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ABSTRACT

The purpose of this research is to design and validate a gamification program to improve sustainable
behavior based on the community-based social marketing (CBSM) approach and to investigate its
effectiveness on electricity consumption. First, the gamification program was designed to modify the
electricity consumption behavior of household subscribers based on CBSM. According to the stage
model of behavior change, behavior modification strategies were divided into four stages. Validation
was done based on the opinions of ten experts. The second stage was a single-case study with an
interrupted time series design. The statistical population consisted of household electricity subscribers
in Tehran, and the sample included three families, selected in an available manner. Electricity
consumption data were collected monthly. The baseline was from June 2016 to March 2021, the
intervention from April 2021 to December 2021, and the follow-up from January 2022 to June 2023.
The per capita electricity consumption of household electricity customers in Tehran during the same
time periods was used as a control in the analysis. The effect size was calculated using the "mean
baseline reduction" method. The overall analysis of time series data and the significance of changes
were done using the interrupted time series analysis method and the autoregressive integrated moving
average (ARIMA) model in SPSS 26 software. CVR and CVI indices were above 0.9, indicating the
validity of the program. The calculation of the effect size showed a decrease in the consumption of
families one and two after the start of the intervention, with most of the decrease occurring in the
follow-up phase. The continuation of lower consumption in the follow-up period indicated the relative
persistence of new habits. Family three and household electricity subscribers in Tehran showed a slight
increase in consumption. In the visual analysis, only in the time series of family 1 was a decreasing
trend observed after the implementation of the intervention. All time series exhibited a pattern of
seasonal changes. These seasonal changes were controlled with the ARIMA model and the data of
Tehran electricity subscribers. Based on the interrupted time series analysis, only the decrease in
consumption of family 1, which was a high-consumption household, was significant (P<0.05). This
family reduced consumption by about 50%. It can be said that the program is valid. Further study of its
effectiveness is recommended, considering the limitations of this research, especially in high-
consumption households that are in the pre-operation stage.
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3. Autoregressive integrated moving average
(ARIMA)

air bl Wedel e By A Spas 4 el
dinty By ) 5 Sind 5 (45550 e(53LoolST (el
@ s bty (Bl o)l lacyld )l Gy
S8 waonily o (Sl g5 Bpas pSedds ials
A baze ) (o)l Olpuss p ikt e S o

shal dope 1> by b)) Jol5 plox 5l am (ej ol
S g S Gl ds o ya Ll ds ye Hles (o) Ai s
lacs)S b 5 & LS5 gyb 5l aboye yn Clanl 3l
Hgd e Juid 53l sl gile g Wigd oo L) HUSH3L 4
Sy duome (gl8ly & Sk &S 98 e S Jgl alsye
5 sl )y yme (gladely ) Cund 5 i Sl
) 503k pg> alsye ) 95 ol5T by sl (392 e
sbo,l8 Cbal g,k 5l gk, Bus K plesa 1) L
ST e )8 Glsasl [ So5b 8 e 5 patane g (syl3 Lo
b als (bl 56 5l ol guls @i 4y gl Ll g,
QUL 5l asliyy ity 25 (o W) (pols ancagll L
iy w55 b 1) L) (Sl )90 ) Cunlss o
@lse |y ooty o, sl b xS Ll
P Jbcope )y wmih wbe Jleswe oisuyl o culiS
Jlaslay QUi &8 29 0ad pasuie L)l B b
as o 50 0,8 waled w8l a8 plas sbosl gy (g
Silwosly ML o g B 385 sl (sjyaaly po
Bl )8 slg jope b Sl Db Sl by
Sy 5 S dr )3 S 5lej ax 3 &S WS (e atuie
L SO By 4G50 ok sales ploal 1) @)lsT culed
2 Coglie pilez alsye )3 S o Cud |y )90 ol (el
Joo eyl )bl ey Copte g dge pln
)bl slaal 5 (0 Slas slad)si il slaiz] s
Sy sleinl dwlis o elainl Jlxin (onped 9,8
igud 0

Sl Gl Sl odlgls Gy Bpas Gl slaosls
oleor WA GpldS G @ig S «oe G
B A0 o 5l aly bs i plodl slye pl (b o Wodl
9 Voo 31 VFer dye)d 5l dldlie als e YA bl
ddos gl Y Db s UV o 5l 60K db e
SlyS Gpar JoS oMo (imgly pgd Alsye slaodls
dslxe jolatedy AS ooliiul wa (oS lagly) I sl



bl Dbk 3 ,Sag)y olely (50 Al By b 18y Mol askyy bjliel 5 (Shb ] Ko 9 (52w

odgls sl HIE Jas g dlaye 3 plo g Jos dbsye
293> Slyte b gloslel plasybl (Sl g 0 piiaus op dw 0)lad
ez o WA o o Ll ailale el Lauwgio dgs y1e A
S g JS)i g2 odlgls slacl gy plogs (igelee 25 U
wba)l8 ple g (6358 Hy CMuass v dlwdw 5D
2 ) s dlsye g Aie)lS Hu 5 halE ole gy Al

