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ABSTRACT

Objectives: This study aimed to develop and assess the content validity and internal
consistency of a questionnaire on the feasibility of mobile dietary self-monitoring applications.

Methods: We developed a feasibility questionnaire to assess the overall usage, convenience,
usefulness, and satisfaction of mobile dietary applications. The initial draft of the questionnaire
contained 17 items with yes/no, multiple-choice, and open-ended questions and 52 items on
5-point Likert scales. To validate the content, ten experts evaluated the relevance of the
items for each subscale using a 5-point scale. We calculated the item-level content validity
index (I-CVI) and scale-level content validity index (S-CVI). A total of 102 adults answered
the questionnaires which reflected the experts' reviews. We conducted an exploratory factor
analysis to determine the underlying structure of responses and categorized convenience,
usefulness, and satisfaction. We also calculated Cronbach's alpha coefficient to examine the
internal consistency of items in each subscale.

Results: The S-CVI score of the items was 0.86, and we removed items with an [-CVI
score of < 0.80. We combined, revised, or separated some remaining items and added one
item as per the experts' comments. As a result, we included 16 items about overall usage
and 42 sub-questions. Based on the responses of the 102 adults, we performed exploratory
factor analysis using the principal axis method. We retained items with a factor loading of
> 0.40, resulting in a final set of 35 questions (convenience: 15, usefulness: 12, satisfaction:
8 items). The Cronbach's alpha values of the three scales were 0.93, 0.91, and 0.91 for 1)
usefulness, 2) convenience, and 3) satisfaction, respectively.

Conclusions: We developed a feasibility questionnaire for mobile dietary self-monitoring
applications and examined its content validity and internal consistency. Our questionnaire has
the potential to measure the feasibility of mobile dietary self-monitoring applications.

KEY WORDS dietary self-monitoring application, questionnaire validation, mHealth,
mobile health
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Tkl 71717F de] AREEEA Bk @A (mHealth) & 98 9 3% B okella] 75310l 71038t 4= 3l A28
EHFOR F5 v Qv 2], A MAIA R A maked dAdo] Srtekal glow 20179 gl FAEA BHEE
(99.4%) 22 2] 464 Hgg (71.3%) Bt =3kt [3]. 2020 1| Hlo] S Bl 32} B Afel] = =) QIE Y
ol gAt = A& o7 Frlslar 9lom | 2020 715 1 34 o)A A 9] 91.5%7F BrFA e Y1 o] &-akar Qlrt[4].
o] st FAof wEt A7) Pl mekd ofEg|Alo) A o] thakstAl FAIEE 5 A7 el ol E Bkl 4] o1 ul g
Zdo] a1 Itk [5]. 201 7ol iy mnbe] 0] @) 53F (mHealth Economics 2017 —Current Status and
Future Trends in Mobile Health) el 2J3Fd 2017d = Zdl|o] AEO| 9} o} & i AEofe} 2 Q9 YAE o 55
2t A o Z)Ao1 42 325,000710191 2.1 [6, 71, Statisticat= 2016 2309 e F52] Eutd A A|go]
20254 1,900 e|7k4] 44788 2o Agaitt8].

20173 A AA AL 73.4%7} v1AGA A8k (non—communicable disease, NCD) 2.2 ¢1alo] 23T H9]. 1]
AR Ak ol W wejele ol 253 de7t Feske R A s A7) Q8 AP RUEE AR T
of w2 71421 JoF A7t 3 10]. 174 e Buk o Eg]Alo) A Tl A7) AdelE EYERsta A7 &
2 S Algshs &8st S ARE 5 T 1] AAIRE ofe] FAATe} FEE AF-ollA Entd A o ZEA|o]
A3 2L A7 U E R S 7RIS Ak A, & deish AdE AT Aol B ol BaE ek [11-13].

M 253 e offEg|Alol o] & E8-E]7] flsliAE Butd ol EFgAlo) e dist H7rt s ofof sttt =g
Aol A A5 A o Zg Aol e ARE-sh= o] 117 ElE EUE sk /i dsk=t 37 il A8 7Fs Aol 9
A FEskE AR F7Ee vl Qo [14—-18]. A8 73S 7k A9 e A7 AIAE AR H X (the
system usability scale, SUS), Fohd st AR/ dieA], Y 9 A7 o Zg Aoz 1upd A w- /-84 37}
L] M gl S 5 ARFAV|E ol T2 o] Foi Rt [19-22].

