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A Comparative Study on Measurement of Physical Activity between
Smartphone App and Self-Reported Questionnaire

Suh, Minhee" - Seo, Kyoungsan?

D Associate Professor, Department of Nursing, Inha University, Incheon, Korea
2 Assistant Professor, College of Nursing, Chungnam National University, Daejeon, Korea

Purpose: The purpose of this study was to examine the level of agreement between smartphone apps and self-reported
physical activity questionnaires. Methods: Quantitative methods were used to assess the correlation and agreement
between the number of steps counted by a smartphone app and the amount of walking reported in a survey. A total of
29 adults who used smartphones were recruited from a university, and their step counts from their smartphone
pedometers and responses to the international physical activity questionnaire (IPAQ) were collected over a 10-week
period. Results: An analysis of 170 data pairs with Spearman's rho correlation and a Bland-Altman plot revealed a positive
correlation between step counts from the smartphone app and walking activity from the IPAQ. The Bland-Altman plot
also demonstrated the agreement to be improved among female participants. Conclusion: In assessing walking activity,
smartphone pedometer apps showed good correlation with the IPAQ and improved agreement with the IPAQ among
women. Therefore, it is suggested that the participants’ gender and activity intensity, as well as the accuracy of
measurement tools, should be considered in an evaluation of the delivery of physical activity promotion programs through
smartphone apps.

Key Words: Exercise; Smartphone; Survey and questionnaire; Validation study
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sl &34 B $la) AN BEFE 245 Hek A
ABEY 24 PHOE 34 Fod 2 AR 270 ¢
oh 2304 24 g oE AR MRA o R AHgHT 9T,

AEL o83 272 M go] 43 1|go] 47 Eche ol
Qlt}(Sallis & Saelens, 2000). A A| &5 £ 25 L H5} o] &
St A AA| S5 F A2 X| (International Physical Activity
Questionnaire; IPAQ)7} @A) 714 who] ARE-E| 17 Q1 77 (IPAQ
Research Committee, 2005) 7= (accelerometry) 2} &
2 A =& B FH(Murphy et al., 2017). 2L} AAEF
Z4l lo] FHARQ AEATS A&t 5 A
3 o wet A S AEAo] @b 4= /1ol (Lee,
Kamarudin, & Wan Muda, 2019), 350 2 AA| &5 =4
9] 72 ARE3H=t] 987} Hrh(Lee, Macfarlane, Lam, &
Stewart, 2011). 53] 27] 459 4 QUS| $HYL =
513 9lo] AR 23] B ik B4 2RI 48 3
o IPAQL & 7|3t 79 250] H3kE SIskA] Zohe A
3P HAt=0] B 1% o](Direito, Carraca, Rawstorn, Whittaker,
& Maddison, 2017; Seo, Jung, & Suh, 2021) F#34 4
Hebste oz AR2] 49 ¥o] AAH
/A AASF S YHo 2 7& A (accelerameter)
9} gt A (pedometer) 52| 7| 7E o]-&3t S| glor
(Troiano, 2009), 7H&=Al= A Aol A Bol A-&-5 o] &
A ST 2A AR 27 R ST, AL S
4 71715 w2 2§38l of sz EH7o] Yl (Wijndaele et al.,
2014), thh9] Aol Al 7R5=A] 2] v-g-ofl thgt FEzto] Qi
F| o= LutEEoL 2 l(mobile app)< ©|87 54
o] W2 Lo A A= QI (Makarewicz et al., 2021). &
8] AHIEE 1S B9l A 22ads 11]“‘—3} BE SHEE
S AAETF SE =72 B8h=A
Aoltt. i dA7E £A)5ka T = ’\”PE £
5SS =9 71718 F7t= &85t
= QAL ] Fofjof] w2 Hl-g-o] 4] 2
T}(Seo & Han, 2020). A0fEE qj2 A5
=72 $AT 8391 4R B0 S0l S0
gt A5S AA =S E s o vk(Han, 2015) A%
g 7HsdEs Bt o % 0}57] FETh Sl 3o
7Hed L AT B Y B S0l o] RojAFE H A
3t A A2 FA 0] 71583l (Herrmann, Barreira, Kang,
& Ainsworth, 2013) A Z2 I o= 7|7 vHES| A
A7t genz 3o o AP obd A 717t
A|&2]o]aL HHEZAQl S5 B3l AnEE 4 ST E
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A9] A A8 7154 (feasibility) S EHelsh B @ 7} Q.