D9 Jos iy plo g

VoF

ey Jos Gl e 3 48 5l By yuss A pe 0y
5 0l 92 o)led odlgils cutly JIE Jos alsye )3 i
wlale 2ol)> Lawgio D yio Ao dgd> 5y b led )bl Sl
Dy ologs aabo Hlex U gd o VWA Jlo jd edlgls oyl
o S dlojleg p3s S JUS)p 50 odlgls glacl
s iy lS o0l polo 5y s Lidgy Al
2% byl el g L)l 5y g sbals ple g,

CVR 5 CVI o asdlis fpuss gy olaaste jlai oo mls ) Joas
Table 1. Results of Expert’s Opinion Grading to Determine CVI and CVR Indices

LCVI &y 35 oS Slaascis dlaxi
29,5 O (g 59 o .13
. - CVR N )i - ;f )'9,“’1 s o 3B
e Sl 99 b, umber of professionals  g¢,0e Phase
Int tati Simplici Clari Relationshi who selected the
nterpretation implicity arity elationship “required” option
‘f‘”h" 1.00 0.9 1.00 1.00 10 1 )
Suitable Assessment
"T‘“l“’ 0.9 0.9 0.9 1.00 10 2
Suitable
wtﬁ
’ 0.9 0.9 1.00 1.00 10 3 .
Suitable PILSRVY
e 0.9 0.9 1.00 1.00 10 4  Intervention
Suitable
“-T“L“ 0.8 0.9 0.9 0.8 9 5
Suitable
"T‘”h" 0.9 0.9 0.96 0.96 &
Suitable Total

ClaskS 4y Jaao ol polie .l o 03,5 93 Jguo 13 5
Loy WYY S jless o0lgils aldlie by s celw
YA 2505 (6380 05 50 Jg Cawl &Bld 5 Brune il
Siloaly el 1) 293 5y Bpas wl s & Cud o
ol LB B jame duo)d VF 39 asliy el b ggeey
adlie 0)53 ;0 Bruae l581 Y/AY 43 o)l sdlgils .l
oaalS lidpas Mo yd YA dads (608 0y50 O Ll cuib
2oy VY dgas b b b Luld > aldlie jlel b .l
Ol o pd B/ du ojless 03lgsls lanily LB pne yials
50 D9 (£pSe 0)9d 0 g Cuib dblis 0yed > Bras
JB L wld 50 gaazeyn bl ]38l Lidy 8 ns dus )
Sl Bpas Gl Moy cuin dgas Al el
Lop> Cdb dghe Gl el (B ke ailpe
Moy & 6pSe Gy cadh Al dsge o i)l
0y90 b Lold 5o aldlie 5T 5 aw blansly Bpns ials

Sldily B pns inli8l Mo yd dus dgdn ob aly bas

e (S S yidie g odlgls dw b Bpae Gl
90 0dlgils Sloj gy Sloddionly lis S JSG 0 ol
i sl ol (28069 3)) iy 4 dw g
a8 5,5 2939 Ll )3 (gloygd ol puss 39 od odmlie (g9,
G5kl Sloj ojb ,o el Juad (slagSl dg>g saimdlis
ol b aS cal odg Loy Yok 0yg ailie LG
0391 olyon s e S ko § GEMISES 15 > By
R S yutie Sloj sy y3lis (VL &S (gyob
Sy ) Soojlads 03l g (o] Sloj sm) ol
S > oy bl 0)9> ol & bgape (S
S ol ) Gpae (208 Gl S ojled ol e
OpreS &S gysb .l Al dolyl va i lio 1 ax 0y90
odalio alibio jlam o) Gliel )3 Bp Spas (i
2 Rl ials s Sloj lagspw plo )3 298
Do g0l odnlie (B yas
sxp g allie by dlslis (o35 i duglie (ol
draloms alopo y )l s 5 Silo (1l colps o LG )



oy VY 50l Jol ojlod e jw Jlo ol duwss 5 o jlasms Bl (ool doliliad

800 b L

A 0 o N
o O O
o O O

sl SlgslS & B0 Bpao (50

Electricity consumption in Kwh

1
1
|
1
1
|
|
1
1
|
1
1
|
|
1
1
|
|
)

0 u_é/ua.o 0)92

1357 911131517192123252]5’%%%}%@%},45&%7495]53555759616365676971737577798183

A s (S Gl jmte § GBS 15 5 Brae il LY JSKWS
Figure 1. Changes in Electricity Consumption of Participants and Household Subscribers in Tehran
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