Received: 05 February 2025
Revised: 12 March 2025

Research in Chemistry Education, Volume 8, Issue 1. Pages 100-123. Accepted: 10 April 2025
Print ISSN: 3041-9271 Published: 21 March 2026
ISSN (Online): 2717-2279

Investigating the misconceptions of 11" grade high school students
about the concepts of isomerism and naming hydrocarbons using
conceptual evaluation method

1. Vahid Amani ®: Department of Chemistry Education, Farhangian University, P.O. Box 14665-889, Tehran, Iran
2. Hakimeh Teymourinia®: Postdoctoral researcher, Department of Chemistry Education, Farhangian University, P.O. Box 14665-889,
Tehran, Iran

*Corresponding Author’s Email Address: v.amani@cfu.ac.ir

RESEARCH IN @ Abstract:
CHEMISTRY NG
EDUCATION & Background and Objective: Chemistry is one of the experimental sciences in which many
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students experience difficulties and develop misconceptions during learning. Therefore,
identifying and addressing these misconceptions is crucial for effective chemistry education.
The present study aimed to identify eleventh-grade students’ misconceptions about the
concepts of isomerism and the nomenclature of hydrocarbons using a conceptual assessment
approach. Materials and Methods: This study was fundamental in nature, and data were
collected through a descriptive survey method. The statistical population included all
eleventh-grade students in the experimental sciences and mathematics tracks in schools in
Tehran and other cities of Tehran Province during the 2024—2025 academic years. The study
sample consisted of 265 female students and 283 male students, selected randomly through
convenience sampling. Data were collected using a diagnostic test containing eight multiple-
choice questions. The validity of the test was confirmed by 15 chemistry professors and
teachers, and the reliability was established using Cronbach’s alpha coefficient (a = 0.84).
Data analysis was conducted using IBM SPSS Statistics version 26. Findings: It is

How to Cite: Amani, V., & Teymourinia, H.

(2026). Studying environmental concerns in high
recommended that the content related to isomerism and hydrocarbon nomenclature in the 11%-

grade chemistry textbook, as well as teachers’ instructional methods, be reviewed carefully
and with special attention. Conclusion: The results showed that 16.9% and 11.9% of eleventh-
grade students held misconceptions about the concepts of isomerism and hydrocarbon
nomenclature, respectively. The most common misconceptions in isomerism were related to
identifying isomerism in functional groups, while in hydrocarbon nomenclature they were
associated with recognizing the main carbon chain. The findings also indicated no significant
DOI: 10.48310/chemedu.2025.18328.1308 difference between male and female students in terms of their average misconceptions
regarding these concepts.
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nomenclature of hydrocarbons.
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Extended Abstract

Introduction

Chemistry, as an experimental science, encompasses complex concepts, extensive calculations, and diverse chemical
compounds. Due to the difficulty of chemistry, many students face misconceptions when learning it. Misconceptions are one
of the reasons for lack of learning and lead to serious problems in students’ learning in chemistry. Misconceptions are
preconceived notions, unscientific beliefs, simple and unfounded theories, and sometimes conceptual misunderstandings that
a person believes in; but they seem scientifically correct. Such incorrect concepts can be stored in students’ memory for a long
time and may even be transferred to the future. Researchers believe that misconceptions should be identified and eradicated in
early childhood to provide students with the opportunity to acquire appropriate scientific knowledge; otherwise, incorrect
beliefs will accompany them until university education and will cause problems in their learning. Organic chemistry or carbon
chemistry is a subfield of chemistry that aims to scientifically study the structure, properties, and reactions involving substances
containing carbon and hydrogen atoms. This study includes examining the physical, chemical, and reactivity properties of these
substances to understand their behavior. Researchers believe that organic chemistry is one of the most difficult subjects that
students in every country must learn as part of their scientific and future career needs. Isomerism and hydrocarbon naming are
two critical topics in organic chemistry education. In organic chemistry, isomers are molecules with the same molecular
formula, but their structure is different, or the way the atoms are arranged together in these molecules is different. Hydrocarbons
are also organic compounds that contain carbon and hydrogen atoms in their molecular and structural formula. Isomeric
compounds have different chemical and physical properties. Recognizing the isomerism of organic compounds and knowing
their different chemical and physical properties is of great importance in 11" grade chemistry books. In addition, naming
hydrocarbons, especially alkanes, is an essential topic in 11" grade chemistry books. A study conducted by our research group
showed that no research has been reported so far to identify students’ misconceptions about the concepts of isomerism and
naming hydrocarbons using the conceptual assessment method. In addition, examining the effect of the gender of 11" grade
students on their level of misconceptions in the concepts of isomerism and naming hydrocarbons makes this research work
stand out compared to other studies conducted in the field of investigating misconceptions. Therefore, the present study aims
to explore the misconceptions of 11" grade students about the concepts of isomerism and naming hydrocarbons.

Methodology

This research is based on a fundamental purpose, and its data was collected using a descriptive survey method. The statistical
population of this research includes all eleventh-grade students in experimental and mathematical subjects in schools in Tehran
and the cities of Tehran province in the academic year 1403-1404. The statistical population includes 56,288 students (37,021
in Tehran and 19,267 in the cities of Tehran province) of which 548 students were selected as samples using the Creasey and
Morgan (1970) table. Using a convenience sampling method, the statistical sample included 265 female and 283 male
participants randomly selected from 17 schools.

Results and Discussion

The results obtained from conducting diagnostic tests on the concept of isomerism, and the percentages of students'
responses, were arranged into four categories: full understanding, partial understanding, incorrect understanding, and no
understanding, and they were, then, analyzed. Table 1 shows the frequency and percentage of students’ responses to the
questions on hydrocarbon isomerism. Figure 1 also shows the abundance of students’ responses to the questions on hydrocarbon

isomerism.
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Table 1- Abundance and Percentage of Students’ Responses to Questions about Hydrocarbon Isomerism

First question Second question Third question Fourth question Total
Level of understanding Percentage Percentage Percentage Percentage Percentage
Full understanding 58.4 320 70.8 388 58.0 318 44.9 246 58.0 1272
Partial understanding 14.8 81 9.1 50 223 122 19.7 108 16.5 361
Misunderstanding 17.3 95 14.8 81 11.1 61 24.5 134 16.9 371
Lack of understanding 9.5 52 53 29 8.6 47 10.9 60 8.6 188
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Figure 1- Abundance of students’responses to isomerism of hydrocarbons questions

According to Table 1, among the answers given, approximately 58% of students showed complete understanding, 16.5%
showed partial understanding, 16.9% showed misunderstanding, and 8.6% showed no understanding. Among the questions,
the most misunderstanding was related to the fourth question, which aimed to identify isomerism in functional groups. Students
who held misconceptions about this question answered it without counting the number of hydrogen and oxygen atoms, focusing
solely on the carbonyl functional group (C=0) and counting the number of carbon atoms. Also, according to the data in Table
1, among the questions, the least misunderstanding was related to the third question, which aimed to define isomerism. Students
who misunderstood this question answered it without counting the number of carbon and hydrogen atoms and only considered
the carbonyl functional group (C=0) instead of the alcohol functional group (-OH).

The results obtained from the diagnostic test on the concept of naming hydrocarbons, as well as the percentage of students'
responses, were categorized into four groups: complete understanding, partial understanding, misunderstanding, and lack of
understanding, and then analyzed. Table 2 shows the frequency and percentage of students' responses to the questions on
naming hydrocarbons. Figure 2 also shows the abundance of students' responses to the questions on naming hydrocarbons.

