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Introduction 
 
In recent years, the development of wearable tech-
nology is increasing (1,2). Their usage has also in-
creased, and wearable technology now plays a piv-
otal role in the lives of users (3,4). The worldwide 
market for wearable devices grew 82.3% in the 

fourth quarter of 2019 according to International 
Data Corporation (5). Wearable technology for 
the wrist is at the center of the fast-expanding 
wearable market (6,7). Smartwatches that are the 

Abstract 
Background: Smartwatches are a consumer wearable device offering a potential, practical, and affordable 
method to collect personal health data in healthy adults. For patients with chronic diseases, this would enable 
symptom monitoring and aid clinical decision making. Therefore, providing customized checklists to recommend 
smartwatches is beneficial. However, few studies have evaluated the practical functions of smartwatches and 
their influence on user acceptance. We aimed at developing a reliable tool to assess the quality of smartwatches 
from the users’ perspective.  
Methods: To develop the smartwatch rating scale (SWRS), we conducted a comprehensive literature review as 
well as reviewed relevant websites. The SWRS includes 22 items for the usability (usability, functionality, safety, 
material, and display) and five items for the acceptance and adoption domain (satisfaction and intention). We 
measured the scale’s internal consistency and inter-rater reliability by evaluating seven smartwatches.  
Results: The overall scale demonstrated an excellent level of internal consistency (Cronbach’s alpha = 0.91), 
with each subscale’s internal consistency above good level (0.74 ~ 0.92). Inter-rater reliability using intraclass 
correlation coefficients (ICC) was at good level (2-way random ICC = 0.82, 95% CI 0.09 – 0.97).  
Conclusions: The SWRS is reliable, which can meet the need for assessment of smartwatch technology for 
utilizing in personal healthcare. Accounting for users’ perspectives will help make the most of technology without 
impairing the human aspects of care, this study can help consumers choose a smartwatch based on their prefer-
ences and provide guidelines for developing user-friendly wearable devices aimed at health behavior changes.  
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electronic watch and computer with smartphone 
applications installed. 
Smartwatches are highly promoted in the infor-
mation and communications technology industry 
for their multiple functions that interest users, 
such as notifications that are synchronized with 
smartphones and other applications; smart-
watches can also offer continuous data monitoring 
functions, such as step-counting, heart rate track-
ing, energy consumption as well as physical activ-
ity monitoring, which can promote health (7–9). 
Recent studies have confirmed the positive effects 
of smartwatches on preventive healthcare and 
self-management for chronic diseases; they can 
also function as a tool offering real-time health in-
formation to healthcare professionals (10–13). For 
example, by automatic monitoring of smoking ep-
isodes using the smartwatch, motivated smokers 
were able to facilitate smoking reduction (14). 
Smartwatches providing real-time feedback also 
improved the quality of cardio-pulmonary resusci-
tation performed by healthcare providers (15). 
However, despite the usefulness and effectiveness, 
the effort to assess the user-based quality evalua-
tion of smartwatch has lagged when compared to 
smartphones and tablets, and few studies have 
been conducted on the factors of smartwatch 
adoption (16,17). One of the main reasons for the 
low user acceptance of smartwatch could be the 
excessive number of choices available, given little 
accurate information or knowledge about the de-
vices (18). Previous studies have reported that 
navigate through the large number of available 
brands, such as Fitbit, Xiaomi, Apple, Garmin, 
and Samsung, is a burden for consumers (1,19–
21). With such difficulties, therefore, it is no sur-
prise that consumers heavily take into account the 
brand image and price of the product rather than 
their functional features (4). In addition, some 
studies have found that perceived uselessness, per-
ceived price, perceived novelty, and self-efficacy 
of smartwatches had an impact on consumer re-
sistance to using them (22,23).  
Meanwhile, other electronic devices, such as 
smartphones, tablets, or laptops, have huge 
amounts of information available to consumers 
(24). In the case of mobile phone applications, 

