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a b s t r a c t

Family caregivers often lack preparation to provide care at home to manage symptoms for patients with life-
limiting illnesses. Nurse practitioners can be instrumental in enhancing caregiver readiness by educating
relatives about symptom management. Mobile application (app) health education provides one solution. We
evaluated the acceptability and initial effectiveness of mobile app health education intended to improve
caregiver readiness among 50 family caregivers. Caregiver readiness was measured using the Caregiving
Index before and after the 30-day intervention. Mobile app health education improved the caregiver read-
iness for the intervention group. Our findings demonstrate feasibility and acceptability for delivering edu-
cation to family caregivers through a smartphone app.

© 2022 Elsevier Inc. All rights reserved.
Introduction Mobile app-based education has the potential to improve
The number of patients with life-limiting illness (LLI) increases
globally every year, placing a marked burden on society and the
health care system.1 Despite advances in medical technology, pa-
tients with LLI still suffer significantly, particularly from the mul-
tiple symptoms they experience.2,3 Most patients with LLI prefer to
be cared for at home, assisted by their relatives as informal care-
givers. However, many family caregivers feel unprepared, lack
knowledge, and have limited sources of information that collec-
tively serve as obstacles in the provision of palliative care for pa-
tients at home.4

Family caregivers’ readiness can be enhanced by providing ed-
ucation on how to manage symptoms at home. Nurse practitioners
(NPs), particularly those in primary care and ambulatory care set-
tings, have an important role in improving family caregivers’
readiness. NPs can support family caregivers by educating them
about the patient’s illness and treatment plan, including how to
manage adverse effects. This supportive educationmay help reduce
anxiety, improve coping, reduce decision conflict, promote patient
autonomy, and improve experiences for patients and family care-
givers. Health education can also enhance patients’ independence
in self-care, including self-monitoring and gaining solution skills
about their health problems.5

Various media solutions can be used by NPs and other health
care professionals to provide education for family members caring
for patients at home, including mobile applications (apps).6

Educational interventions delivered through mobile apps can pro-
vide information, including videos to support and facilitate
behavioral changes in the treatment of LLI disease.7
caregiver readiness by providing timely appropriate health infor-
mation to assist family caregivers in addressing patients’ symptom
management.8 Mobile app-based education can provide guidance,
information, and encouragement to patients and family caregivers
without restrictions on place or time.9 Results of a 2020 scoping
review of mobile app-based education to manage symptoms in
patients with cancer at home, show the benefits of smartphone
app-based education include improved family caregivers’ knowl-
edge of monitoring symptoms, symptom management, and
adherence to the treatment plan.10 Other benefits include promo-
tion of health behavioral change and improved monitoring of
physiological indicators of the disease state for patients and family
caregivers. Mobile apps have the potential advantages for family
caregivers such as increasing readiness, reducing stress, and
increasing access to communicate with nurses, thus having the
potential to improve the quality of life of family caregivers.10

Mobile apps have been used in many countries, particularly in
Western countries, to increase available resources for family care-
givers. The mobile apps have various features, including videos,
modules, cultural integration, and avatars.11-14 Literature searches
have found no studies on the development of mobile app health
education, especially in symptom management in Indonesia. In
Indonesia, patients’ spouses or close relatives generally become
informal caregivers,15 especially for patients with LLI diseases. Yet,
one study conducted in Indonesia identified that the caregiving
readiness of family caregivers in suburban Indonesia was very
low.16 The researchers developed a smartphone app, named My
Semah, to provide health education on symptom management and
self-care. The mobile app is available for use and can be
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Figure. Study flowchart
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downloaded for free in the Google Play Store for smartphones that
use the Android operating system.

The current study was a feasibility study to measure the
acceptance and initial effectiveness of 30-day mobile app-based
education for family caregivers of patients with LLI. The feasibility
and initial effectiveness ofMy Semahwas determined by evaluating
(1) family caregivers’ self-reported acceptance and (2) changes in
outcomes of caregiving readiness and quality of life after the 30-day
intervention.