AAEE S S 9 A8l tig 844 Bd e
H7t A7 AHF o]F o] R 1 QLo (Ahmad et al., 2018) A
A5l ofe Fud 247 AR S S vaste ATl
BA ghom, 1 Ak dpnhc Qe ol gk gl
(Dyrstad, Hansen, Holme, & Anderssen, 2014; Murphy et
al., 2017; Schmidt et al., 2020), £E3| AntEE NS AE-S5t -2
o 24T 7 AR B S v Ee A7 Hopu
7 Y5t ko 2% chop Aol ATt E 92 BT
AAEE SA Z2 WL BS GHtskE 2 o] 22 (Bort-Roig,
Gilson, Puig-Ribera, Contreras, & Trost, 2014; Stuckey,
Carter, & Knight, 2017) A0lEZ C{EQ- B3 AR S =A 7}
A7hE A AES B 5% b vl BAR B et ok o
o, $e 1A= AAE T TS = EJ-?'?PE%—]OIXI Rlasy
AZES: Zo Bashe Aol glol A 247 2w 5
9] AR o Aol FaFe Ehe Hazk AT Dyrstad
etal, 2014). o]o]] AntEE W HZAE T3 AAEF SH
o] YA =5 o] w24 & Za = Y3

& A= st oA AutEE 3k AR 314 dE A2}
F 7R AARE S S SOl A8sta = S5
7o) g A =8 H ekl YT dA| =rt
hE 2po7t A=A E sk Ae HH L2 S o] &
& AR F X T2 o] HIlA Q) 24 A vt o] 7|
A RE AR BT

o}m 2 E 7

i
X
‘ﬁﬁ

%o d *}OM ’\DPEE el 7]i
729 Z=E AAI S| A A
:F_
2. A7y

E Ao AR AntEZ S AFLELT QL gt e s
AABEZ Ay oF sh= Arg ol 2719l AAE 2471 8l



T AEA 0 7 Ao ofgt A=, A S-S T2 Aol
AELo 2 Sh= A= Al 9 5 ek th A be 471 tieha o] &)
o] %] ¢} 8k F-4] SNS (Social Network Service) & F3f 3]
Ejgich. 20184 88 23] 713t o) AFeIE A kAl
%, AUPEE 98 FoH Y] 24 % ARayel Sl AE
Rk Mgkt 2% 207 ] oA e oh A
A A23 AEE ) 254 170489 A= S P55t 74
of o]-&-3t%th. G*Power 3.1 Z2 170 2 SQIG 424
=98 2ad 22 = ¢S A, Y= 05, FAH 95,
S aR=7] 03 Ao A 134 = AR, 7S $5F
sk

1) APHE A NS BEA

2 AT AALEFE A} 11 AolR BRI
5% A& X|(International physical Activity Questionnaire:
IPAQ) &5% & o|-8-5}o] 578 5FATHIPAQ Research Com-
mittee, 2005). 0] =M BES & Lof| A EfF ot AR w7} B
3 v} JITH(IPAQ Research Commiittee, 2005; Lee et al., 2011).
o] EE A 72 F2be] AR5 o) ZEE Fisto] 2
7] (walking), 5= & (moderate intensity activity), 117
= g5 (vigorous intensity activity) 22 FLE3}o] 1 &5
Y82 1397 N = (day/ week) 2} 13] 438 A]7H(min/ day)
S AEE 3lo] 712 A4 (A7) 3.3, 2T 40, THE 8.0)S
Foto] Azt 7] WEe(walking), F4% ARBEY
(Moderate Intensity Physical Activity, MIPA), 7} = AlA|&
F % (High Intensity Physical Activity, HIPA)Z oL R] TH¢]
(MET-minutes) 2 4h&3te} 7= AA|1 @532 o] F- A4
53K Total Physical Activity, TPA)o] HTHIPAQ Research
Committee, 2005).

2) 2nlEE A7) ¢ (Mobile Pedometer & Application)
£ Q7oA ANtEE 7] 9S BF A S-S (step count) =