consumers can readily view comprehensive con-
sumer star ratings and reviews (22,25). For exam-
ple, the user version of the Mobile Application 
Rating Scale (MARS), a simple and objective qual-
ity evaluation tool for consumers, serves as a cred-
ible and reliable guideline for choosing the best 
health mobile apps available, but no such tool ex-
ists for smartwatches (26,27). Thus, there is need 
to develop a comprehensive rating scale that is 
parallel to the MARS for smartwatches. However, 
previous studies regarding smartphones have 
mostly been focused on the extension of the tech-
nology acceptance model or unified theory of ac-
ceptance and use of technology and studied their 
implication on the factors that are associated with 
usage perception of users (28,29). Such ap-
proaches may help understanding the motivation 
of purchasing a smartwatch but tell little about 
what practical functions potential users are seek-
ing. Even though Dehghani’s (2016) work catego-
rized the adoption factors a more detailed level, 
the study still does not discuss quality assessment 
for adopting smartwatches (30). 
Thus, we aimed to develop a smartwatch rating 
scale based on user aspects and to test its reliability 
for applying to personal healthcare based on user 
preferences. 
 

Materials and Methods 
 
Development process outline  
This was a methodological study for developing a 
smartwatch rating scale (SWRS). To create the rat-
ing scale, we reviewed a number of published arti-
cles about acceptance, adoption, and usability of 
smartwatch and websites about rating smart-
watches. Based on the literature review, keywords 
for smartwatch rating scales were extracted. By us-
ing the extracted keywords, we initially developed 
the SWRS for assessing the user-based quality 
evaluation.  
 
Smartwatch rating scale (SWRS) development 
Extracting keywords from literature review 
and related websites 
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We conducted a comprehensive literature search 
on the factors that influence smartwatch adoption, 
such as the price, aesthetics, and functionalities, in 
PubMed, ACM digital library, IEEE-Xplore, and 
Google scholar. The search keywords were 
“smartwatch” AND “criteria” OR “assess” OR 
“evaluate”. Employing our inclusion criteria, we 
included articles that were focused on the selection 
criteria of wearable technology.  
A total of 56 articles were found. After initial re-
view, we removed 48 articles that did not explore 
the adoption of smartwatch technology and were 
left with 8 articles. However, the articles provided 
broad categories, such as aesthetics and daily use. 
As an alternative method, we searched readily 
available websites that provide comprehensive re-
views and comparisons of smartwatches with 
same keywords adding “comparison” OR “chart” 
for a more explicit criterion. Out of the search re-
sults, we selected the websites that provide an ex-
plicit and unified rating criterion. Of the smart-
watch reviewing websites, 16 met the inclusion cri-
teria. We extracted a total of 141 keywords about 
the criteria of smartwatch adoption considering 
the user aspect from 8 articles and 16 websites. 
The irrelevant keywords, duplicates, and keywords 
with low frequency (appearing less than twice) 
were removed; 48 keywords remained (Supple-
mentary Fig. 1- Not published. Readers may con-
tact the authors if needed). 
 
Creating a draft of the SWRS 
An expert panel with extensive experience in med-
ical informatics and ubiquitous health categorized 
the 48 keywords into the usability domain. Then, 
each keyword was converted into a corresponding 
question, utilizing a 5-point Likert scale for a quan-
titative survey. The usability domain of the scale 
consisted of 22 items about smartwatch quality, in-
cluding whether the smartwatch is comfortable for 
daily use, does it have the functions that consum-
ers demand, is it safe and strong enough for daily 
use, is its material appropriate, and is the smart-
watch’s display clear and readable. The 22 items of 
assessment criteria identified in previous research 
were extracted. There is no criteria or evidence 

driven framework for smartwatch quality evalua-
tion, we used relevant questions of a reliable tool 
called MARS which is most popular scale that 
evaluate the quality of health-related apps (26). 
The usability domain was divided into usability 
(five items), functionality (six items), safety (three 
items), material (four items), and display (four 
items). A smartwatch could be considered a com-
puter, but at the same time, its aesthetic features 
significantly influence consumer adoption (4). 
This implies that potential consumers take into 
consideration numerous subjective factors when 
choosing a smartwatch. A rating scale to measure 
the user-based quality of smartwatches should in-
corporate this subjective feature. Therefore, we 
added the acceptance and adoption domain which 
includes five items to evaluate the satisfaction and 
intention of user based on the Mobile Application 
Rating Scale (26). Finally, the SWRS includes two 
domains with 27 items.  
 