Method

A single-center study was conducted to assess the acceptability
and initial effectiveness of health education using amobile app. The
Universitas Aisyiah Ethics Review Board approved the study pro-
tocol (900/KEP-XX/II/2019). The primary end point was the feasi-
bility and outcomes, including caregiving readiness and quality of
life. The outcome variables were measured before and after the
intervention.

Participants

The study enrolled 50 family caregivers providing care for pa-
tients with LLI at home who agreed to participate. The sample
included informal caregivers who voluntarily provided care. Ac-
cording to sample size formula, a minimal sample size of 25 in each
groupwas considered adequate to detect changes of a large effect in
the outcomes from preimplementation to postimplementation of
the intervention, setting the P value at .05 and power at 0.8 for an
estimated effect size of 0.7.17,18

The family caregivers were divided into intervention group (n ¼
25) and control group (n ¼ 25) based on the geographic location of
their home (Figure). There was no attrition from either group.
Therefore, all 25 participants in the intervention group and 25
participants in the control group were included in the final analysis
(Figure). Principal inclusion criteria were being primary caregivers
of patients with LLI and having an Android-based smartphone.
Exclusion criteria included family caregivers who were diagnosed
with LLI.
The researcher screened family caregivers for eligibility. Eligible
family caregivers were contacted and provided with a brief over-
view of the study and participant information sheet before
completing consent. After completing the consent, the participants
were asked to complete the questionnaires, including the de-
mographic questionnaire, the Caregiving Inventory (CGI) ques-
tionnaire to measure readiness levels, and the World Health
Organization Quality of Life (WHOQOL-BREF) to measure the
quality of life.

Intervention Content

The mobile app, My Semah, was developed to address family
caregivers’ needs. My Semah stands for management of symptoms
at home. In addition, in Java, where the study was conducted, My
Semah refers to “my spouse” because most of the family caregivers
are the patient’s spouse. Several features in the mobile app include
(1) my family, (2) self-care, (3) caring for patients, (4) symptom
management, and (5) notes. The structured educational content
was arranged to achieve the outcome.19 The mobile app was
available via Google Play Store. Participants were asked to access
the app using study-specific nonidentifiable credentials. During the
study, the application was not accessible to the public. The 30-day
smartphone app-based educationwas delivered bymobile app, and
weekly monitoring was conducted by the researchmonitors via the
WhatsApp group.

Instructions to family caregivers about participation expecta-
tions included downloading the app at the beginning of the study
and exploring the features in the application as they wished during
the study period. During the study, the researcher monitored the
participants weekly to ensure that participants accessed the
smartphone app and understood the education materials. Family
caregivers were able to ask questions directly to the researcher or
through the WhatsApp group. In the menu of caring for patients,
there were more specific topics to learn (eg, personal hygiene,
nutrition, taking medicine, spirituality, and comfort). In the menu
of symptom management, the family caregivers were able to learn
about the following topics: pain, nausea and vomiting, fatigue, loss
of appetite, and dyspnea. In the last menu item, notes, participants



Table 1
Characteristics of the Participants (N ¼ 50)

Characteristics Control Group (n ¼ 25) Intervention Group (n ¼ 25) P Value

No. or Mean % or Min-Max No. or Mean % or Min-Max

Demographic information
Age, y 43.76 26-63 35 23-52 .01a

Sex
Male 3 12 10 40 .02a

Female 22 88 15 60
Education background
a. No school 1 4 0 0 .00a

b. Elementary school 4 16 0 0
c. Junior high school 10 40 3 12
d. Senior high school 10 40 16 64
e. Bachelor’s degree 0 0 6 24

Patient-related data
Patient’s diagnoses
a. Diabetes mellitus 5 20 6 24 .22
b. Heart failure 4 16 9 36
c. Stroke 7 28 5 20
d. COPD 5 20 1 4
e. Cancer 4 16 4 16

Length of caregiving, y 4.76 2-8 5.80 2-15 .82
Patients’ dependability
a. Partial 19 76 21 84 .48
b. Total 6 24 4 16

Relationship between patients and caregivers
a. Children 15 60 18 72 .41
b. Spouse 7 28 5 20
c. Grandchildren 0 0 2 8
d. In laws 1 4 0 0
e. Siblings 2 8 .0 0

Availability of support
Yes 0 0 2 8 .15
No 25 100 23 92

Total 25 100 25 100

COPD ¼ chronic obstructive pulmonary disease; Max ¼ maximum; Min ¼ Minimum
a P < .05.
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were able to document symptoms experienced by the patients and
drug administration.