2ok E A 7] 752 ol goho] ZE M, 1] 57

8 4847} A5 o2 AE o] AHEES 5}7] 919 A
A0LEE Q(WalkOn, Swallby, Seoul, Korea)S thAFR}e] A
nFEE W HAJ8taL /X F4] 7)5-S &/3tete] AgStES
St APPEEY RS o] R A3 SHS AnEE Y A
A€ grEA 9 7|2 75l AntEEZ ] TRkt AlA ek CPU,
GPS 59 7|5 tldf 71& ThA Bt 4 JUsHA 25 =
e ST 4 T, AFERS AT AL £ o)
AAZEOR $AYE BRoto] AE4E AEES Ho 9
T}, AbE E 2 5a}9] ke 2 o] = E3} AMe] 105 A4 AnkE
oz QEstgon], o AntEES AFt] BEES
ShoATh. S B Bol chabriel AARE Foiajel A AL
58 SRIT 4 oA Stk AHE ASIEE A7) Y A%
o] SOl 4 A e o2, e AAEE S 22
Aol FA| HAFoZ = ARL-H v} QIth(Lee & Park, 2018; Seo
& Han, 2020). & 7oA 225 54 S8l g A ¢
& ATAZL AT OB, S Bl U AR v 8-S

Al &3kl ARG-BF AT

it

| (o

4. XI5

2273 o] A2k Aol 042 AR Aol A 2
BHE B4 2T B S 28 S 913 AT
AP7H A B Q18] ARHEE o] M3k AT 717
X474 0.2 AHgstelob e AR AT 247 1RE Bt A
Ags AR G ARLEE A7) 92 B3 Sy E gk Ty
A ATEE 90 2 A847 S HE A7 /B R
18] etelo s AAEF AL(PAQS =S 3Hel
ok F3HE AR 39 WEe] HE Y22 5 o|RoA1
=Bt Yol A] 2 A4t 19 TEIE bRl A mof
AT, AR ATEE Q Wl %S FualA SHE
S Q=S Stk S AR ol AHTY hY s AnpaE
A &S A AR el Fels AXE 71 E 02 o]
A 7U7r] A4S o G YA FHH AR By
7h et AL, 782 A 94 20] H17) Fatel shke] 24
5 o] 2014l A9 Alelste] & 170%¢] 427 HAle] E

£ G Cofeha 917-8:21419)91 91 8] (nstitutional Re-
view Board, IRB) 4] 2](No. 1041107-202006-HR-039-01)&
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Aol

r

We 5 ARSLh 1 2R 44 A Aol A AT
A3 tpabake] QIR B ok 47 E A2 Fol thaf A
SH3, A7 3 AAER ATHOIE FHT 5 32
stk thAAHE oA A7 olel 1077 AntEE 27
2 B A LS 20l e B A RO 2 Wk Sy HE
A Bole] o] ok Y L B3l A8slo] 24
shgich 428 AR P REAM ] ufe} el sjn, AnpaE
271 4 SRl A S E Ag 5 AR E ARAeA HfE
TR AFE 4 Shmo] Au BE PHE At AT B
2 A7HA 93717 Btk A At s ARl A A
205 F A BB ARE SA] AR5

=
=

e
=

1

6. AI2EN

2 AT 20 A=E SPSS/WIN B4 L2713
(ver. 25, IBM Corp, Armonk, NY, USA)E- o|-8-35}¢] £4]3}

itk thAre] A B4, AntEE 9 ) 2240 A

£ SHAAE T U B2 7S AE B85t A,
Wi, Hat, FEUA 55 4SS, A wE A
S H| I ttestE 0]-§3I AT AUIEE A7) o2 54
4o 70 98w 25T AFEshe] £4f o183k
o AUEE ) dEot AAZEE S AEA(IPAQ) W

7] &5 walking) 22| /A #42 913)| Spearman
9] rho correlationg o]-83t 4Tt F 574 Wi 9] YA = 24
2 Bland-Altman plotZ& -85} ¢t} Bland-Altman plot
FUTU4E B oR 243 AR AA =S Hriel

sz g ARE-HA 9l e H(Bland & Altman,
1986), 24 =T W] H7lol 4 AT Baje] Horde
Bl s 4e 4~ Qlth(Giavarina, 2015). Bland-Altman
plot £ A] &= 712 W o] 24 w7k debA, 2 343
Z3ko 2 Wigksto] B4S A5t

&gt

1. CHAPRFE] Ut

B o] ofat AR} 299 o] AL Wit 22440191,

o401 19%(65.5%)01 k. A% Fehe BR AR A

71135 (44.8%) 0.2 714 B9k, A4 FAL 514 B A7

26 (89.7%)0] 91T, S2L 71 BH A 07} 181 (62.1%)0]
=7

oAr. AABE B ) A8 Aol Y A7 159 (517%)

AR
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e

oo, A8 Yz AFEE 7]F 0 219 (65.5%)
o] P=EolE AA 7]%-S, 107 (34.5%)°] 10S AA 715=
AHE-3EIL QL YT (Table 1).