Testing the internal consistency and inter-
rater reliability of the final SWRS  
To test the internal consistency and inter-rater re-
liability of the SWRS, we checked the market rank-
ing data of current mainstream market-leading 
wrist-wearable devices (3). The seven smart-
watches were selected for the following reasons. 
First, we selected the internationally renowned 
smart bracelets, according to market research data 
by NPD and Canalys (31, 32), Fitbit had the largest 
market share and also exhibited a good market 
performance. So, Fitbit Surge (Fitbit Inc) was cho-
sen to represent the foreign-made smart bracelets. 
Second, the shipment of the Mi Band in the health 
tracking devices market has been second to that of 
Fitbit. Thus, the Mi Band (Mi, China) was chosen 
to represent the Chinese brand bracelets (33). 
Third, when choosing smart watches, given that 
the functions of smart watches and mobile phones 
were close and that mobile phones from Samsung 
and Apple were leading products in the market, 
Samsung Gear S (Samsung Inc) and Apple Watch 
(Apple Inc) were chosen to represent the smart 
watches (34). Then, we selected the seven smart-
watches as representative; Fitbit Charge HR, Fitbit 
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Blaze (Fitbit Inc., San Francisco, CA, USA), Sam-
sung Gear-fit 2, Samsung Gear S2, Samsung Gear 
S3 (Samsung Electronics Co., Ltd, Suwon, South 
Korea), Apple Watch 2 (Apple Inc., Cupertino, 
CA, USA), Xiaomi Mi-Band 2 (Xiaomi Inc., Bei-
jing, China) (Supplementary Table 1- Not pub-
lished. Readers may contact the authors if needed). 
After using each device for a minimum of three 
days, two researchers completed the survey for 
quality evaluation. 
The internal consistency of the SWRS was calcu-
lated using Cronbach’s alpha. This indicates the 
degree (correlations) to which items measuring the 
same general construct produce similar scores. In-
ter-rater reliability of the SWRS was determined by 
the intra-class correlation coefficient (ICC) reflect-
ing the accuracy that the rating process was based 
on. We performed ICC with a two-way random 
effect, average measures model with absolute 
agreement that regards evaluators as random ef-
fects, because the developed scale will be used by 
several evaluators (35,36). Confidence intervals 

(CIs) for all ICCs were calculated to assess 
whether they differed from each other. 
 

Results 
 
Final version of the SWRS 
As shown in Table 1, the final form of question-
naire for assessing user-based quality evaluation of 
smartwatch composed of usability (five ques-
tions), functionality (six questions), safety (three 
questions), material (four questions), and display 
(four questions) for the usability domain and five 
questions for the acceptance and adoption do-
main, with a total of 27 questions. The self-re-
ported scale for the usability questions was rated 
on a 5-point Likert scale, from 1-point (“Very 
bad”) to 5-point (“Very good”). Additionally, re-
sponses to the acceptance and adoption domain 
were categorized into the total score, which was 
calculated by summing the 27 items. Scores ranged 
from 27 to 135, and higher scores indicated better 
overall quality of a smartwatch.

 
Table 1: The final version of the Smartwatch Rating Scale 

 

Items                                                            Rating scale 
Usability and acceptance domain  
Usability Very bad Bad Moder-

ate 
Good Very 

good 
1. Is the size of the smartwatch appropriate/comfortable for 
daily use? 

     

2. Is the weight of the smartwatch appropriate/comfortable for 
daily use? 

     

3. Does the battery of the smartwatch last long enough?      
4. Is the charging method of the smartwatch convenient?      
5. Is the outer appearance of the smartwatch attractive?      
Functionality Very bad Bad Moder-

ate 
Good Very 

good 
6. Is it convenient to access the main functions of the smart-
watch? 

     

7. Is the gestural movement of the smartwatch (touch screen, 
scroll, etc.)  
   smooth? 

     

8. Does the smartwatch respond quickly enough?      
9. Is the smartwatch compatible with user's phone?      
10. Is the memory of the smartwatch large enough?      
11. Does the smartwatch accurately measure what it should be 
measuring  
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     (Steps, calorie consumption, sleep, etc.)? 