We asked 3 experts to evaluate our smartphone app using the
Mobile Application Rating Scale (MARS). MARS is a multidimen-
sional, reliable, and flexible application quality rating scale for re-
searchers, developers, and health care professionals.20 The current
assessment results showed thatMARS had an average of 70.3 of 100
points from all 3 experts.
Measures

The participants completed a set of demographic questions that
included age, sex, previous education, availability of support, and
length of providing care to the patient. In addition, participants
were asked questions related to the patient’s data such as medical
diagnosis, length of illness, and dependency level. Participants
were also asked to complete the outcome variable questions before
and after the intervention that included content on caregiver
readiness and quality of life.

Permission to use and translate the CGI was obtained before use.
The translated and validated CGI that was then used to measure
caregiving readiness consisted of 21 items. The reliability score of
the Indonesian version of CGI was 0.856.16 Therewere 4 domains in
the caregiving readiness, including medical information manage-
ment, caring for the recipient of care (patient), taking care of
themselves, and managing the difficult communication and emo-
tions associated with providing care for sick family members.21 The
readiness score ranges from 1 to 189, where the higher score re-
flects higher readiness of the family in caring for the patient.
Quality of life was evaluated using the Indonesia version of
validated WHOQOL-BREF.22 The tool consists of 26 items and has 4
domains, namely, physical, psychological, environmental, and so-
cial support. The intraclass coefficient correlation of these 4 do-
mains was between 0.77 and 0.79.22 The final score ranges from
0 to 100, with higher scores demonstrating better quality of life.

In addition to demographic and outcome variables, the partici-
pants were asked about their acceptance of the My Semah smart-
phone app, including effectiveness of the app, limitations of the
app, additional information required for the app, and how willing
they would be to recommend the app to others.

Results

Sample characteristics of the 50 participants completing the
study in the smartphone app-based education (intervention) and
control groups, respectively, are presented in Table 1. Therewere no
significant differences on the length of time providing care, pa-
tient’s level of dependency, and availability of support between
groups at baseline. Notably, however, the control group was older
(mean age of 43.76 years compared with 35 years for the inter-
vention group; P ¼ .01) than that of the intervention group,
included more female caregivers (88% compared with 60% for the
intervention group; P ¼ .02), and had less education (P ¼.001).

At follow-up participants in the smartphone app-based educa-
tion (intervention) group reported significantly increased care-
giving readiness (P ¼ .001). There were also significant differences
in participants’ quality of life in all domains (physical, psychologi-
cal, social, and environmental) in the intervention group compared
with family caregivers in the control group (Table 2).



Table 2
Caregiving Readiness and Quality of Life

Variable Time Point Intervention (n ¼ 25) Control (n ¼ 25) P Value

Caregiving readiness Pretest 69.00 ± 8.636 68.12 ± 6.204 .001
Posttest 162.32 ± 23.112 71.20 ± 9.513

Quality of life .001
Physical aspect Pretest 56.76 ± 8.258 47.32 ± 6.823

Posttest 45.60 ± 6.776 47.08 ± 6.381
Psychological aspect Pretest 46.64 ± 4.923 47.16 ± 5.352 .001

Posttest 65.56 ± 12.616 52.72 ± 9.537
Social Pretest 51.80 ± 10.716 51.28 ± 10.147 .001

Posttest 62.36 ± 13.254 45.88 ± 5.231
Environment Pretest 48.88 ± 6.425 49.84 ± 7.004 .001

