetitions, and a yellow Thera-
Band, representing the lowest intensity, was used initially
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twice daily. Exercise frequency and the Thera-band load
will gradually increase after interacting with participants.
The videos were created using a camera and were up-
loaded to a private YouTube account to ascertain that only
the invited participants could view the videos.

The provision of positive feedback enables participants
to enhance self-efficacy of exercise (Chua et al., 2019; Ha &
Cho, 2021). A sunflower image is projected on the screen
whenever participants achieve their daily exercise goals,
determined by the time spent viewing the resistance train-
ing videos.

3. Development

Through a collaboration with engineers, we designed
the features and interface of the mobile application to visu-
alize the content that would be included in a mobile-based
exercise program. The mobile-based exercise application
was developed from March to August 2023 over a 5-month
course. After the mobile application developers imple-
mented the prototype, several modifications were sug-
gested by the researchers. We verified the organization
and placement of the modified prototype screens, and that
the application works as designed. The main screen of the
application is demonstrated in Figure 1-A and B.

The multimedia cognitive behavioral education was
loaded with written and voice formats into four mind
health icons based on the contents created during the de-
sign phase. The education materials are available to partic-
ipants at any time on the smartphones. A researcher has
access to the master count to evaluate the opening of the
corresponding screens of the participants, while indivi-
dual participants do not have access to this data. The esti-
mated time required to read or listen to all four “mind
health” components is approximately seven minutes. Par-
ticipants can also generate “coping card” by clicking on an
icon. These cards will present the contents of the alter-
native thinking developed with input from a psychiatric
nurse practitioner. The generated cards accumulate and
are displayed on the screen, as shown in Figure 1-C.

Regarding the resistance training video, a video on how
to use the Thera-band was loaded into the first icon in the
exercise screen. Each exercise video was also loaded into
each icon, and a video of all exercises combined was load-
ed into the last icon. The estimated duration of each ex-
ercise video is approximately two minutes, while the com-
bined video lasts 19 minutes and 30 seconds. The partic-
ipants were asked to click on the icon which indicates col-
ors of the Thera-bands prior to exercise. The colors of the
Thera-bands were composed of yellow, red, and green
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which indicate different intensities (Fahlman et al., 2011).
Researchers can track the time participants spend watch-
ing the resistance training videos using the master log.
When participants achieve their exercise goal for that
day, they can see a sunflower as positive feedback (Figure
1-D). The criterion that needs to be satisfied whether they

reached their workout goals is the amount of time they
watched the resistance training video. An individualized
set alarm was established to maintain the resistance exer-
cises. It was initially set twice a day (9 am and 4 pm) and its
time and frequency will be revised according to inter-
action with participants. An additional alarm is set if the
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Figure 1. Screens of the mobile application.

Vol. 27 No. 2, 2024 103



Ko, Youngdi - Park, Jungah - Baek, Seung—Hoon

participants do not run the application. Alarm comments
also emerge when they achieve the goal set. The researcher
can update the frequency and comments of the alarm for
the individualized resistance exercises at the master count.

RESULTS

1. Implementation and Evaluation of a Mobile-
Based Exercise Program

Following the development of the mobile application,
four experts downloaded the program onto their mobile
phones and utilized it over a one-week period. Next, they
provided feedback on the content and usability in a
spreadsheet after development of the mobile-based ex-
ercise program. The team of experts included a psychiatric
professor with more than 10 years of experience as a clin-
ical psychologist, a rehabilitative medicine professor with
more than 7 years of experience as a rehabilitation physi-
cian, a psychiatric nursing professor with about 5 years of
experience of metacognition research, and a geriatric nurs-
ing professor with about 4 years of older adults’ frailty re-
search experience.

They conducted a systematic review of the mobile ap-
plication and suggested some points that required re-
visions. All experts perceived that the mobile application
was useful and applicable in reducing FOF. The impor-
tance of eliciting core beliefs and expressing them on cop-
ing cards to remind older adults of their core beliefs was
highlighted. They also believed that having a sunflower
appear on the screen when a daily goal is completed was
important and necessary for reinforcing positive behavior.

However, there were some comments for further im-

Table 1. Revisions according to Experts’ Comments

provement pertaining to the resistance training video and
multimedia cognitive behavioral education. The mobile
application was revised according to the experts’ com-
ments through collaboration with engineers, but some
comments could not be modified at this time. First, the
font size on the phone screen could not be adjusted using
fingers because this is a web-based application. Secondly,
rewarding users with small gifts online was not feasible
due to additional cost. Revision according to the experts’
comments is summarized in Table 1. Revision of the mo-
bile application lasted for approximately 1 month. The
screen of the resistance training and cognitive behavioral
education is shown in Figure 1-E, F, G and H.

In addition, 10 older adults who had undergone hip
fracture surgery and visited a teaching hospital evaluated
the usability and satisfaction of the mobile application. A
research assistant downloaded the application onto a hos-
pital mobile phone and showed it to the participants, and
assisted them to ensure they could use it thoroughly. Table
2 presents the participants’ survey results in terms of reli-
ability, usability, effectiveness, accessibility, and satisfac-
tion. The survey responses were rated on a 4-point Likert
scale: 0 (Not at all), 1 (Slightly agree), 2 (Moderately agree),
3 (Strongly agree). The average effectiveness score was the
highest at 2.60, while accessibility had the lowest at 2.10.
Most older adults rated the application as reliable, easy to
understand, helpful in reducing FOF, with a readable font
and size, and satisfactory in its design.