Safety Very bad Bad Moder-
ate 

Good Very 
good 

12. Does the smartwatch have water resistance?      
13. Does the smartwatch have dust resistance?      
14. Is the smartwatch safe from external shocks or scratch?      

Material Very bad Bad Moder-
ate 

Good Very 
good 

15. Is the material of the watch appropriate (in terms of design, 
texture,  
      strength, etc.)? 

     

16. Is the case material of the watch appropriate (in terms of de-
sign, texture,  
      strength, etc.)? 

     

17. Is the band material of the watch appropriate (in terms of 
design, texture,  
      strength, etc.)? 

     

18. Is the band lock of the smartwatch comfortable to use?      
Display Very bad Bad Moder-

ate 
Good Very 

good 
19. Is the size of the display screen appropriate for daily use?      
20. Is the screen resolution appropriate?      
21. Is the layout and design of the screen appropriate?      
22. Is the readability of the smartwatch (under sun, in dark, etc.) 
appropriate? 
 

 
 

 
 

 
 

 
 

 
 

Adoption domain Rating scale 
1. Are you satisfied with the functions of 
the smartwatch? 

Very dissatisfied No Somewhat Yes Very sat-
isfied 

2. Are you satisfied with the price of the 
smartwatch? 

Very dissatisfied No Somewhat Yes Very sat-
isfied 

3. Do you intend to recommend the smart-
watch to your family  
    members/friends/acquaintances? 

Not at all Maybe Possibly Yes Defi-
nitely 

4. How many times do you intend to use 
the smartwatch over a  
    week? 

Not at all 1-2 times 3-4 times 5-6 
times 

Everyday 

5. What is your overall rating for the smart-
watch? 

1 2 3 4 5 

 
 Internal consistency and inter-rater reliability 
of the SWRS 
As shown in Table 2, we confirmed the internal 
consistency and inter-rater reliability using ICC. 
The overall score of SWRS for the selected seven 
smartwatches demonstrated an excellent level of 
internal consistency (Cronbach’s alpha = 0.91). 
Each subscale’s internal consistency examined was 

above good level (0.74 ~ 0.92). The SWRS ratings 
of the seven smartwatches had a significantly good 
inter-rater reliability by the CI (2-way random ICC 
= 0.82, 95% CI = 0.09 – 0.97), meaning that the 
SWRS had an acceptable inter-rater reliability 
(35,36). However, the ICC of safety and material 
subscales were not significant. 
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Table 2: Internal consistency and inter-rater reliability of the usability and acceptance domain (N=7) 

 

Item Subscale Mean SD Internal con-
sistency 

Inter-rater reliability (95% CI) 
/ p value 

Usability   
1 Size 3.71 0.95 0.91 0.96 (0.79 ~ 0.99)/ P = 0.001 
2 Weight 4.14 0.90   
3 Battery 3.14 0.69   
4 Charging 3.71 0.76   
5 Appearance 3.86 1.07   

Functionality   
6 Accessibility 4.14 0.38 0.92 0.85 (0.04 ~ 0.98)/ P = 0.023 
7 Gesture 4.59 0.76   
8 Speed 4.14 0.69   
9 Memory 3.43 0.79   
10 Measurement accuracy 3.71 0.76   
11 Phone compatibility 4.29 0.95   

Safety   
12 Water resistance 3.00 0.82 0.76 0.56 (-1.57 ~ 0.93)/ P = 0.177 
13 External shock 3.00 0.58   
14 Dust resistance 3.43 0.54   

Material   
15 Material 4.00 0.58 0.74 0.24 (-3.30 ~ 0.87)/ P = 0.375 
16 Case 3.86 0.69   
17 Strap 4.29 0.76   
18 Lock 3.14 0.90   

Display   
19 Screen size 3.57 0.98 0.90 0.92 (0.57 ~ 0.99)/ P = 0.003 
20 Resolution 3.86 0.90   
21 Layout 3.86 0.69   
22 Readability 4.29 0.49   