Posttest 64.40 ± 9.097 50.80 ± 6.513

Data are presented as mean ± SD.
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Relevant to acceptability of the intervention, participants in the
intervention group felt better about providing care to the patients
using the My Semah app because it helped provide information to
support their daily living in caring for their loved ones. Regarding
shortcomings of the app, some participants said they sometimes
had difficulty in opening the app, noting that there were no images
or videos. Participants suggested adding several things to improve
the smartphone app, such as materials to care for patients with
dementia, and additional features such as health consultations,
how to provide emergency first aid to patients, pictures or videos
for the treatment of symptoms, and how to connect to the hospital
or other health care services. All participants highly recommended
the app to others because the app provided information and insight
on how to treat patients with LLI.
Discussion

The aim of the current study was to pilot test the smartphone
app-based (My Semah) educational intervention for family care-
givers of patients with LLI and explore the acceptability and initial
effectiveness of the app. We found that the 30-day smartphone
app-based educational and training program designed to improve
self-care and symptom management was effective in increasing
caregiving preparedness. Our findings are consistent with previous
studies that found mobile app-based education interventions have
a beneficial effect in increasing family caregivers readiness.23 A
review of the literature indicates that mobile apps focused on
improving knowledge and technical skills resources in family
caregivers in palliative care have not been developed.12-14 Family
caregivers in our study were provided with resources through a
smartphone app aimed at enhancing their ability to perform ac-
tivities for adequate care for patients with LLI. The increasing
readiness may be a result of having more information and ability.24

In our study, the smartphone app-based educational and
training program was also effective in improving all 4 domains
(physical, psychological, social, and environmental) of quality of life
for family caregivers. Our results align with findings of previous
studies investigating the effect of self-management using the app
on the quality of life of patients with cancer.25,26 Although in the
previous studies the patient populations were different, the health
education and training via a mobile appwas found to be effective in
improving quality of life. NPs, particularly NPs in the primary and
ambulatory care settings, have an opportunity to use mobile app-
based training and education to improve both family caregivers’
and patients’ capabilities in symptom management that have the
potential to improve quality of life.

Overall, family caregivers who were in the intervention group
gave positive feedback. In addition, most of the family caregivers in
the intervention group considered the mobile app acceptable and
feasible. The family caregivers’ responses to the open-ended
acceptance questions provided useful insights, particularly into
the strengths of the app and the potential areas of improvement.
The strengths of the mobile app included the variety of information
for symptom management at home to the family caregivers. In
addition, the family caregivers expressed increasing confidence in
providing care for the patients. More opportunities to interact with
health care services, particularly in emergency situations, was
highlighted by family caregivers. Other recommendations by family
caregivers included providing more videos and pictorial informa-
tion and a need for more information related to caring for patients
with dementia.

Our study has several limitations. First, the major limitation of
our study is the relatively small sample size. However, this study
was designed to be a feasibility study to evaluate the initial effec-
tiveness and acceptability of the intervention.

Second, a few of the demographic characteristics of the sample
differed between groups at baseline, namely, mean age, percentage
of female caregivers, and education level. Thus, it is unknown
whether this influenced the differences between groups relative to
caregiver readiness or quality of life. Future studies should consider
random sampling to enhance representativeness in each treatment
group.

Third, the sample consisted of family caregivers living in a
suburban area in Indonesia, which limits the generalizability of
interventions to family caregivers from different geographic back-
grounds. Further research in more diverse populations and settings
may provide important insights on the feasibility and acceptability
of this mobile app-based intervention.
Conclusion

Our education intervention delivered through a smartphone
app, namelyMy Semah, was effective in improving family readiness
and quality of life in family members who cared for patients with
LLI in their home. Next steps should incorporate family caregivers’
feedback provided in our study into an expanded app. Further
research is needed to assess the benefits of the smartphone app
intervention in a randomized controlled trial with a larger sample
size with follow-up beyond 30 days. A larger-scale study could
potentially identify which family caregivers would benefit the most
from the mobile app-based education and determine the effect of
the family caregiver intervention on the quality of care and quality
of life of patients with LLI.

Acknowledgments: The authors thank all of the family caregivers
who participated in the study. The authors would also like to thank
the Institute of Research and Innovation, Universitas Muhamma-
diyah Yogyakarta for the research grant.