Table 2- Abundance and Percentage of Students’ Responses to Questions on Naming Hydrocarbons

First question Second question Third question Fourth question Total
Level of understanding Percentage Percentage Percentage Percentage Percentage
Full understanding 72.4 397 611 335 66.6 365 70.6 387 67.7 1484
Partial understanding 4.6 25 21.5 118 16.6 91 114 62 13.5 296
Misunderstanding 14.2 78 12.5 68 10.6 58 10.2 56 11.9 260
Lack of understanding 8.8 48 4.9 27 6.2 34 7.8 43 6.9 152
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Figure 2- Abundance of students' responses to hydrocarbon naming questions

According to Table 2, among the answers given, 67.7% of students showed complete understanding, 13.5% showed partial
understanding, 11.9% showed misunderstanding, and 6.9% showed no understanding. From among the questions, the most
misunderstanding was related to the first question, which required identifying the main chain. The students who had
misunderstandings in this question did not correctly identify the main chain and considered the ethyl group a branch. Also,
according to the data in Table 4, among the questions, the least misunderstanding was related to the fourth question, which was
asked to identify the location of the side branch at the beginning of the main chain. Students who had misunderstandings in
this question did not correctly identify the main chain and considered both ethyl groups as branches.

Conclusions

This study investigates eleventh-grade students’ misunderstandings of isomerism and hydrocarbon naming concepts. The
level of students’ understanding of these two concepts was assessed using the conceptual assessment method. An analysis of
the responses to the test questions revealed that 16.9 percent of students misunderstood the concept of hydrocarbon isomerism,
while 11.9 percent misunderstood the concept of hydrocarbon naming. Therefore, it can be concluded that 11 grade students
misunderstand these concepts and that attention and precision are needed in teaching the concepts of isomerism and
hydrocarbon naming. The studies also showed no significant difference between the misunderstandings of female and male
students in the mentioned concepts. According to the findings of the present study, it is suggested that when planning and
writing textbooks, challenging concepts such as isomerism and hydrocarbon naming, which may cause misunderstandings
among students, be examined. Using diagnostic and formative assessments will help teachers become aware of students’ views
and beliefs and help them resolve existing misunderstandings. Choosing appropriate teaching methods by teachers can be
effective in reducing misunderstandings. The findings of this study can help curriculum planners, authors of chemistry
textbooks, and chemistry teachers to work towards improving the quality of the teaching-learning process of isomerism and

hydrocarbon naming concepts to prevent such misunderstandings.




VoY Cpoge Wil Fu)b

V¥ il YY (6,555 2o,)b Yoo 1YY Olxio <) G)w A 0499 ‘GS“.'."; J},OT B 0.;“93'3.

V¥ 020598 VY b pdy )b

Ve (23y9,8 VLl gyl

FeFI—ATV sl bl
PYAY =TTV 2 oSig 51 Ui

9 G9! molie 30 a3l Al (ligeT iits 0TS (v
(09680 Il 3 51 g5 b By 35 g joud (5 105 pli

Ol el 5 AFFEO-MR Ly Bgdio ¢3lSim 3 olKuiil ¢ sard Bjg0] 09,5 1" Slol g )
Ol lyts VFEFD-AA iy oo ¢S 8 ol g (Bigel 05,5 (6 Dluy ,Rtinghy {5 )50 danSs Y

v.amani@cfu.ac.ir :J sius st 5 K5 1S Gt

0 S>>

JSCia L 0T (6S5L sl 015 sal 115 51 (6ol o8 ol 205 ke s 3 (S e s 1 lal 5 4y
Gda b ol g s 35 Coeal et (653l 53 DT aghpsS wby 5 Cotld W ks 4l e oagdpsS
Uil s b b Sasdes ISEL 5 sl pealie o)lss waasl wl O5sel il SlaeginS alalid
A sl 8 ey o s L OT slaesls 5 ol by rash gt B S el il e se
— 0kt 5 Ol e slhe (2l 5 g slaandy wasl aly Ol sl (518 S Jold Gl (Ll amel-
55l YAY 5 jists 5 5al I3 YN0 Jold i 55y a0 gad o ol V0TV B0 o Sl 55 05 Ol sl
ANl (555158 (gl s Ol o ind 55 & gad 0 gmd 4 (5S4 305 Soss 4 5 B3l oy g 0 4S
o Olyms 5 Olsliad 31,810 Loy 0031 olyy A3 eslinul glas S Slex Jlsw A (Gol> asiis O3l
Sl eslizal b baesls Jowd dd U1 0gn3T SV bl /AE ke 4 #L5S GWT o e b 5 G
oS slacp S L;Jl.'@rl; 5 Gl o Gl sl laadl s rl}lu.. IBM SPSS Statistics Y1 )\}jlv
QLL@B:5;@.:);@:%;5&)Q—j}_sélScﬁéb.QLJMMJJJE},}‘;W}VA:)QWLJJ):
7S D g Sosdes 6510860 5 (s pes il pealie 53 o S el 4l O3 sal 205 7AV/A 57V VA oS sl
GOMSPL psgie 53 5 ale oo S 55 (rmsnl asids ) 00 G eanl psste 03 LegipS e Aies
TS Sl o Sobsline gl 4 5ls 0L W gy S Lol ol i astS e 3 Lacn Sssdea

MG s 03 S5 aealde o3ls3 ey 5 05 O sl IS

Lo S aodes (SIISHU oagdinS pa3 il 4L OlLisel il s pasil o gnspio b is) 085 508

&

s, @

&
FYIY=TIY A S0y 2501 Gl TP -ATY i le M-.’.

Lo 5 et o Slal 1 pasliul o g2
b atinS e (1£10) S
56l pealie 53 easl aly Ol sl s
i3l s L legn Ssodes )18 0

DA i hjsel 4o Jiass . e sgie
Nreoavy

DOIL:
10.48310/chemedu.2025.18328.1308

b gillas >I)‘T oy G yguody LS )3 ol bawgs dllde () Hlil (Cuwl ot g 4 (Blaie dlie oyl i) Gads olos VFr0 © D (3 9 j95e
ol 48,5 & ya0 (CCBY-NC 4.0) alss



https://portal.issn.org/resource/ISSN/3041-9271
https://portal.issn.org/resource/ISSN/2717-2279
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.48310/chemedu.2025.18328.1308
https://orcid.org/0000-0003-3802-027X
https://orcid.org/0000-0003-4630-1469

eed S 1093 malio 43 02330 4l ()1 50T i1 S NPT (w3 | Lis 908 g o

A0AR0
Slassle 5 Uty oS L Jlos 835 055,85 slasly sl 5 ¢ 30 (Slalen ciliien Slacsle o35 oSl oS slims 45,55l

685l (YA T i) 55 ol ) S jlasi S G b 51 L andly SO g 53 il oo (6 S0k Al o Xl Sl 5 Jlesl S - b oy iy
I FE T SN DU TP Y SO NCEJE N I PR PRI U S BE JPIVENERRSCUNS [P
DR 03 5 e O s ClaalS (YovY Ol Kos 5553 Y0 Y)Y f@,w.x:?) 3 g a&udﬁlijjl;@&ﬂfsli@’lﬁésﬁ& sl Sl
A5 Ly 28 0T Ol pel 23ls S 3 5 e 53 omgir Sl 1 S it Lny 28 3 (glanp0be 5 (Al e s Slaaal B 5l el slasiles,
a3 Olysel Jals (68l ke 4o digel ise il s el glakila S S s GblS (s glaasl p Slallas o Kia s 51 gk sliel &
Lol 03 g0 JooSS 555 3550 DMl g 3 5 A8 13 St 5 Sk 3550 polde s & Ol 3 30 pl cpl b ks (55 528
TV O 5 505 Sle) 355 63b5 A 5