2157 B ofZgAo) AL thakst oA AF ol et ARt S =S Al Fshy] witell, AFH e 2wk sk o
FaE AR = Qlofof St} [23, 24]. whebA] 2553 ] offZe]Ale) o] 543E A Apd sk e e e
Azol sttt AN A5 #e ol EgAlol ] A8 7S B 918 A2 B E H7EE At A=

A

S

o

S

=
Hol 7e1e] A4k 2 xS A AskA Bk 2w

A 3 ahil 7] ol ¥ Eue Agd 5 gleAel vhele] BoKE 4 9l
ofok & Zlolth. mebd B AT A5 wel ol A g P o 5 Gl ARAE et

B AR 9 B EE HrkekaAt st

SEFI S (content validity) & 3718171 £181 9% (n = 4), 28t (n = 2), HFE] & (n = 2) 2 Zufd
(n = 2) ok A7t 10%8S B8t A7 h= o, of SUs njE=E Rt A5 w3 oflEFgAlold
g 717 7ol AR A2 WA YA % (internal consistency) & E<15ta4} 2018 19 245E] 20184 4
4 129 Apololl A& Al Sthshi ] 22kl AFUE] T 24 YEY T MulA (SNS) Y sh 4B F 1S F3lo] 4
AAE BHEIATE 1230] Aol #4S welow o] 5 1) 18 Al o], 2) ARLEE AREA}, 3) & o] 7fatket 4]
Fo T o Zg Aol Well-DE AR 3ol Q= Ak sHgsto] F2 o2 1029 0] Aol Foisiaict. A+t
78] AWHAQl 5402 Table 13} 2t} thdAte] HH AP 25.56 £ 6.124= AP o) w32+ 19 ~ 254171 6478
(62.75%), 26 ~ 30417} 307 (29.41%) 1Ak, th’dAFe] 64.75%71 9374010 tt. Well—-Di= AH-AFe] Yol A5 53

e DR S5 A U HolnFA AHE FASAL, DEZ AT AT mujel A gl fEAo ol
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Table 1. General characteristics of the study participants for exploratory factor analysis and intemnal consistency evaluation (n = 102)

Characteristics Number of participants (%)
Age (years)
19 ~25 64 (62.75)
26 ~ 30 30(29.41)
31 years or more 8 ( 7.84)
Sex
Male 38 (37.25)
Female 64 (62.75)
BMI (kg/m?)
<185 10( 9.80)
185~ <23 56 (54.90)
23~ <25 17 (16.67)
25~ <30 12(11.76)
30 or more 7( 6.86)

th24]. 2 A= Hetistn AE-52 993 (IRB No. 1710/ 003—-007) 2] 5918 o} =831 11 B Fojx= <
T Fo Aefl A FAE Akt
2. MEAN QY
A5 B oflFgAlolde A8 73 Bk Slsh A EEke Ak flete] Sl A«lxIR] PubMedst
eb of ScienceolA Gt & AMS Faste], ICT W AXESJo]E 23t A7 A0 A
A5 ARSI Bogk A7 n| A A3 A1 Fhdo] glol e Bkl AR 2R E E7FE A HESH
A A A}g-sk Mol = Table 29} 2}, 3 =i St AT Y AN A RISSE ARE-Sto] A8l a Ao+
ofZ A1 (7)), A =5), ARAEE (=8F1), UI(Z5, user interface) & 217} and, or, and= 3433t
A Fe Q1gs FA Y QIEH HHS ks 71AAE Fate] FUKsIITH15-17, 19, 20, 25—-74]. 1 5]

nﬁ rlr 2

Table 2. Search terms utilized in the search strategy

Database Order Search tferms
PubMed

1 ((smarphoneftitie/abstract] OR smart phoneftitie/abstract] OR cell phonesl[titie/abstract] OR touchscreen(titie/
abstract] OR mobile phonetitle/abstract] OR mobile deviceltitie/abstract] OR tablet OR PDA[title/abstract] OR
Personal Digital Assistantffitie/abstract]))