Table 1. General Characteristics of the Participants (N=29)

L . n (%) or
Characteristics Categories M+SD Range
Age (year) 224429  (18~31)
Gender Male 10 (34.5)

Female 19 (65.5)
Type of residence ~ With parents 6 (20.7)
Alone 13 (44.8)
Dormitory 10 (34.5)
Smoking No 26 (89.7)
Yes 3(10.3)
Frequency of None 4 (13.8)
alcohol drinking ~ Rare 18 (62.1)
Frequently 4 (13.8)
Daily 3(10.3)
Experience of No 14 (48.3)
application Yes 15 (51.7)
related PA
Type of Android 19 (65.5)
smartphone 10S-i-phone 10 (34.5)
M=mean; PA=Physical activity; SD=standard deviation.
2. hAXIS) MO HE Ze4o NAREY 47

o] APEEE o ) o B B8 8127 A Lol
on, G2 9,125 4%, o4
(t=3.35, p=.001)7} 91QIH(Table 2). IPAQO.2 =43}
5T Hat 690 MET/minZ dA ol A= B+t 778 MET/
min, oJAJo A= HHF 641 MET/minZ H31E 93 Ad 7t
Aoliz §oJ81A] eFotTh. & AALEFE B 1199 MET/
mino| Lo, UAol A B 1,559 MET/min& oj4] €] 997
MET/mino]l v $A02 $2J5p Bateht=344, p=
001). o) o2 ZFed AASEsFS 4= AASEF
(t=2.49, p=015)T = AR TS (=368, p<.001)o] 4]
Soa 2polg Hglon] AoIA] o wtchTable 2).

flo

Z
=

3.

ajo

29 7Y

T =

nx
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=
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BT oot IPAQ HEA 9



7] SgH(walking) 213 o] o] UATHrho=
0.18, p=.018). T3t ANLEE Q) 24 ALt [PAQ AEX|
o 3= AAEEF (rho=0.21, p=.005) & F AA &5
(tho=0.30, p <.001)3} Z+z} o] AAAA S Yehf ot
e Alxﬂ%”zﬂh*— fojet h?{r?.ﬁll—é— Ho|x| gkgreh

ha}

(rho=0.20, p=.035)2 9] 3t AAAAE 2 ol A
€ S SHAAE HolA] gttt ool A AntEE ¢Y
AL IPAQY] & *1xﬂl€e1-%%k(rho=0.23 p=.017)7} -2

3 oFe] ATTAS BAC PANAE ST ABUA

A1 ch(Table 3).

4. ADEZ W £ 2342 FHH 429 MHES
Zatel Ux| =

ANEE Jo g 2AF Qi H-L249l IPAQ AEXE
245 A A 85 X =& Bland-Altman plot -2 0]
#3bol ABIGIT BA AThEE ) U] 274 A 8% BRI
IPAQL & &7 %t walking ¥ F AA|&-5F1}0] X =5

IPAQC & 273t walkingZ} % 414|185 gtel 2 7ke] %
[e)

olo] W Gparol HaA) gsteh. X, HAL g

S42 B T ZH7E 7 2ho] o] WiEo] AR At
_]

2T = - T =

Ho] R =7t e 7 0 2 el h(Figure 1-A, 1-B).

o E A =E

B3] £ A1, o| A (Figure 2-B)oflA] &

AU

SHojAEEQOR 25H Y

T de2PAQL R

274 A7) &5 (walking) 7+ éXlE7P T2 AR e

W

B AFE ATIEE P7) o2 23 A5 AR T
= A

ol
_<,>~
_QL
A
25,
x:
2
Uy
ﬂ
(e}
_‘7\':,
o
AN
o
_l
ﬁt‘
(s
o
123)
o
e
pats
5
4
N _[l)lv

4 48 P AQ% %sﬂ 243

Table 2. Descriptive Statistics of Physical Activity by Gender (N=170)
e Total Male (n=61) Female (n=109) .
M=+SD M=£SD M=£SD

Step count on smartphone app (steps/day) 8,126.85+2,996.31  9,124.93+2,716.73  7,568.29+3,011.78  3.35 .001

IPAQ  Total PA (MET/min) 1,198.67+1,001.35  1,558.66+1,085.13 997.21+984.84 344 .001
Walking activity (MET/min) 690.67+741.08 777.93+830.99 641.84+684.87 1.09 279
MIPA (MET/min) 233.27+356.68 337.18+470.39 175.12+258.15 249 .015
HIPA (MET/min) 276.14+452.32 456.661+531.11 175.12+367.07 3.68 <.001

HIPA=High intensity physical activity; IPAQ=International physical activity questionnaire; M=Mean; MET=Metabolic equivalent of task;
MIPA=Moderate intensity physical activity; PA=Physical activity; SD=standard deviation.