05 B Sladle 515 o35 (o3l O Kka s &oubs adaen el 5 obidipe) «Sos card upd il 20 pe s 65l
Sl 4 B Lles S ool sl SN o ke Sl 555 Oldeaiils ol 4B S Sy go s ol 6,80k oae Vs 8L sl ool lallas
Sl g 25 sl o33 (S0l Sl 5 31 oty 4 Wiy e ) 355 s 53 La0T A8l s p ko (5,80 1 oS ins ey
e & gslas 5 ol 03380 AT L Salan 1841 0 gailer) 55800 by pn s ool isel Slagbss & Sos (o 5 ol

R Y NETPRCI Sloz 1S sland oS 5 5 b5 Slasls odey realie gLl oS sl o2 pole s 5SS e 02
S el b b agisS 0800 bl s Y (5 hh) dits e i b ol g S0 L O (6,85 (510 05 50l 3005 51 (6l o
b il b S Lph e e pp3 3 Ol sal 1 (6 S5L 55 s SASe 4 e 5 Al Clo s ine 5 LS (6 S5k pte LY
sosle glaay L ¢ ode o Oolslitel el adliy S Sl Ol gl Ol sea uw@é S de Gl S ol oo el 4y ola sl iy (glae
Slr Bl5 o ol el i Ly o B4 Gy Salb a4 e L Gl eayls slaze! Laa‘lgajéﬁm@j@ 2l e s A8 s el
O Kimsn OV T s 5 celae oYW O D) Wl iz 5o el 4 sl (See i 5 el 6ot Ol el il Al s o3l e

! Learning

2 Saif

3 Skinner

4 Habiddin & Page

5 Duda

¢ Sobhani-Nejad

7 Johnstone

8 Saadati

 Naghizadeh & Saadati
10Asghari Lalami & Amani
T Adesoji

12 Azmat & Khodai




1 0 boii/ A 098/ (couls 39T 30 b9y

TS s ol JSa (VY0 My 5 0] 35 el slonl 0T (6850 3 1y ISChe 5 35 il st LT o e a3 C¥lannd b 3L
la oS ol & 0T 31 ol 5 sl e 35 s 3550 (a3 3 aalllae 5,50 alie (gl o S0l sl WaOT o8 ol pl 013 5al 21 3 La g
i Aas o 0L Dl (VErr (Salaw 5 gl 0353 8) Sl e oy IS 0T a3 3 Slalisel iy i 5 didiine ode Condly S Olsees
syls (g5l J,:;U LS L, 5 N S ekl sl (6 Lol U5 et o o3 ilisie el 5 0e o Jljy’luﬁl; dud‘..@_éé RS
(Y44 T s gn 5 akal)

3l 3l ge WOl 3 &l gla STy 5 ol Gl ol dadlls O Gua &S ool o oo (slaast i 5 51 (S e0n S oard b T T as
ot G 5 a0l ) S gl 3o nl S ESTs 5 ot ((Sod ol ) Jold adllae ol Sl s 0500 5 0 S Slagdl
ot 3y g edalie LaOT 53 13 03l 53,858 (05emS1 03 a0 dile (650 sl i 5 died O30den 5 (0 S e 5 Jold sdes sba JT
Sl (Sl (gl mlo s S soed DS 5 3505 5 0 pland gLELS 5 g5 ol sl 5 Lol Ol bl « Slsbes s
bs) At o 5 58 OF (b3 gol plas SBlal o e 51 (G 5528 2 sl 3 T e 5 sel ol iy Ll Jlsl 3 (slas )8 cardis 3 oo
5 s L 51 is Olgsa LU 538 s Olisel il &S il wsyn Sl S SO T et s S Bdites O iy (Yo YE OS5
AYevE O 5 e Y vy S el 5 o) 035l Lol s Jad su]

oo Stz pad5S0se b josil (T s 03 i mome T ot (25500 53 gn Dl s 53 L S e (ISEL 5 (6 053]
S5 o b S m ol 53 o SUS Il 08,8 13 e b ol gl ol el Ul i 51 0Ly ol sl im) 5505 LSe35 50
Lair S 55 (S a5l o yehe JolS S 05 3 5m 5 055hen 5 S Slags! LOT (ol 5 (JsSTsn Jsn b 55 o8 s T SLS 5 55 acn Sapden o)l
wils o 1y JT oS 5 IS0 s dwglotand 5 pland 6 e 58Ty o e (S o S To pasiS O pmen age Sl Ll e
Ol Lagp S 55n (5 o3l o ol (o osdle as o OLE 1) (S a0 3) psgho L3 Oli sl 515 S35 lawr oy r Comtl b 50 cpl S ALIL
S LT glie S 5 bt ol s 5 JT DS 5 035 S as 5l ot S o oal b ) 0T Sl past 5 bl 5 2 S35 e
i w235k L ot e by Sl 51 OIT (1S pL o pastas dbacn S5y (OIS ccnl e sdle ol oa33l Al ond S SBlal )
38 5 e o Malirm Olojle Lo 5 o8 ol (2313 5 il lls JT LS 5 (oS0l o JT OS5 (VU ke 5 555 B> 4 58

Lzl 5 Gl Slom Sl JT LS 5 (6510880 (sl SU T st 31 o3lizasl sl 0 slows| e (slasliii g 5 SOl LLE1 5 Sys gl V(SL D)
Sl o o P SO el Sl o] ateew o >y g 3

! Paillusson & Booth

2 Lotfi & Mousavi

3 Organic Chemistry

4 Fatmala

5 Salame & Khalil

¢ Selina

7 International Union of Pure and Applied Chemistry (IUPAC)




eed S 1093 malio 43 02330 4l ()1 50T i1 S NPT (w3 | Lis 908 g o

Bl &?Lw))})ig G RITS | WR R GO AS e SaS Sledbl sl 5 byl s QU\JW;? 445 U8 r.bb.e Dl sme 5 535 6\.an skl dmb
el JT LS 5 8L 53 Sl ol 8 05 saiiule, Glacss oo 5 Ll 3l Sler glas bkl b Sialen 5 Lk glaiasi L

SN PL 5 o) alio 33l Ol sal SHls agdeS olubid jsie 4 tags Jlal o ol 0L Lo Jlided 03 8 Low 5 o plonil Slalllae
Oy st pail &l Olpel mils Coim 6 o 0l Do il o2 (55158 sl 5 s e 3 e pngie i) os b Lagn Sk
S o i r s a5 s 05 53 el Slalllas L 4 S 1 2 S ol s Saoden (108U 5 (8 sl etlhe 3 OUT pagisS
Gl I3 s o plonil G ol Ly S 5o (55180L 5 (605! ol 3 o33l sl O3 el 51 agdosS o) ol sy o g cnl
Wl 5 (R S A

Clited g Sl 50l psghe 555l 3 paail 4l Ol el 5l LT )

s oS Jlrs L Sodn (55HSpU ppgde 6,850 53 oa33l by Ol pel s LT -

3,03 s g w33l b 5 5 e Ol sal SHIs o bac S osdn (SIS 0L 5 (5 a0 5) edlin agdpsS 3 (lsbime sl LT Y

g5 A

;,m_,q,),:s);;,L;.Nﬁ,}'uu;,Uy‘luuungﬁaw6uaj;}up\mﬁméuﬁéw)ﬂ@_,:A,;,f,mmJu)a\tg_;ﬁ
s ag3eS Sl STt 53 Jale lass S 5 U ealia s Ol gel 51 pl o 315 0L Olisl Sl m o,