2  ((application(title/abstract] OR applfitle/abstract] OR operating system[title/abstract] OR OSltifle/abstract] OR
android(title/abstract] OR ios[title/abstract] OR web based[title/abstract] OR onlineffitle/abstract] OR intemet[title/
abstract]))

3 #1 AND #2

((health*[fitle/abstract] OR nutrition*[fifle/abstract] OR nutrient*[title/abstract] OR diet*[title/abstract] OR
dietary*[tile/abstract] OR food*[title/abstract] OR healthy eating[fitle/abstract] OR food record[title/abstract] OR
24-hour recallftitle/abstract] OR weight loss[title/abstract] OR nutrition assessment{titie/atostract]))

5 ((usabilityftitle/abstract] OR feasibility[title/abstract] OR acceptability[title/abstract] OR convenienceltitie/abstract]
OR satisfaction(fitie/abstract] OR usefulnessliitle/abstract] OR validity[title/abstract]))

#3 AND #4 AND #5
7 ((questionnairelfitle/abstract] OR survey(title/abstract]))
#7 AND #8
Web of Science
= (mobile phone) OR Tl = (smartphone)
= (dietary assessment) OR Tl = (self-monitoring)
TS = (application) OR TS = (app) OR TS = (Mhealth)

#3 AND #2 AND #1
Refined by: DOCUMENT TYPES: ( ARTICLE )

A W O =
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A BHkd 25w oS Aol o] ARkA Q] ARl vt 23} 7184 (convenience), -8 (usefulness), RH5;
T W AR 9% (satisfaction and intention to use) 2] H7F2Q1S ¥ oteh= AEAE WEUTE AEA] 29-2
2 (e /o), Aua 9 /Pt & e 2 7Rl RERA, 784, W Y AR )R g7 E SRR 3
7Feh= 6 ~ 24709 EF o= TSI Aok o7 ofEZe| Aol AR Adntel] wet & 17712] Edw Al sF7Eelel
e 52719] o] A Zelel] 23T}

3. Y LERZE T}

kgl H o7} ZAekast g ks 2 digakar gl 181 B Qs eER Al FAE 0 JEAS el
213kl W gl =2 Brlsloict. gerd s % Jg 7k8l7] flsted 10W 9] A7t s d 5ol A5k whe] ofEe]Ale)de] A
W) Abgo] tak 177]9] Baku) 7haAd 684 L} T AR 4‘301] & f& 52 714 8] ¥ S 51 EIAE A
= Abgstol FrEsItk(1 = A8 Bdo) 91, 2 = = vl S,

A 718 o) glel] AE7} A So] 7} o) % —%7} Al )71 @E-sm MEAE 54 W HesRs b wdaigict

ll rlr

4 MEZN
102:89] 91 A7} Well-D el Z 20148 Ao}z 39 o4k AHoHES: Shiaigleh. AR} 32 olak o
Zelrlo| 2 A8 218 Q17RI0] SRl o] Fo] Lufel M-S Ak, Lokl HES gszat Holak ¥ 10170

glom, 7 Folart AE-E ehrahot] e A FFR 11RIIGHIAR, 7 ~ 222). 10299) Folz} 5 192 4
A A70] BESle] ol 2 © MEAe] Fejsich, ME A3k V) i 2} £eIN F-350)] 9 A5, FolxelA o
A AEA 02 Qltslo] E MRS ARSI BERAL SHE B 2RNE B9 N THRR 154 2

AR e | =2 O
A 7h] ol g-3hsict.