Total 3.77 0.45 0.91 0.82 (0.09 ~ 0.97)/ P = 0.027 

Note, Internal consistency: Cronbach’s alpha / Inter-rater reliability: Intraclass correlation coefficient (ICC) 

 

Discussion 
 
The SWRS developed in this study provides a 
function chart which could be used as a checklist 
when searching for a smartwatch which has a spe-
cific function. The SWRS consisted of 27 items to 
evaluate usability, functionality, safety, materials, 
comprising the usability domain, and to evaluate 
user's satisfaction as the acceptance and adoption 
domain, which is thought to reflect the result of a 
previous study that revealed that users' intention 
of a smartwatch is affected by its usefulness, en-
joyment, cost, and satisfaction (18). In addition, 
user-based perspective of the SWRS may help 

consumers choose a smartwatch that has func-
tions tailored to their needs and help doctors rec-
ommend a wearable device to their patients for 
personalized symptom monitoring to allow for 
better disease management. Smartwatches are 
used in various interventions because they can col-
lect individual information of users in real-time 
and identify physical information according to the 
situation (2). It is essential to select the most ap-
propriate smartwatch for each intervention, and 
the SWRS can be used as an obvious criterion to 
make this selection. Conducting usability testing 
on the smartwatch prior to intervention could also 
increase patients’ compliance (8).  
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Data reliability is a critical issue, especially when 
data are used to develop the tool or create a pro-
gram (37). Inter-rater reliability was assessed for 
the quantitative measurements scored by both 
raters in the composite scorecard using weighted 
kappa with a range of zero (no agreement) to one 
(perfect agreement) (38). In the present study, ICC 
was used to examine whether there was inter-rater 
reliability. The standard of ICC is 0.0 to 0.20 for 
slight, 0.21 to 0.40 for fair, 0.41 to 0.60 for mod-
erate, 0.61 to 0.80 for substantial, and 0.81 to 1.00 
for almost perfect (39). Our findings showed that 
the total ICC for the SWRS has high reliability 
within and between the assessors. However, the 
safety and material among the five subscales of the 
usability domain did not have significance for ICC. 
Less reliable and accurate ratings may result when 
data are rated in the middle of the rating scale, are 
ambivalent, hard to rate, or rated with low confi-
dence. Consequently, it is especially important to 
the SWRS to review those items, and to carefully 
consider item length and vocabulary usage. Fur-
thermore, prior training of raters would be helpful 
as it would standardize the information provided 
in these components. Future research is required 
to determine how to best evaluate the safety and 
material of smartwatch technology. The issue of 
measurement reliability is an important and neces-
sary first step in determining a tool’s utility (36,37). 
However, further research into other psychomet-
ric properties, like test-retest reliability, which 
would compare the entire assessment process over 
two time points and exhibit concurrent validity 
with advanced camera systems, is warranted. 
One interesting finding is that the number of func-
tions contained within a smartwatch did not nec-
essarily mean higher objective quality. These re-
sults seem to be related to the lack of consumer's 
knowledge of the smartwatch function or lack of 
interest in function operation. Therefore, it is 
thought that smartwatches that reflect the com-
mon needs of users, regardless of their age or ex-
perience in use of smartwatches, will be more ac-
ceptable to them. 
There are some limitations. First, this study in-
cluded keywords which were extracted from non-
scholarly articles and multiple sources, which can 

be the most frequently appearing or newly emerg-
ing keywords. Accordingly, this approach can 
draw a selection bias. Second, only a few well-es-
tablished brands were assessed to test the inter-
rater reliability. Third, only two raters assessed the 
reliability for SWRS, thereby affecting the accu-
racy of the inter-rater reliability measured. Last 
over the course of time it took to complete this 
research, much has changed with technology, mar-
ket share and the number of related studies has 
changed. The smartwatches can monitor heart rate 
and respiration rate with and provide important 
information regarding arrhythmia.  
 

Conclusion 
 
The SWRS is reliable, which can meet the need for 
assessment of smartwatch technology. Accord-
ingly, the SWRS could provide evidence-based in-
formation to support the need for smartwatches 
among customers and healthcare providers. More-
over, the SWRS could be used to identify prob-
lems between smartwatch types and their intended 
user populations so that developers can make re-
sponsive design changes. We suggest that raters 
should be sufficiently and appropriated trained. 
Future research is required to determine the suita-
bility and reliability of the SWRS using larger sam-
ples.  
 