E. Rochmawati, D. Putranto / The Journal for Nurse Practitioners 18 (2022) 1097e1101 1101
References

1. Chan KS. Palliative care: the need of the modern era. Hong Kong Med J.
2018;24:391-399.

2. Cardona-Morrel M, Kim J, Trurner R, Anstey M, Mitchell I, Hillman K. Non-
beneficial treatments in hospital at the end of life: a systematic review on
extend of the problem. Int J Qual Health Care. 2016;28(4):456-469.

3. de Heij A, van der Stap L, van der Heide A, et al. A multidimensional strategy to
improve quality of life in patients with multiple symptoms and palliative care
needs: the development of the MuSt-PC. J Pain Symptom Manage. 2018;56:
e60-e61.

4. Mayahara M, Wilbur J, O’Mahony S, Breintenstein S. E-Pain reporter: a digital
pain and analgesic diary for home hospice care. J Palliat Care. 2017;32:77-84.

5. Armoiry X, Sturt J, Phleps EE, et al. Digital clinical communication for families
and caregivers of children or young people with short-or long-term condi-
tions. J Med Internet Res. 2018;20:e5.

6. Soleimaninejad A, Valizadeh-Haghi S, Rahmatizadeh S. Assessing the eHealth
literacy skills of family caregivers of medically ill elderly. Online J Public Health
Inform. 2019;11:e12.

7. Tanabe K, Fujiwara K, Ogura H, Yasuda H, Goto N, Ohtsu F. Quality of web
information about palliative care on websites from the United States and
Japan: comparative evaluation study. Interact J Med Res. 2018;7:e7.

8. Lunder P, Nilsson BB, Bergland A, Kvaerner KJ, Bye A. The effectiveness of
smartphone apps for lifestyle improvement in noncommunicable dis-
eases: systematic review and meta-analyses. J Med Internet Res. 2018;20:
e162.

9. Sturt J, Dliwayo TR, Forjaz V. Eliciting the impact of digital consulting for young
people living with long-term conditions (LYNC Study): cognitive interviews to
assess the face and content validity of two patient-reported outcome mea-
sures. J Med Internet Res. 2018;20:e268.

10. Putranto D, Rochmawati E. Mobile applications for managing symptoms of
patients with cancer at home: a scoping review. Int J Nurs Pract. 2020;26,
e12842.

11. Beck SL, Eaton LH, Echeverria C, Mooney KH. SymptomCare@Home: devel-
oping an integrated symptom monitoring and management system for out-
patients receiving chemotherapy. Comput Inform Nurs. 2017;35:520-529.

12. Chung WW, Agbayani CG, Martinez A, et al. Improving children’s cancer pain
management in the home setting: development and formative evaluation of a
web-based program for parents. Comput Biol Med. 2018;1:146-152.

13. Fishbein JN, Nisotel LE, MacDonald JJ, et al. Mobile application to promote
adherence to oral chemotherapy and symptom management: a protocol for
design and development. JMIR Research Protocol. 2017;6:e62.

14. Slater PJ, Fielden PE, Bradford NK. The Oncology Family App: providing in-
formation and support for families caring for their child with cancer. J Pediatr
Oncol Nurs. 2018;35:94-102.

15. Kristanti MS, Effendy C, Utarini A, Vernooij-Dassen M, Engels Y. The experi-
ence of family caregivers of patients with cancer in an Asian country: a
grounded theory approach. Palliat Med. 2019;33:676-684.
16. Rochmawati E, Prawitasari Y. Perceived caregiving preparedness and quality of
life among Indonesian family caregivers of patients with life-limiting illness.
Int J Palliat Nurs. 2021;27:293-301.

17. Whitehead AL, Julious SA, Cooper CL, Campbell MJ. Estimating the sample size
for a pilot randomised trial to minimise the overall trial sample size for the
external pilot and main trial for a continuous outcome variable. Stat Methods
Med Res. 2016;25:1057-1073.

18. Brydges CR. Effect size guidelines, sample size calculations, and statistical
power in gerontology. Innov Aging. 2019;3:igz036.