5. SHANE

LB E A5 AdbAQl H 5 25 (scale—level content validity index, S—CVD) ¥} 2} %38 5 (item—level
content validity index, I-CVD < AF=3815ich, W SEld = T3 WEEIG T A2 Frlsion, 7 -z 4
A B 5o R SES ATt vE-S Alteloitt. B AR £ [-CVI ATE Frslste] &

)

E)\L_ LH%]E]— O——l——
A% ek AESSITh A 87ESY B N e Slste] eI A7t e GRS AslH T BAE QolRa S

T3l
A QRS AESlo] AdEA] Al 7R lel s EEke] -
EEA 559} Bartlett?] 734 A4S ARt B4 Flth. 75 2214 (principal axis method)&
g3l Q915 &35 2 5 (direct oblimin) 3] ¥, 113k (eigenvalue)©] 1R T & 299 Y2} &
= A5 flsto] &2 QRIAl ] 7 Ak = i%ﬂ}i UIATE AESte] WA X =E H7
St BE B Ag= SAAZEY Y SAS 9.4 (SAS Institute, Cary, NC, USA)E o] g&3}o] FA319 ).

10

Ql

a1l

Q
=
EEey

o

F=319t}. Kaiser—Meyer—Olkin (KMO)

il

i

-{ol' mlm

ofi

2 4

1. 8875 Bt N
7F dido] iAol FEI L, oAl AR A&, el EE]Alo1 A AR B E, 2XRFE st AA]E o
5ol Zg A1) A 5 ol Z e Alo) A AR Huke]l #st 177 &3} Al HrEaglef thdk 527) Hdo 7 pAE A
A AEA 2] S—=CVI AS= 0.860]20T}. 0] 2 I-CVI A7} 0.80 1wkl 1170 3+-e AbA|ekgitt. 3k Ak sl $-9]
S—CVE= 0.9148019]th &3-S 2HAet &, 18719 23 ?Jxlﬂur ] e eIl AR 8 shbe sk
o ZgAlo1 L] B7ERRl 5271 & T, A= AR 2709] 3 T S A U o FRsle], F 4 S 2
N EFoR ZTt.  (hZE A1) & B3l wEH Oﬂomﬁé W= 212 2705 A53s 2 bl =80] Hlrh s} < (f
ZTAO)1A) &) AAHERA 7 eS 77 AT 7 dl o] HAth T w8 (&A1) & Bl 9

—
o
o,
1o
)
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RS W 2 A A5EE 28 v Ego] HThE BTG, 0|9} BAIe] (o EeAlH) S vk AL A A
Sk 3] olEel Aol fell 7HIR! Z1ojel -gaieh sl < CRZe Aol ) & Uk AL A tolof £ olEelAle] Aol 7hiE 7]
Hell $-EFh e T BGS < @IZeA1) S Uzt AR A A 7] i holo]E olEelAlo] el - F]ee] -
Tk Fasklch. AR7E 0] Alo] 2x} 7|Se] that wrk FAZL ARo] Be stk Absle], 5A4IckEe) A
£H) QT A AR 71F ek 71k B, WA 7155 gk 4ol QSIS A (o /ol 2)F

1 TS ANHE 7| e I ek, SR 1% e B8 0] SRSl 10719] AL Sl A A
A AL 712k 717 ek, oA V1S eA s 419 nlmE AA ke R s B ARet
o}, o] me} Fojxrk AAZ WA 7S ahA e S99 nlgo] R0 TaEr. S RS olx 7
BS RS 97] Slste] ohEel Aol Abg W, HEAOIA A AIZE R A} 71S A R Qs ARKS B A

% o o

Table 3. Calculation of I-CVI for questions and items in the initial draft of the questionnaire

ltems I-CVI
* How often have you used this application in the past week? 0.8
* How much time do you spend each time you use the application? 0.9
* How long does it usually take for you to input information on a single meal info the application? 0.9
* Have you used any nutrition application before? (ex. NOOM, S-Health) 0.9

» What are the names of the nutrition applications you have used in the past?”) -
* Do you agree that the application you used for this research is more convenient than the other nutrition applications you have

used in the past? 08
. Woulpl ygu rather recommenld the application you used for this research to your family and friends than the other nutrition 08

applications you have used in the past?
» Was there any change in your food intake while you participated in this study on nutrition applications? 1.0
* Was there any food you have not recorded while keeping a record of your intake?? 0.8
» What is the percentage of the food you ate but did not record while keeping a record of your intake?? 0.8
* Why did you not keep a record of the food you have eaten? (Multiple answers are possible) 0.9
* What was the feature you liked best about the application and why do you think so? 1.0
* What was the feature you liked least about the application and why do you think so? 1.0
* What feature do you think should be changed for the application to be easier to use? 0.8
* What feature do you think should be changed for you to be able to want to input your food intake? 0.8
* Please let us know if you experienced any other inconvenience or have any other suggestions for the application. 1.0