Journalism Ethics considerations  
 
Ethical issues (Including plagiarism, informed 
consent, misconduct, data fabrication and/or fal-
sification, double publication and/or submission, 
redundancy, etc.) have been completely observed 
by the authors. 
 

 
Acknowledgments 

This research was supported by the Basic Science 
Research Program through the National Research 
Foundation of Korea (NRF) funded by the Minis-
try of Education (2015R1C1A1A01055753; 
2018R1D1A3B07050652). 

http://ijph.tums.ac.ir/


Lee et al.: Initial Development of User-Based Quality Evaluation Questionnaire … 

 

Available at:    http://ijph.tums.ac.ir  85 

 
Conflicts of Interest 
 
The authors declare no conflict of interest. 
 

References  
 

1. Baba NA, Baharudin AS, Alomari A (2019). De-
terminants of users’ intention to use smart-
watch. J Theor Appl Inf Technol, 97(18):4738-50. 

2. Guk K, Han G, Lim J, et al. (2019). Evolution of 
wearable devices with real-time disease moni-
toring for personalized healthcare. Nanomateri-
als (Basel), 9(6):813. 

3. Canalys, Worldwide wearable band market grew 
65% in Q3 2019 while Asia Pacific doubled in 
volume. Available at https://canalys-prod-
public.s3.eu-west 1.amazo-
naws.com/static/press_re-
lease/2019/CanalysWearable-
sPRQ32019v4.pdf . Accessed 07/15/2019. 

4. Jung Y, Kim S, Choi B (2016). Consumer valua-
tion of the wearables: The case of smart-
watches. Comput. Human Behav, 63:899–905.  

5. IDC. Shipments of Wearable Devices Reach 
118.9 Million Units in the Fourth Quarter and 
336.5 Million for 2019, According to IDC. 
https://www.telecomtv.com/con-
tent/idc/shipments-of-wearable-devices-
reach-118-9-million-units-in-the-fourth-quar-
ter-and-336-5-million-for-2019-according-to-
idc-37984/  

6. Chun JS. World smartwatch sales in Q2 12.3 mil-
lion units 44% High Growth. Yonhap News 
Agency. 2019. 
https://www.yna.co.kr/view/AKR20190906
024000017 

7. Kheirkhahan M, Nair S, Davoudi A, et al (2019). 
A smartwatch-based framework for real-time 
and online assessment and mobility monitor-
ing. J Biomed Inform, 89:29-40.  

8. Lu TC, Fu CM, Ma HM, Fang CC, Tumer AM 
(2016). Healthcare applications of smart 
watches: A systematic review. Appl Clin Inform, 
7(3):850-69.  

9. Piwek L, Ellis DA, Andrews S, Joinson A (2016). 
The rise of consumer health wearables: Prom-
ises and barriers. PLoS Med, 13(2):1-9. 

10. King CE, Sarrafzadeh M (2018). A survey of 
smartwatches in remote health monitoring. J 

Healthc Inform Res, 2(1-2):1-24.  
11. Jia Y, Wang W, Wen D, Liang L, Gao L, Lei J 

(2018). Perceived user preferences and usabil-
ity evaluation of mainstream wearable devices 
for health monitoring. Peer J, 25: 6:1-17. 

12. van Helmond N, Freeman CG, Hahnen C, et al 
(2019).  The accuracy of blood pressure meas-
urement by a smartwatch and a portable health 
device. Hosp Pract, 47(4):211-5.  

13. Wasserlauf J, You C, Patel R, Valys A, Albert D, 
Passman R (2019). Smartwatch performance 
for the detection and quantification of atrial fi-
brillation. Circ Arrhythm Electrophysiol, 12(6): 
e006834.  

14. Dar R (2018). Effect of real-time monitoring and 
notification of smoking episodes on smoking 
reduction: A pilot study of a novel smoking 
cessation app. Nicotine Tob Res, 20(12): 1515–8.  