Table 3. Spearmans' rho Correlation between Step count on Smartphone Application and Subjective Questionnaire (N=170)

Step count on smartphone app

Variables Categories Total Male (n=61) Female (n=109)
r () r () r ()
IPAQ Walking activity 18 (.018) 08 (.528) 20 (.035)
HIPA .21 (.005) 21 (.098 12 (.223)
MIPA 12(.106) 07 (598 06 (.545)
Total PA .30 (<.001) .21 (112 23 (.017)

HIPA=High intensity physical activity; IPAQ=International physical activity questionnaire; MIPA=Moderate intensity physical activity;

PA=Physical activity.
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Figure 1. Agreement between step count on smartphone app and subjective questionnaire among all participants.
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Figure 2. Agreement between step count on smartphone app and walking activity of subjective questionnaire by gender.

"2

= o] S Wo] wh=r}1 B3 (Sallis & Saelens,
2000) =], & Aol A= tdAke] A ] HA7E 184914
31M| = Fol thdAte] Aol A7tE 1A AR5 49 A
g e FE AT 4= AT

2 AFoA AEE oz S4H 2
IPAQ9| Z7] &5 (walking)o] ofdof At

rr

Fol
24

24>(steps) <}
AT A
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Rt ol A Aol A G YA =7t FA HudE A
IHDyrstad et al., 2014) 2} ARSI} 2 AG-tiAFRFS] Aol
2 AASFF] BxE B, o] F AASEFY oF
64%5 walking g0 AR5k YL, A ol
walking 852 F AAZ-5F| oF 49% 5 Aok WA
IE AAE O] 29% 5 ARSIt 27 EEol Wi F,



ADLEE Hut XpJtE DAl &

= AAZE 0] A2 42 A9l IPAQ 22| walking
e En X’QOVH SEHE AW HEolde AR B
QIt}. E7 S-S Aol te A Eals AHBE] SR}
E 2 o] ff= 1 (Kilpatrick, Hebert, & Bartholomew, 2005), ¢
S Bfolle 7] Foll A= AR TTH 1A= Al
A S5 FE Wol 31A] Y=t 511 (Lee & Kang, 2016),
£ 79 24 717h0] 8t7] FolglH Ao] Arfe] L #91
&A02 24ac ] 2] 58 Tsm 27 2
She ZRIUN A ATEE JS ZHETE FES }—74

FHE A% = EH’%}E-E OP% 8¢ 71 5 71zt
H
[e]

EH*O"EE Bland-Altman plot2.

gkl AnfEEZ oz A5}
e S R N
o 2 RS THsH YA B4 5191E ol o
39| ¢ IPAQ2| walking &5 AtEE ) A5
Bland-Altman plot &FAFo] 23 o F-U3oE PARS Hojm
A&7} olA& A o2 YT Makarewicz 5(2021)2
AR BT o] W2 AFEEo] Al AAEFE HHeshA 2l
AJsh= o] Akl Hustlet), & Aol A= 4ol B
'ETH AAGFFol W @AE0] IPAQ M2 A of ZH4:1 9] A4

255 WA 9RE 7Hs Aol ok )t An} Z7)7)=2
Folu ZHLE, AR 25 Z2 AAEFS 3751 o

6 20l 08€ AN WA= B4 9 = A
o] WIHE WAOA IPAQi} APIEE 9] % 27 7he] o]
7harbstel QR E7H sl ekt 4+ gl TRl 14w
AAZE] B AN AABERE 24 o), 28
HEAE olgstel Z4atR AAYEFo) Tt 245 Ths
Ao] 3, ATHEE 4 o] §5to] 2451 B ke 24
TR 0] & AL Wl ofof THE AT | B
A AA S-S ST doll= 7HEEA 9 22 wearable
device 59 AA](Seo et al., 2021) L} AnpEZE N ) 2714 &
& 8-83h= Ao dH

= oq-—rL— IPAQ &7 ol th3t Bl g7} of 5] =73 0]
3 %E Zof|(Minetto et al., 2018) Al A &5 2] F347 =7
42 v wal7] 9} AUFEE kel ] R4S
ssich. ARATEOIA AT 243} 70 24 vlzal
7] $1o0 BhRbe] Bl e A (pedometer) & A2} 5111
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