1) This item was added after the experts’ review
2) These items were separated from each other
I-CVI: item-level content validity index

Scree Plot

Eigenvalue

Factor

Fig. 1. Scree plot from the exploratory factor analysis of 39 questionnaire items
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Table 4. Calculation of I-CVI, factor loading, and Cronbach's alphas for items in the finalized questionnaire
Foctor ffems -CVI Meonscore Factor1 Factor2 Factor 3 Cro;g:gh‘s
Factor 1 * The information provided in the application was frustworthy. 10 374 +091 0.58 0.14  -0.05 0.93
(Usefuiness) | couid get new information thiough this application. 10 345+103 081 -006 -006
« This application meets the expectations | had for the nutrition 09 321+095 059 0.20 0.17
application(s) | have used in the paost.
* | could leam about my own eating habits by using this application. 1.0 3.85+092 0.74 0.03 -0.005
« This application enabled me to think about how | should change 10 351+111 084 -003 -004
my eating habits.
* Keeping a record of my food infake through this applicationhelped 1.0 3.39+1.04 083  -001 0.005
me develop healthy eating habifs.
* Getting nutritional information through this application helpedme 0.9 348 +1.00 0.87 007 004
develop heatthy eating habits.
* The overall features of this application helped me develop healthy 0.9 3.41 =101  0.85 007 -001
eating habits.
« This application is generally practical. 1.0 347099 049 0.20 0.27
« This application has increased my interestin heatth monagementin® 0.9 3.61 =098  0.73  -0.04 0.22
general.
* | will ecommend this application to my friends or family. 10 317106 043 0.26 0.35
* | would like to participate in research on nufrition applicationsogain - 1.0 420+083 053  -0.17 0.12
in the future.
Factor 2 * [t was easy fo learn how to use the application. 10 383+092 0.13 0.82 -0.24 091
(Convenience) « \iost people will find the appiication easy to use. 09 365+110 006 093 -029
* The application was developed faking into consideration both 08 304+109 006 080 -0.11
experienced and inexperienced smartphone users.
* It was easy to complete my profile in this application. 10 395+085 022 052 023
* It was easy to input the food or dish in this application. 10 288=117 -0.10 0.67 0.23
« | could input all the food | wanted to add to this application. 09 231+099 001 056  0.055
* [t was easy o fake photos of the food or dish | afe through this 09 275+098 -0.09 0.58 0.06
application.
* [t was easy fo keep a record of my intake using this application. 09 284+114 006 0.48 0.32
« [t was easy to edit my intake when | incorectly recorded the foodor 1.0 3.03+1.21  0.06 0.45 0.18
dish | ate.
* The feedback provided by the application was easy to understand. 1.0 359 =092  0.38 0.52 -0.25
« It was easy to move from screen to screen in this application. 10 235=1.17 001 0.50 0.14
« There were some unnecessarily difficutt features in this application.” 0.8 3.40+1.07  0.11 0.51 0.03
* | could keep a record of food or dishes with minimal touches 09 273+x1.14 001 0.69 0.11
through this application.
« This application runs at sufficient speed. 1.0 306123 -0.10 0.51 0.18
* Overal, | am satisfied with the time it takes to input food or dishes 10 291119 -002 0.77 0.17
through this application.
Factor 3 * | had fo stop my daily fasks to use this application.” 08 320+123 -003 0.36 041 0.95
(Satisfaction) « This appiication disturbs my dally lite. 10 381+102 004 026 048
 Overdll it was enjoyable to use this application. 08 344+094 045 0.03 0.54
* | like using this application. 08 317109 040 0.23 0.51
* | was mostly satisfied with my experience of using this application. 08 319+110 032 0.27 0.51
* It was boring to keep inputting food or dishes in this application.” 08 29 +120 014 0.22 0.45
« If possible, | would like to continue fo use this application. 09 319+1.04 033 0.06 0.62
* | would use this application if | could use it when | start my diet. 08 341109 027 0.06 0.62
1) Negatively worded items were reverse coded.
I-CVI: item-level content validity index
hitps://kjcn.or.kr/ 151
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TS AR 0 F RASIGlTE Ui (ClEE A1) & AREEFA @9k 2 714 BAE AA gtk E U O
EE A1) S AR eisl 22 7EH EAE ATk E FEshE T, oA Beet 23S AREE 9719
A T AR 2 et 2@-S SISl A ofERAl0A AR BES B el Aud we oflEg Aol
A9 A= FTLBIATE ARESE o 2] A0 9] o] S Bojr = Y B-S A= o ZEAlol A AR TS B
el F7FeRATE 1 AR, Asd dE] ol EE Aol HREARI ARE- 1671 3T Al 7 Q21 4270 s 24F A
2o EEAIF L), o 2] Alo) A HREA Q] ARg-of Bt 167) #32] I-CVI J4== Table 3of LJERTE