Il s e gze 053 AT Il s 5 ey O30l S50 3 JT cacd 5 sS4 a3 03 ToYE L s (HLSGes 5 Tl
sl Bl s ls sz g aave g 2T Il 283 5 e Ol ol 2505 o 55 T e 3 b oS 45 31 0L a0l Sl ol distls 4 s T S S
gy Tt 53 3 5 ey D5 5el 10 (Slapegd S £ 53 mir

5 andlas s g ot e &l SLLEDE s YY) B Yo gladle o S 1y (Ml Al T iass s FoYE Jle s (5L Kes 5 f el e
ir g s e LoadS (OledSSl d pl o 0 S 1)l aS 5 cedomte VLT (glay 538 Sliw w3 053 Ol ol 2305 48 5l oLis Lol Sldllas .5 S o 5
B ES Drs 0T (suail 5 3lse 5 Gl 4 (V5SS Ly« plad Jolas alie 53 ) Ssl 5 S (e il (53350 ¢ Syl il
Llea

S sls olis olasl Claass C:L:.: s plesd slad sy ‘.,:Abu Sys s e e Q\j}.a'lg;.jla w@-;éy")ﬂ“{y:”‘)}i)"y'*i Jl 53 LS

:)\J\iwjgl} Lo (s SASL 5l S g C)La\ uw@éwlﬁ\me@éﬂg: ot Gl sy enlis S5 5o QU‘,JJ‘..}I:

! Putica

2 Asipita

3 Kogi

4 Suparman
5 Elsiweir

6 Kumar




1 0 boii/ A 098/ (couls 39T 30 b9y

R s 5 SIS 5 aanlie 3550 53 (5350 5538 wan3lss 4l Ol gel 2l Sl tdrS o p & a5 5 TYE Jl s OLKs 5 plalise
At oS lars SIS 1 ealie 53 4 e O3 sl 11 S 55 0L LT Slids

sl el placd (gladi g poalie ) Lol SlaagdpS 3550 5 Ol el 2l ot (S35 50 soss YoV Jle 3 "SuS Ky 5 ol S
rl e 4 pl by IS agnS S a3 dops W s Dlsal HIs 5 o ss TV ey O3 sal (11 S sls 0L 0T slatass mls
ol iy gl oy onlie 53 2 Ol 5al 51 & Cnd oy Ol sl S5 eghnS (0 K3

3o oot il 53 0T slaegdnS 350 53 1y S Ol pel mils o 136 asgy 55 XYY Ol s Mo SKle s S 5 oluliey S
AL lad e 13 3L glad shome otlin 53 Ao ;3 0T ey O3 sl SHIs 5 Ao y3 £V 23 0l ga 2515 o 3l QLS LT olidons s 315 13 e
s agdpS brs AL glad slowe PH alons 56 055, S5 )

At bt Sl gy woalie 3550 )3 (S5l 5558 oas wly Ol el 2l G i o n 4 iRk 03 WYY dle s gl 5 s
s S s bt S s poalhe S35 4 o Ol pel 2313 Ao y3 01 S sl 0L Ol Dladss =k

Ol Lol s Lzl Cilises gbadle 3 ol iz SVEe oy 4 Ol sl L2305 o BES 2o50 53 s o3 XA Il s COlab 5 ey
ol Slab o ppe (IS sn andin  S5den S g ¢S Sl (VS sy aliond sladales s oalie s Ol el 15 S sl
Ared oagbmS Sl dagg Sl 5 S35 2

w,u”QL,;J;‘f,umﬁuﬁﬁuoiéu@@éwﬁﬁ\)guﬂ;o\jyiu:;uwjgtfujb;‘r.\« Jl s (LK 5" ymlals
s (i S Sl s Ol gl G313 4 o e 015 g0l 2313 etlie nl 53 oS 315 OLE L0l o gl Lsl3 [l 3 oo 2 3550

dagd alian (hasa Gl Aol eoalie 3 1 abssdil 5 skl eas3lss sl Ol el 2l S s o TNl s DG 5 7S L
Glas)s8 tle pealin 5| plie sla agdnS b5l 5 skl Ol 2l 8168 sl olis ol Liass Gl sl 13 s 3 Bl bl
2B s 555 il O sal uils ol sideas disls Lajl 5 bl a5 oS08 sla S 5 ol i1 s PH o pgde bl 5 bl &) G-
Las a5y o ke Oyl 5 S ade 5 L;LAMGS

O30 3 ealizal b pliewd slads pothe 355m 53 Ol s Al ol el sl Sl tdnS o 4 Sask 0> TV L Agu)\/

SH5 s K Y (asl Sledbl ) LY QU,«TJJ\; Li astia gy Olalas 31 (S s pypeyd GLOLS o) g aliae Glded paslS

! Hutahaean

2 Kristyasari & Pongkendek
3 Kusumaningrum

4 Fadillah & Salirawati
5Uce & Ceyhan

¢ Cahyanto

7 Mubarokah

8 Erman




eed S 1093 malio 43 02330 4l ()1 50T i1 S NPT (w3 | Lis 908 g o

‘\SQM\EMOLA)‘/.M 7S ol slherd sl se p e 3550 5 Oladas L 30 blo ple Xy VS slakisg 3550 53 el ealis
kS pealie b 15 5 5m 55 a pagheS cadsl dgol B3l 51 3 L phae plad (Sladisy aealie 53 Ol5sel 20ls (gla pegdoS 31 (65 sk ol 2
Al 4zl LT gz Jalas 5 S 5155 55 LU 0T L o3 S oLl 15 Ol 58l 200

e TUg3lS Ll Il 53 s 5 g b gt 015 50l 2305 G 5> T acd 53 Lo adS sz &2 20 53 YNV Jle 3 Tl 5 0o ol
03 hears 3t 5 s S i 3 (ol e sl Lol el ls dls (sla agdoS T et 53 Ol pel 2l oS 3l DL T Sladllae s
S 3 S 5 e O el IS

Ao slos (LS 5 ol cosle (Sla S5 2550 53 w8335 arly O sel 20l (Glo cagdsS sz 0 sz 53 TV dle s (ELISes 570 uls
BES r eed b ealie Ol pal 2l 5l Ao s £Y &S sl 0lzs Lol Slallas izstls 5 5L - Al pothe 5 bt Sk (So3 S
U SIoW.