2. Quality Assurance

An engineering expert and the first author conducted a
systematic review to proactively detect bugs and defects

Experts' comments

Modifications done

Change an undergraduate student into a senior citizen to demonstrate resistance training

Provide simple subtitles for the main contents of the exercises
Use a voice to count for eight repetitions per set of exercises
Revise how to hold the Thera-Band

Conduct one offline meeting prior to mobile application use

Replace the terms and contents to understand CBT education clearly

Change Al narration into a human voice in CBT education

Provide subheadings for each of the four categorization headings in CBT education

Adjust the font size using fingers on the phone screen

Provide points and reward users with small gifts

Modified
Modified
Modified
Modified
Not applicable
Modified
Modified
Modified
Not modified
Not modified
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Table 2. End users’ Usability and Satisfaction Evaluation of the Mobile Application

(N=10)

No Questions (Criteria) M=SD Possible range
1  The mobile application is reliable (Reliability) 2.40%0.69 0~3
2 The mobile application is easy to understand (Usability) 2.50+0.70 0~3
3 Using the mobile application is helpful to reduce fear of falling (Effectiveness) 2.60+0.51 0~3
4  The mobile application features a readable font and size (Accessibility) 2.10£0.87 0~3
5  I'msatisfied with the mobile application in its current design (Satisfaction) 2.40+0.84 0~3

when the final product was ready to be tested. Particu-
larly, a final check was conducted to ensure that the tar-
geted alarm times were working and that the contents
were operating as intended.

DISCUSSION

Collaborative efforts involving a psychologist, exercise
expert, and engineers were essential to developing a mo-
bile-based exercise program. The contents for the cogni-
tive behavioral education and exercise intervention were
analyzed through comprehensive literature reviews. The
resulting program integrated multimedia cognitive be-
havioral education, coping cards, resistance training vid-
eos, and positive feedback, with the development process
spanning approximately five months. A key strength of
this study is that the program provides accessible and ef-
fective interventions for reducing FOF and preventing
falls. It enables older adults to exercise independently in
their homes at any time. Moreover, periodic feedback and
support may further enhance the program s utility for this
population. However, one challenge is that the application
was not optimally configured for researchers; for instance,
enabling font size adjustments would improve usability.

The use of smartphones by older adults for healthcare
applications has been growing exponentially (Reyes et al.,
2018). Particularly, the coronavirus disease 2019 has led to
a significant increase in the use of mobile devices by older
adults for accessing the Internet and information services
(Liu et al., 2022). A mobile-based exercise program might
be effective in reducing FOF provided that the difficulties
that older adults may experience when using the applica-
tion are addressed. Notably, a recent systematic review
and meta-analysis (Lee et al., 2024) demonstrated that tele-
health, exergaming, and mobile applications improved
fall-related self-efficacy in older adults. This study specifi-
cally targets reducing FOF through a mobile-based ex-
ercise program for older adults after hip fracture surgery.

The mobile-based exercise program was based on cog-
nitive behavioral principles to ensure the promotion and

maintenance of the exercise program. CBT has been well-
recognized in managing FOF in older adults (Chua et al.,
2019; Liu et al., 2018; Whipple et al., 2018); however, it has
been limited for older adults after hip fracture surgery and
with non-face-to-face methods. Lim et al. (2023) found that
an online 6-week CBT program was effective in terms of
consequences of falling, concern about falling, stress, and
social support for health for older adults. The online CBT
was feasible, suggesting a high compliance and low attri-
tion rate.

Conversely, a study (Whipple et al., 2018) revealed that
unsupervised interventions or lack of ongoing support
contact were non-efficacious in the management of FOF.
Accordingly, this mobile application was developed to be
used in conjunction with phone interactions for periodic
checks and support. Goal setting for frequency and in-
tensity of exercise, providing positive feedback, identify-
ing unhelpful beliefs, and guiding alternative thinking are
likely to be performed through an ongoing phone contact.

Evaluation of the mobile-based exercise program by ex-
perts and end users is a necessary process (Cody et al.,
2020). Changes to enhance the quality of the application
were employed through expert feedback, except for non-
modifiable comments, such as adjusting the font size,
which are considered as limitations of this study. In the
end-user evaluation, the mobile application received the
highest score for its effectiveness in helping to reduce FOF,
while the lowest score was given for its accessibility, spe-
cifically in providing a readable font and size. In this
study, the program is not suitable for older adults with a
limited smartphone use, and the developed application is
limited to Android; thus, users of other operating systems,
such as that for iPhones (iOS) cannot use this application.

Despite these limitations, this study program was de-
signed for frail older adults who have experienced hip
fractures to perform resistance exercise, regardless of time
or place. It incorporated cognitive behavioral education,
goal setting, and positive feedback to maintain their moti-
vation to exercise. The next step is to evaluate the long-
term effect of the program for older adults after hip frac-
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ture surgery. Additionally, the involvement of significant
others, such as spouses and family members, is crucial, as
they can either exacerbate or alleviate FOF (Dolan & Pool,
2023). Their engagement in supporting older adults and
encouraging continued use of the application is recom-
mended. Finally, adequate education on resistance ex-
ercises using the application and the establishment of a
trusting relationship should precede the implementation
of the program to optimize its effectiveness.

CONCLUSION

This study developed an exercise program for older
adults through mobile-based cognitive behavioral princi-
ples after hip fracture surgery. This program will likely
contribute to FOF reduction in older adults after hip frac-
ture surgery by replacing negative emotions with positive
ones and improving physical strength and balance. An in-
crease in the exercise program adherence is also expected.
In future studies, the evaluation of the applicability and its
efficacy for older adults is warranted.
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