Articles identified from the database
- PubMed (n = 225)
- Web of Science (n = 16)
- RISS (n=36) *

i :I Duplicates were removed (n = 1) ‘

Articles screened for title/abstract (n =276)

i ={ Irrelevant studies were excluded (n = 141) l

Full-text articles screened for eligibility (n = 135)

Articles excluded because (n = 93):
Studies were irrelevant (n = 73)
Studies used the same type of questionnaires (n = 7)

A 4

&

v Questions used in the study were not presented
Articles included while developing the questionnaire (n=10)
- 55 Studies were included to develop an initial list of Questions were designed for the professionals (n = 3)

questionnaire

v

Articles retrieved from reference searches

Initial questionnaire (69 items)
- Items about overall usage of mobile dietary applications: 17
- Items about convenience, usefulness, satisfaction,
and intention to use mobile dietary applications: 52

(n=12)

Articles retrieved from clinicaltrial.gov (n = 1)

Y

v Content validity test
Removed the items with [-CVI < 0.8
Content validated questionnaire (58 items) Items were combined, revised, or separated

- Items about overall usage of mobile dietary applications: 16
- Items about convenience, usefulness, satisfaction,
and intention to use of mobile dietary applications: 42

Removed the individual items with Kaiser-
A4 Meyer-Olkin (KMO) measure of sampling
adequacy < 0.6

Y

Content validated and adequately sampled
questionnaire (55 items)
- Items about overall usage of mobile dietary applications: 16
- Items about convenience, usefulness, satisfaction,
and intention to use of mobile dietary applications: 39

Exploratory factor analysis
Removed the items with factor loading < 0.4

A 4

v

Content validated and reliability determined questionnaire (51 items)
- Items about overall usage of mobile dietary applications: 16
- Items about convenience: 15
- Items about usefulness: 12
- Items about satisfaction: 8

Fig. 2. Flowchart depicting questionnaire development and validation festing.
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2. MEA YN AT (MEE)
AT IAES WS EFE 52 vzl AEA 9] B Eael mgglo] Haiich. o] T H7Eegl 427) 230z g
A AAls AL glom | Bartlett 7878 A7 ollA a2 464 S] 7S 538tk (2 < 0.001). ZA4) KMO 3
A A= 0.85F A8 o), the i 358 KMO 32 #3H: 2427} 0.60 o8l Ao & vehdt); 1) vhi=
(hZBIA)A) & AREBHEA] o578} 22 712 EAIE AU 2) U A& ClEedAlold el 25 B 248 ¢
ek Al ol Al HofA &= Zlo] #Aeifit), 3) vhs TF (NEFg A1) & ARESH= 1S Sldt. whebA] o] 370 w3
A9 E 397] o7 BAA QolRAS FIQItE A WA Q919 1fgke] 14.88, F WA Q919] ;fgko] 3.39, A M)
£919] -fzko] 1.85% 217} AA) WEo] 53.52%, 12.21%, 6.64%= AH3Ich. Al 1A Q91 o] F1E] 1153k W3l
o] PR3] Zo]Eo] 3291 T2V} AAsitta s Fig. 1). 7L A F 291 AA= (factor loading)©] 0.40K.C}
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