Aty O & by e oalie 5 abesd Blos 3550 53 a3 sl 013 5e1 200 Loz omsp 4 sk 03 VT b 3 0Ss 5 F sl DL
S A T ot s T ol Gl O 53 052800 0315 13 (sl y nlin Y5 st palde 3 0l pel 2l o 53 0L a0l rass
YIS Gladi g Comle 5 sl (a3l 5 DS 4 (SO plend ol (Shnls e 3o 5 el g pspie olie diws GasiiS wauly jols
0355 ‘J:;)-yitw Loty 3 eslinul cealie nl 55 5aT (5] pr ibio (slal oo 51 oslind pe (0T slizel 4y tiien (3L Sla ot o5 s i 5
TS oo bl o oS dies alse dhexr Sl dae b sk ¢L<»M6LAOMJ‘ oslinal pde 5 odae Ll 53 bie sl ol
Ol gol isls St o Sty 5 V150 4 0305 oy pats o pe3T 3l eslizal (O3 gal 2315 b phas coslin fola . Lot s Ol gl isls 53 ola egd
.Js@tij&,,suowuw@é@)ﬁm};@

bt laddslas ai3l50 5 (6 20 58 sl V"”AL“ oolos pas 4l QU}»TJL'\; L;Laado.@.éé g h e ss 5 VY L ps LIS 50 Sl

ooty 6 S sl Lalgy ) eslinal B 3 g i S e S sl pgde 53 oS 313 0L LaOT ey sl Al e gehe L3l By b
&@éo\},‘ﬂWﬁ:‘uw,ﬂ.w\dwﬁua;wx;\,‘gﬂaw@ﬁ,@;gua\ B 33 oS (i 531 g0 psgde 53 5 e
b 0T slizel 3l s gy e 5 s Ol sel 251 w@éﬁgﬁw@uuﬂ sl esls DL 451 ge 5 (5 2058 sl otlin 6505 Ol gel 5l
T OB o Llg e s a5 S C3 L Obedae )l s5d e 5 08 et ped OIS Wl 5 (68 sl Sla i sl s

Sy il opl s Ol sel L2l gla e

' Omwirhiren & Ubanwa
2 Zaria Kaduna

3 Hanson

4 Molla Ebrahimi

5 Amani




1 0 boii/ A 098/ (couls 39T 30 b9y

Ve

bl Ll artle S calie (5 S5k 55 p a3 aau e o5 Ol gel 23l Gl oz sz 4 ik 53 MY dle s JELGs 5 e
el ) 5 il ol IS b 1 epalis ol 5 Mies aghpS Slrs Lerdle S waalhe S5 53 wa3il aly Ol sel 215 o 513 0L 0T ey,
5 gt Lo )5 files J 55 LOT siaze glalles 4 oeie o

(s e 3,58 551 sue (Jye Sbe oenlie 55053 e 4l Ql)'_,.a‘ldi.ib Sl oS o & sRan 3 MY o 5 T ALy SO g sl sl
pealie opl S 55 pas bl Ol galyls o sls olzs ol aass el stls s SOl VL 5 Y el g el b3 @MU) T sl o d
2l glwesls 4 5L5 s Gl pend s OIS s Exla ol ol slizel 4 dous Jq.@_eé ol

slge a3l 5 LIS (it g (LAl 5 3l pe 5t s Hin 53 O3 gl S5 (Sl g oy r h a3 3 VEY b 5o HIKes 5 Feslia

TS 5 el slrs s a5l 3505m 5 JolS 5 (Bl 5 s (S sUE asitS s ala gte 3 8553 Ol gel G255 oS 1 OLES a0l lalllas s
oA 3 a5 Sl el nt g 1 ol (3 5 i a8 e 1 ol (@3 45 Bl gme Ol sal s 31 dons O s e
il st e Ul S i Jlacn S LS 5 LS 8 S e OLS Ol sl S350 5l A3 VY dneen pladl s LIS 5 adl i g sla s

48 5ls L 0T gy gl s 0wl pole ok Ebo 53 by Gla S (s a4 R 5> V) Jle s (LS 5 C s
s ogdnS Ol 0gb wly pole Sl Come ul 3 5 Wl cg il psle et e Sl (63 S Ol gl ils i

) de S Osa3] o b 5l b= ded ealde 53 a3l wly Ol gel S50 TS on 4 ey > M Jl 5 TSl g 4 8]
3OSt STy B Sl Glad sl 55 psdssde O bl (s S Exla s Ol gal iils & wlps 5 Llash 58 s Lol s,
s b Glyls bt ol Clale 5 sl s il e

bl sy a5l e 5 g alie 65L55 o sie 093 0553 Ol gl il TS on a3 Ml s JBlSes 5V pdds gl
Bl J 55 Lol suaze ozl 4 e la oS ol Sl Sae 5 ditees ogdsS s bl 5o Ol 5l Lol Jimss 5l edel vty =
Al Pl 4 1y s a5 68 nl oS a3 5 1 b Sl e pdd o 53 Oledms b el ol 555 acd

Bad 53 Obgmmils 5 Ol sal 115 (sla g 53 Ji3e Jolge 355m 53 0l e CVhe ) gk 53 Ere Jl s Sl 5 eIV asl
Oladns o sl 55 5 o3 O st 5 LS 35 5 g dha 51 550 S slaass L e pegdesS ol 03 s Jolse Lol tztls  oland (badi s
5o 3 ool sl gla sy ( pbeaie ool a1 e AST oS sls L2 ol coldlas . sls 13 o 5 apm 5 g 5550 cObliad

RS Vodon- uﬁé d‘l‘ .\._[.LIJ BE )‘ijﬂ J.A‘)P cg)LL}Pb-:«d‘l 9 u])jﬁiuhlb U'l"':"i’l 6&&6 9 A.L:A 9 AJ}K L§LAJJ~.A )l ealeul ‘LﬁoK..iJlJ

I Ahmadi

2 Khanzad & Nikroshaldehi
3 Atomic Mass Unit

4 Habibzadeh

5 Mousavi

¢ Akbarpour Ganja & Amani
7 Homaei-Moghaddam




eed S 1093 malio 43 02330 4l ()1 50T i1 S NPT (w3 | Lis 908 g o

Sl ol Salussn 5 psgde (5S3k L3 alawsie p53 0555 Olisel Hls (Sla cagdpsS s 4 Rank o3 M L s hiKes 5 S
03 S 3 entle 8 Come o 5ls LIS LaOT Shagn mls bl Bl S 5 Sl S sla STy 5 JT e S 5 s camme 5 s (ondle S
orl 3 0l gel Sl Sl ogdnS 1) 5 SRl 5o clie sl s b 018 o e Ol 5 201 (Sluesles 5 LSS o3l a0 5L a3l AL e
Ll s S5 o8 e

L S5 S bl plat Lo gy 53 p 33 o g0 Ol ol 23l (Sla pogdoeS iboni = oo 5 s 2 41 (a3 3 YA Lo s T (gsble|
5 e BLl VIS 5 G Sl Sl s b s e L e Ol gel ils el a ST sls 0L sl lllas L tls Ol eda
Olayl slizel 4y s oghesS (sLls Wadie cpl Jebons 5 s 3 Lol i3l [ pladie b s oy ) 58050 OS5 Slebas Sl 5 sy il
S5k Gpd 5 65l sl pe (Sl Sy Lile eyl I e i) S8 & s oS WL e Ll e Cans Skl W
Al 50 Ol sl 2305 53 L egdsS sl 5 Ciond (553 53 il e oS A3l by e

gg@;amud@ygyiwﬂwﬁmpa@,;ap“)ﬁg\jguzguwég\ﬂ;ﬁuﬁp_,;Ajk,g YA Jle s ol s 5T s
el i Sl ol 53 Ol sel J250s 51 Oledea sl G agipS S Loy 4zt cpl 4 Dol 5 oo il 02 (oot St palis 5o
Sl ol estizad Lol slizel 4 . Jls (g 2 BT Skl o s Ol pal 53ls 5 Oledas gmiils & 3ls Olas Lol Sldlas (opl o sdle
Spdedd S5 aealia s ol TS A e Ll e O gl 5l 5 Olabrs gmeiils ol G lgr o s pimman 5 s 5 ARG LT

alie 3 Ol pal 5l &l Sl adgS 2550 5 Sl 5 sl a0l e e SV eyt s 5 ATAA Jle s Slas 5 cabes
el loaleiy 5008 olal s se L5 (sdaatns 5 LS g5 cnl sl 03 e Jolss 1 5 4 0T izl et sladisg L as e
Lols &l fuzne opl