19. Chi NC, Demiris G, Lewis FM, Walker AJ, Langer SL. Behavioral and educational
interventions to support family caregivers in end-of-life care: a systematic
review. Am J Hosp Palliat Care. 2016;33:894-908.

20. Stoyanov SR, Hides L, Kavanagh DJ, Zelenko O, Tjondronegoro D, Mani M.
Mobile app rating scale: a new tool for assessing the quality of health mobile
apps. JMIR Mhealth Uhealth. 2015;3:e27.

21. Merluzzi TV, Phillip EJ, Vachon DO, Heitzmann CA. Assessment of self-efficacy
for caregiving: the critical role of self-care in caregiver stress and burden.
Palliat Support Care. 2011;9:15-24.

22. Purba FD, Hunfeld JA, Iskandarsyah A, Fitriana TS, Passchier J, Busschbach JJV.
Quality of life of the Indonesian general population: test-retest reliability and
population norms of the EQ-5D-5L and WHOQOL-BREF. PloS One. 2018;13,
e0197098.

23. Alvariza A, H€ager-Tibell L, Holm M, Steineck G, Kreicbergs U. Increasing pre-
paredness for caregiving and death in family caregivers of patients with severe
illness who are cared for at homedstudy protocol for a web-based inter-
vention. BMC Palliat Care. 2020;19:33.

24. Tricco AC, Antony J, Ivers NM, et al. Effectiveness of quality improvement
strategies for coordination of care to reduce use of health care services: a
systematic review and meta-analysis. CMAJ. 2014;186:E568-E578.

25. Hou IC, Lin HY, Shen SH, et al. Quality of life of women after a first diagnosis of
breast cancer using a self-management support mHealth App in Taiwan:
randomized controlled trial. JMIR Mhealth Uhealth. 2020;8, e17084.

26. Kang YN, Shen HN, Lin CY, et al. Does a Mobile app improve patients’
knowledge of stroke risk factors and health-related quality of life in patients
with stroke? A randomized controlled trial. BMC Med Inform Decis Mak.
2019;19:282.
Erna Rochmawati, SKp., MNSc, MMedEd, PhD, is a faculty member in the Masters
Program at the School of Nursing, Universitas Muhammadiyah Yogyakarta, Indonesia,
and can be reached at erna.rochmawati@umy.ac.id. Dian Putranto, Skep., Ns, MKep, is
also a faculty member in the Masters Program, School of Nursing, Universitas
Muhammadiyah Yogyakarta.

Funding: This study received grant from the Institute of Research and Community
Development (LP3M), Universitas Muhammadiyah Yogyakarta Indonesia under the
scheme of International Research Collaboration (SK No 194/SK-LP3M/XXI).
In compliance with standard ethical guidelines, the authors report no relationships
with business or industry that may pose a conflict of interest.

http://refhub.elsevier.com/S1555-4155(22)00317-8/sref1
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref1
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref2
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref2
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref2
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref3
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref3
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref3
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref3
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref4
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref4
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref5
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref5
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref5
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref6
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref6
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref6
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref7
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref7
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref7
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref8
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref8
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref8
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref8
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref9
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref9
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref9
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref9
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref10
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref10
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref10
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref11
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref11
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref11
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref12
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref12
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref12
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref13
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref13
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref13
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref14
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref14
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref14
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref15
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref15
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref15
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref16
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref16
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref16
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref17
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref17
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref17
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref17
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref18
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref18
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref19
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref19
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref19
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref20
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref20
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref20
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref21
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref21
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref21
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref22
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref22
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref22
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref22
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref23
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref23
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref23
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref23
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref23
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref23
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref24
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref24
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref24
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref25
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref25
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref25
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref26
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref26
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref26
http://refhub.elsevier.com/S1555-4155(22)00317-8/sref26
mailto:erna.rochmawati@umy.ac.id