15. Lu TC, Chang YT, Ho TW, et al (2019). Using a 
smartwatch with real-time feedback improves 
the delivery of high-quality cardiopulmonary 
resuscitation by healthcare professionals. Resus-
citation, 140: 16-22.  

16. Rauschnabel PA, Krey N, Chuah S, Nguyen B, 
Lade S, Ramayah T (2016). Exploring the 
adoption of smartwatches. Digital Enterprise 
Computing, 39-48. 

17. Strain T, Wijndaele K, Brage S (2019). Physical ac-
tivity surveillance through smartphone apps 
and wearable trackers: Examining the UK po-
tential for nationally representative sampling. 
JMIR MHealth UHealth, 7(1): 1-13.  

18. Kim KJ (2016). Round or Square? How Screen 
Shape Affects Utilitarian and Hedonic Motiva-
tions for Smartwatch Adoption. Cyberpsychol 
Behav Soc Netw,19(12): 733-9.  

19. Anggraini N, Kaburuan ER, Wang G, Jayadi R 
(2019). Usability study and users’ perception of 
smartwatch: Study on Indonesian customer. 
Procedia Comput Sci, 161: 1266-74.  

20. Cheung ML, Chau KY, Lam MHS, Tse G, Ho 
KY, Flint SW (2019). Examining consumers' 
adoption of wearable healthcare technology: 
The role of health attributes. Int J Environ Res 
Public Health, 16(13): 1-16.  

21. Gualtieri L, Rosenbluth S, Phillips J (2016). Can a 
free wearable activity tracker change behavior? 
The impact of trackers on adults in a physician-
led wellness group. JMIR Res Protoc, 5(4): 1-8.  

22. Mani Z, Chouk I (2017). Drivers of consumers? 
Resistance to smart products. J Market Manag, 

http://ijph.tums.ac.ir/
https://www.telecomtv.com/content/idc/shipments-of-wearable-devices-reach-118-9-million-units-in-the-fourth-quarter-and-336-5-million-for-2019-according-to-idc-37984/
https://www.telecomtv.com/content/idc/shipments-of-wearable-devices-reach-118-9-million-units-in-the-fourth-quarter-and-336-5-million-for-2019-according-to-idc-37984/
https://www.telecomtv.com/content/idc/shipments-of-wearable-devices-reach-118-9-million-units-in-the-fourth-quarter-and-336-5-million-for-2019-according-to-idc-37984/
https://www.telecomtv.com/content/idc/shipments-of-wearable-devices-reach-118-9-million-units-in-the-fourth-quarter-and-336-5-million-for-2019-according-to-idc-37984/
https://www.telecomtv.com/content/idc/shipments-of-wearable-devices-reach-118-9-million-units-in-the-fourth-quarter-and-336-5-million-for-2019-according-to-idc-37984/
https://www.yna.co.kr/view/AKR20190906024000017
https://www.yna.co.kr/view/AKR20190906024000017


Iran J Public Health, Vol. 52, No.1, Jan 2023, pp.78-86  

 

86  Available at:    http://ijph.tums.ac.ir          

33(1-2): 76–97.  
23. Ha T, Beijnon B, Kim S, Lee S, Kim JH (2017). 

Examining user perceptions of smartwatch 
through dynamic topic modeling. Telematics and 
Informatics, 34(7): 1262–73.  

24. Cecchinato ME, Cox AL, Bird J (2015). Smart-
watches: The good, the bad and the ugly? Pro-
ceedings of the 33rd annual ACM conference 
extended abstracts on human factors in com-
puting systems. A.C.M, 2133-8. 

25. Nwosu AC, Quinn C, Samuels J, Mason S, Payne 
TR (2018). Wearable smartwatch technology 
to monitor symptoms in advanced illness. BMJ 
Support Palliat Care, 8(2): 237.  

26. Stoyanov SR, Hides L, Kavanagh DJ, Zelenko O, 
Tjondronegoro D, Mani M (2015). Mobile app 
rating scale: A new tool for assessing the qual-
ity of health mobile apps. JMIR MHealth 
UHealth, 3(1): 1-9.  