Sl S5 Sl 3550 53 0L 3 oKl gl o5 gl 400y ey Olaban gmeils (la pagipS bl 5 anllan & 2855 55 YA Sl s sl
ssba 5 Oledas smils 5l (ol S A asiie Oli) Eash Sledel Cowsw @l el ol il (S5 glaidl s slge sl D3
S el s esle slijle b3 sla S5 sl Sy g (Liledds axdy opl 35l Sl r}.l.:« ohed e SHle b oS Sledes piils ol
LG esle (glo)d vl I s SHs s e NCS hls calises

5 Sl 056 b L e eoalie 1 g ool s Oladmagmzils S5 s p o andlas 4 iasn o3 OYAA e st plus 5 Ssles

(8 058 sl el Lo 5 BLI 355 2308 oo Sledbl il sl g5t Ol gty 51 0T izt ls a0l (la pegdpsS 2] el 5 (5 % 58 sl

I Khaki

2 Ahmadabadi

3 Nouri

4 Saadati & Khodai

AR




1 0 boii/ A 098/ (couls 39T 30 b9y

VY

LU Ol 53 Ol il 2t o 315 QLS WOl (sla o S Oly o spde (S2E S Sppots o (Sl 056 5 bt SVslas 035 45315
s ogdmS il eealde ) SH3 55 50 0L e lils 5 (ealdad 5 Ll K LG L eplis ol

AU s Ol s e Glaetidy ol gl pr g s O3 el 205 Gla aghpS 5 Bale Slypal ) 4 gk 3 Y40 L s 0L

5 Olas s (Slaoloty &nd 3 (303 Gla S (Ml el 5 Ol sl s o 3l 0L DLyl llllas ol wols oy cal 555 2 LS

OLES 5l Sldlas i S8 s 1 Lol opl 5055 555 (glaaist pol ol (gluvanr 35050 51 (gl 53 18 ad 5 13 LOT (55, 5 LS b

Dol il 51 2 5 B b 5 Dlase 5 o o sghe 53 oo o 5358 0T 55 cagdsS 55 lo ol andl 5 015 pol 215 Sl oy slawss sal ol

Al Jos @ 50 S35 5 a5 (oSe 538 @ mle Slsle Sl i 5 O e n b dad e aslie (35l 3 oS ol U Slieas

R V)

Lo poaze o Jailgy 228 4 (galiy Gl Lol 0l L;)ﬂajfrwi__[bﬁ Y Jz})t{oTéuub6@!‘@@@;\@@&mﬁ&2’adl
Mool s o5lps Sledbl O3 5Tty @l sy iolon oo 55 Gl ol ol ainy SO 55 5250 2 4 035580 OF ol Gs 5 3505, o0
el bl e S glasl 1 a8 slasls 5 bk

(5l 5 o2 baand)) davsze a3l le and s SUS 5l s 5 ol e Joad 5o i fa i msnl 5 Lagn Sosder OIS0 sladonns
(ST ardsn OLS 55 e il JT et Sl (6,850 (gl Ol gl 505 45 |5 clites pand 55 glaol Clas 31 Gl ol ool 0l 1
Lol bl S5 & oams Cilien slaanty s olKls 3 framd &alsl 6l 55 5 5L ladle 53 0 8 5 aediS S| nb sla S 5 Wl slie
Al 5l

Shss Gl 4 ged g Al

ke Il 3 06 Dbl sla0l 4d 5 0168 b sl Bby 5 o slaandy passl arly Ol sl S5l S Jals G ol (Lol anal
O e L YVAYY) a5 0TYAA 51 Iz 0,5 Oliwl (slaolie 1 5 Olg8 ed JSos 0 5 Siisel JS Sblsl 51 a8 4 (golol anslar sl VE0Y—V 608
35 e Olge 4 (VAVO) PO 4o 5 S s Sl eslinad b i 08A sliad amelr opl 5148 ol O 5l 2305 51 (0,5 Olial gladlku ¢ L5 14YWV
oS3 33 gl 0 g 4y (S Sised gy g Bl o w8 sl g el RIS YAY 5 mots sl (s Y0 el (gl & pad s 4 S L
2 R aS wlin LOT Gl 13 Jle 55 et o3 SLL 6 jes s bl av e VY 5|

! Badrian

2 Basic Research

3 Survey Research
4 Krejcie & Morgan




eed S 1093 malio 43 02330 4l ()1 50T i1 S NPT (w3 | Lis 908 g o

5 (s b Jald) o5l b ddaly 53 gla 58 Sl g A Jolis ol ags 0 ge5] .ol ol enlizad (gla ;5 Jlemr oS 005 51 Liss ool o

L&J;jj.)?b‘))dfjﬂlW‘abhﬂw\bjszéfjﬂl&md]}wug)‘Jﬂbéuoj;‘)ﬁdfjﬂlW}dﬁjﬁ‘&.@‘ﬁjv‘.}vux&um“)\

) 0 ab‘))T\ JJJ?)J l.@_a“ 6@@J§)JM o\ﬁhmm‘u)ﬂ‘)i)) oalail S48 C)‘Y\}w e

il Oga3l ys eslinul 3590 slaay S 5 SV Gw -\ g

oy S (s p 2550 S5 85 s &5 Jlje Sl oled 350 psedhe
Jis ey
bl DSy IS5 p 2 2l 25 e (S S50) (Al oY 5 OB (slacn Soodon 3550 03 s ol S35
el gl S LSS il G e e sl S S Sephs Ol sl yes! dsb o bagn Ssodes
B QLS S o rdls e (e (@ el e
Sl DS S 5 53 ol e
woglie Jse bl 23l 0, e (G S09) (7
el QLS 0T bt 5 (S5 ol
33 ol g0 Jsa b 03 sl 25 e (83 pe) (5
ol DS S 5 53l rgr abl oS 5
(o ) (A Ol e by ols s 5l Splas sloldl £33
CH, CH, CH, RN sl

| |
CH3-CH-(|?H-CH2 g CH3-CH-C|H-CH2-CH3

CH CH,

(Jo5 5 ,) (<
CH,  CH, CH,
CH,-CH,-CH, ¢ CH,-CH,-CH,
CH,

(S S (C
CH;4
CH;-CH3-CH-CH-CH,-CH;

L,

9

CHy-CHy CH-CHy-CHy-CH,

H,C—CH,
(S s ("“’> (s
CHy-CHy-CH-CHy-CHy-CH,

CH;

9
CHy-CH,-CH,-CHy-CH-CH,
CH;

VY




1 0 boii/ A 098/ (couls 39T 30 b9y

VY

(o8 S50) (Wl aspl ek ls glaay S 5 &r\JS Sl P
CH;-CH,-O-CH; Sl 25 55 Glos)
(esipS) (o CH,-CH-CH,
CH3-%-CH3 OH
(G S0 (¢
OH
(S, f‘)“’) (s
CHy-CHy-C-H
O
(ﬁé) (J\ f}ﬁl ol osls LSUM\A.‘:'Jf )‘ ‘_i;_r\.)S B LSJ"}Ji\
0 Sonl 25 S 5 Glas) ahle slaes S
/\/\)OJ\
(S Su (o H
O
poler
OH
(S s (a.Lo) (s
(0]
MOH
Ql:.;.;b J;J\—Y <Lf°+eé> (<l 0313 LgLAA;.:ﬁ J'l gﬁi(sl.ls 53 C)‘f)s-’)"\fb e CU y\ ),?L:) J}‘
obsT et (JalS S,3) (o SUE o o SISl
OIS ok (Sos pe) (2 CH3'C‘H'CHz'CHz'CHz'CHz'CHs b op Sssde
p CH
OLST e (s S58) (6 ('IHz
QL”ST J:;ALSJ:—-\L-\LY (JA\S gf).)) (_L” oal> 6&4..1; )\ &.‘lrlu\s ) u.l_)s_g)w\.:h C:M rb j)_e L G)La.\.il (’}J

R R A AN W (J..é_écs) (o
T e 5=V (3 S09) (2
Ol 31 Loy (S8 H;) (s

SUl o o
o
CHy-C-CH-CH,-CHy-CH-CHy
CH, CH,
i,




eed S 1093 malio 43 02330 4l ()1 50T i1 S NPT (w3 | Lis 908 g o

0 Lo LY (ol 50 (Qll ool slaay 8 51 oS 5 o Sasden s b ISOL .
olsT o oY (5 S2) (o Cuil e ekt e el
Ola JS1s3-0.Y (miiS) (2 CH3-C‘H-CHZ-CHZ-C‘H-CHZ-CH3
Olea 51 e (S 0e) C‘Hz CHy
CH, CH,4

olst Jeees VY (G SO (Al el glaag S5l &rl_xs R RSk e o s S, eoler

Oligs Joze=V (S5 o) (o fdlge ot izl s Gl
Dligs s T (eais) (2 CH, CH, ol s
st Jzaga=1Y (S 555) (5 CH,-CH-CH,-CH,-CH,-CH,-CH,
d,

(olid )8 oo b e Ol 518 A 5 (685 Sode b olSin 3 ol8isls pewd ode s sliasl 51,8V b (a3l olgoes ols) cpens 8l
bl i gl 238 13 (6 Sk 300 LT a0 w b VI 5 A3 (503 8 Oaal 3 ek e VI Ogel i (5555 5 AL i)
ST dge 3 Gl 5l bl armlons 51 g s S 1l 2ol o) oty ol @555 31 sl O3 pal 5ils 318 T 53 Osm3l Mzl e g3l Y1
e 53 Oy gel iils 3 gl Oy 5 NS (gole Ll 5 55 DgesT Bl e 0 ge3T SV VU bl SLS oS s S s AL OF el pLs S
I 0T s 000 53 (6,8l OF s 5035 Jibsn el (sl O a1 48 s a3l Ol O ol 505 45 O pa3T 51 IS i |l adds 80 Ol

Laosls Jolow g 4 5o

55 Olasel Jisls bl glaa 5§« oss cnl L3 .(084Y OKes ‘rulﬂi) A oslinal e seie Lol iy SOl sel 5l s e 2Ll sln
el 53 O sty At ol o A8 el 3 6)>¢_\.c}6«.§.é<~;5 (S S5 8 S el s e

At gl U b BB sl eled ol S plageuls : JelS S

e Gl s BB (sl 51 SC BBl als oS plagaly 1 g S

AL s sl Gl plIS s 5 s S e | N LI V- NS e - gl S

Wl 6385 S 53 5 g psgin oS S o o)Ll b5 & sdimsgnly ;,T)Hsuiucwg 1S5 pde

Wl ol a3 S a5 53 I 31l S pe Ao 4 Ul 4 3aal IS o Sl pde ol ta g3

Sl doss 5 Sl o s ST s 53 Ldd Je 5 4 55 IBM SPSS Statistics Y1 1l 5 53 0 sa31 slaesls ¢ blaul 5 oo 55 5UT (sl
Goio e w35 03 e 035 e g PR/r0 (g lslas o 53 g ey S salS 0 a3l 51 bl el i 53 A avlons Gy a
L S 35 IS 5 (5 o 52l SV s (61 B i it S 5alS 0 g0 3T 51 ocal sy (sloa el ¥ g s ol iz gy el LG 05031 51 5

.M)L;a QL:..; b

I Abraham

A




1 0 boii/ A 098/ (couls 39T 30 b9y

ARt

bop S 5ok 8 pL 5 s poa ) VI (ol B g rameliBy S 50lS 0551 (slao,ll Y g

Lo or S sk 1080 Lo or S oo (5 053] poets
ALy
</YVA /87 o el
VY o/eny P-Value
dly s by e ©F

e s e QLS oS ol v/ e 5l meS ey S ool ‘_;Jl.lffl})‘_gfjﬁl m.ab.a w@é Ol 5o J:i.ll:ﬁ ‘_;lel;ucla.ﬂj._.zun F dsd= 4w asg L

oalazal Lbu.v;j)./\:.h é)“"ffbjtsf)ﬁ‘ ('..\ALQA ﬁé g_)‘)..» OR 6‘;: Af‘:'ij_u" &J:“)\il" Q}A)T}‘ gu.’s‘lj.vl.«.v ! JLAJJJ:F@)}J 6\)\) (o

W

g slasl

s oS s (o0l pogie 52500 53 @235k 4l O sl SHils LT by Il sl 4 ey

TS (S S5 JolS S s Sl 53 O3 pel s Glagealy Aoy Olpe 5 5 el psde (et S0 5T L Sl sdeliise s
03,30 Lacp S 550m (503l SV 0 O3 gl S5 slagealy doss 5 Glsl 3 0 Ui 53 03,8 13 o 5 4o 350 e o il S5 ot
s ga 0L 5 aip S a5 (5 m 5l SV g 4 O3 sl 505 (slagaly G113 5 ) S0 el o

Won S 5ok (555 SV g 4 01 gol il slagemly doys 5 1ol ¥ Jsr

& ol Jis- pm Il p3> Jisw Jsl I S e

Aoy sl Aoy sl BWRH Sl Ao ys sl Aoy Sl
OA/+ \YVY £8/4 Ye OA/» YA Ve/A YAA O0A/E Yy JA[S Sy
Vo A\ VA VoA YY/N \YY 4/ 0 VE/A A\ S S
AR YV Y¢/o Ve WA A\ \VE/A AN VY 40 w@é
A VAA ARVAN Y YA 1A% o/Y Y4 q/0 oY Sy f"\;




cerg S309 3 malio 30 o83 30 Wb (413907 310 S NPT (w33 | Wi 908 g o

1400

1200 - B 5 Sy S Sy
5 1000 B3 S0 pas
i)
_3; 800 -
2
4 600
3
2 400

B l_l J_l J_- J_l

0 o
Jo! 9 pom el Egome

Jlaw o lels

Lo S oosen sl ¥ 4y 015 gl 2l frasly G116 =) IS

A3 VVA (G S35 Olipel iils doss VU0 (JalS S5 Ol sal il Aoy OA/s ¢ pema 53 sl eals slagealy 0o 51 s 4 x5 L
Gads Ba LS Sl ol Jlde s by a aghnS i (W1 Sl i e DL | S5 g 0558l 2505 o sa AV 5 oagdnS O3 5ol 1
b dad 5 05mST 5 0350den slagsl 31a3 03 s O3y lilos s s 13 g cnl 53 &8 Sl gel 215 ol s e ale slaes S 53 (55053
eSSV 5HY i (slaesls 4y am 5 L Gemman ileals ol Jlgw (S Slagsl shiad 03,00 5 (C0) Jon S ale 5,5 5 5 b s
S5 03 et O3y eilos s oS Sl Il nl 53 & Gl sl 2305 ol 0 = Jae (g el s yad e b oS ol g Ul 4 By pe eiiS
Alesls gl Il & (HO-) IS Jule 05,5 slras (C=0) e S Jole 05,8 5,8 Jai s b Jads 5 03500 5 0 S slags!