27. Foster KR, Torous J (2019). The opportunity and 
obstacles for smartwatches and wearable sen-
sors. IEEE Pulse, 10(1): 22-5.  

28. Chen CC, Shih HS (2014). A study of the ac-
ceptance of wearable technology for consum-
ers: An analytical network process perspective. 
International Journal of the Analytic Hierarchy Pro-
cess, 1-5.  

29. Venkatesh V, Morris MG, Davis GB, Davis FD 
(2003). User acceptance of information tech-
nology: Toward a unified view. MIS Quarterly, 
27(3): 425-478.  

30. Dehghani M (2016). An assessment towards 
adoption and diffusion of smart wearable tech-
nologies by consumers: The cases of smart 
watch and fitness wristband products. 27th 
ACM Conference on Hypertext and Social Media, 
CEUR Workshop Proceedings, 1628. 

31. Canalys, Fitbit accounted for nearly half  of  global 
wearable band shipments in Q1 2014. Availa-

ble at https://www.canalys.com/news-
room/fitbit-accounted-nearly-half-global-
wearable-band-shipments-q1-2014 Accessed 
11/20/2018. 

32. Canalys, Fitbit accounted for nearly half  of  global 
wearable band shipments in Q1. Available at 
https://www.canalys.com/newsroom/media-
alert-fitbit-maintains-leadership-share-weara-
ble-band-market-apple-watch-entrance Ac-
cessed 11/20/2018. 

33. Mobihealthnews, Fitbit, Jawbone, Nike had 97 
percent of  fitness tracker retail sales. Available 
at http://www.mobihealthnews.com/28825/
fitbit-jawbone-nike-had-97-percent-of-fitness-
tracker-retail-sales-in-2013/ Accessed 
11/23/2018. 

34. Wen D, Zhang X, Liu X, Lei J (2017). Evaluating 
the consistency of  current mainstream weara-
ble devices in health monitoring: a comparison 
under free-living conditions. J Med Internet Res, 
19(3): e68.  

35. Gwet KL (2008). Computing inter-rater reliability 
and its variance in the presence of high agree-
ment. Br J Math Stat Psychol, 61(1): 29-48.  

36. Liljequist D, Elfving B, Skavberg Roaldsen K 
(2019). Intraclass correlation: A discussion and 
demonstration of basic features. PLoS One, 
14(7): e0219854.  

37. Zapf A, Castell S, Morawietz L, Karch A (2016). 
Measuring inter-rater reliability for nominal 
data - which coefficients and confidence inter-
vals are appropriate?. BMC Med Res Methodol, 
16: 1-10.  

38. Sim J, Wright CC (2005). The Kappa Statistic in 
Reliability Studies: Use, Interpretation, and 
Sample Size Requirements. Physl Ther, 85(3): 
257–68.  

39. McHugh ML (2012). Interrater reliability: the 
kappa statistic. Biochem Med, 22(3): 276-282.

 

 
 

http://ijph.tums.ac.ir/
https://www.canalys.com/newsroom/fitbit-accounted-nearly-half-global-wearable-band-shipments-q1-2014
https://www.canalys.com/newsroom/fitbit-accounted-nearly-half-global-wearable-band-shipments-q1-2014
https://www.canalys.com/newsroom/fitbit-accounted-nearly-half-global-wearable-band-shipments-q1-2014
https://www.canalys.com/newsroom/media-alert-fitbit-maintains-leadership-share-wearable-band-market-apple-watch-entrance
https://www.canalys.com/newsroom/media-alert-fitbit-maintains-leadership-share-wearable-band-market-apple-watch-entrance
https://www.canalys.com/newsroom/media-alert-fitbit-maintains-leadership-share-wearable-band-market-apple-watch-entrance
http://www.mobihealthnews.com/28825/fitbit-jawbone-nike-had-97-percent-of-fitness-tracker-retail-sales-in-2013/
http://www.mobihealthnews.com/28825/fitbit-jawbone-nike-had-97-percent-of-fitness-tracker-retail-sales-in-2013/
http://www.mobihealthnews.com/28825/fitbit-jawbone-nike-had-97-percent-of-fitness-tracker-retail-sales-in-2013/