Cdis oS s Lan S5 oden 180 o sgho (55L 5o waa3k 4l 013 5al G55 LT a3 Jljw mass 4 Gy

S)3 JolS s amazas Hlex 55 Ol sel 2l Sagly Lo Olye 5 by Sosda L;)l.lfru o g pail Oa3l Gl edalosa zk
GMSpL V5 Ol gl 3l Slageal doys 5 Jlsld b st 53 S35 13 ol 5 i 355m e 3 A i S e s eSS
s ga 0L 1y b S s sden (551386 VI a4 0l el 2303 (lagealy Sl 3 55 Y JSCS l o 0351 Lo S 55m

Lagn S 35kep 1I8PL SV 3 4y 0130l 1> lagewly Ao ss 5 5113 —E g

[Eaad poler Jis- oo i g3 s Jsl dig S

Aoy sl Loy sl Aoy sl Loy sl B sliss
\7AY% VEAL vea YAV A Yo N YYo vY/E Yav S5 S
\Y/0 Yan V4 Y ARYa 4\ Y\V/0 A i&n Yo S Sy
ARIA Y. ARVl o1 AEVA oA \Y/0 A VE/Y VA T
A4 VoY V/A AN VY Y £A Yv AIA A S ple

VY




1 0 boii/ A 098/ (couls 39T 30 b9y

WA

Oligel Gl gty (lgl 8

1600
1400 1 B ols oy S Sy
1200 B oS 55 are
1000
800 -
600
400
200 - I I I I

0

Js! p9o Py el Egane

Jgws 05l

Wi S 3 kn 8 PL SVl 3w 4 D150l 1> lagenly Sl 35— ¥ S

Loy WA (S S Ql)'jﬂdijl.: Lo)s VYo (S S Ql)'}»fu:;ls Ao)3 WV ¢ gamma 53 ol osls I Obe 31 Jodr 4 a5 L

et e b oS ol Ul lg & b s oagdpS o it VG 1 das e OLES 15 S35 ke Ol g0l 2305 Ao s3 VA 5 egdsS 015 el 201

a L u\},&m \) J‘:"‘ c}; 3 Llosls JMI«.T S yd \) thé‘ o).m) aJJ"aJ}! Ja.pé 6‘)‘) J\}M d’l\ BE Y L}"‘)}“‘JL\) RGO lea.n LSLpl ‘).:m)

CS 3 yaseis Gua b oS ool f)LP: e & gy U’“'Pé creS SV G o L Jader sleesls a5 b iomas Llas I s e b

93 2 Llesls ol Sy B) Lfl.'é‘ o e} Liles 5 &@ﬁé shls J‘}.« u_:\ BrENY ‘}J‘)}ATU:A‘J el 0 Cj]a» k51..p\ ) sl s L;;l:- s

s S s e s Olgea s 5105

A 03900 2513 cpm oy S 5,k SN 5 (5! peplhs LagdpsS 53 (s,l3lne ol it s I e g 4 ey

€405 55>

S pde 5 gdrS (i Spo Jol8 S s i Sl o L‘bw;})-@tﬁ)\ﬁrU}dJA}ﬁ]QY‘jmﬂW&_ﬁ‘QO‘)}ATJ‘J'J&L&&AH Ol 5an

s g O Lacp S osden (5518 pL 5 (5 m ) SV 4 ey 5 0 Ol pal 23l Slageal Olje 0 Jsdor A5 (i

Lan S aokn IEPL 5 (sl SV g 4y g 5 55 01358 s (sl Slsl 5 -0 g

Sy c]a.u Sl e Iy £ e
6J>¢J.:« Jq.gﬁcf S S b5 S
Yo A L Vo sl S Jsl S
v/ \A/0 Yo/ oA/A Loy La o S o s
Yy i £y A} sl g
\RVaR A% \¢/0 ov/a BWR
A Yo AR AN sl S £
VA /Y VWY WY o3




cerg S309 3 malio 30 o83 30 Wb (413907 310 S NPT (w33 | Wi 908 g o

ARAY

o
/4 YUY W YY) Aoy
YY ¥4 ov Yov sl JEEN o
At A& Y\/0 04/Y BWRY
Yo vy o AR sl -
NA \AVas YY/ 04 BWPH
R Ay iA AR sl S pk@}f
ARVA% Yé/A YA/ Lo/v BW-RE
Y4 W ay AR sl B
yoy Y/ YA/Y £8/0 Loy
\Q Ye VY YaA sl S Js! ‘_g)l.'xfrb'
v/o \Y/A £/4 VEN RPN Lacr S ooda
YA 23 'Y 144 Sl g
/4 Vo/0 Ly Vv BWRE
\Y Y 04 )Y sl S o2
£/0 VY YY/Y N oy
\o Am 04 Y VY Sl o
o/ YY/A Yo/A T/ Lo
14 v 1 VA sl s p
V/Y \RVAN YA av/Aa RSN
\o YA 00 VA0 sl g
o 9/4 V4/¢ 0/t oy
V¢ Y4 Y4 14y Sl S ptﬁ-
0/t A Vo4 YY/A Lo
¥4 v s \ag sl -
YN 4/0 VY A0 Ao

S e 8100 53 e doss b S oot MSEL diser rnsler 5 s Oiat 5 Lain Sasder Smnl s sl 53 @ ol w5 L
el 0155 Sl g O ey 53 e rS Aos SV iy 3 el O ey
P BT o Sa Il ey 5 5 Ol 5al G513 o Waen S poden (518U 5 (6055l pualie ogdisS 0> sl 030 Slalias (s sk 4
S 503 S35 sl Glaey S (6l 5 G0 sad e 4usS Gln i 2 3 A lone L S 5 den (IS PL 5 (5 m 5l SV 3 sl S
Jod) i anslie oo 9= RIS ol b s 5 253 05,8 93 55 bay Ssyds L;)l.lfruj&f)}ll ealis NCSUM Sl s 4 8 L s

.a

M




1 0 boii/ A 098/ (couls 39T 30 b9y

\WYWe

= on 03031 31 03l b oy S 5508 180G 5 (5 o5l S5 53 gy 9 53 01 g0l S35 LagbsS ¢ 00 5S0ls dmlis =\ J g

P-value ool Ol py oS 0 300 SLe Ol oS 00 (Sl VI sl ¢ seie
NEY ACAL VAV EVAT VR Y ¢ e
Loy S s oo

AN YYa JJEAE VY AV Y ¢ ESEE

b p S s

Ol ck..ﬂ).) A s Sl /00 31 5850 b S ds 6JIJ§¢L} 3 Sronl esete 52 2 5 sdelnsay P-value jluie \ Jsdr 4 a5 L
Glsbias Sl 5 355 0 4l Jio 4 3 ey Sl o8 L Ol 5 01 Loy S psden (551500 5 (50550 tlie cagdnS 0,00 S0Le 140

3 g g Ui S osden (IS PL 5 (S ms ) redlin 3 om3 il ey 5 5 Ol el 1l egdeS oSSk

S5 Ard g S

35 ool 310l gel 5ils S s o ool L S s 5tm (MSPL 5 (a5l petlie s wasl b PP TS Ol s ol hass G
S ool psain 53 Olisel G115 Ao y3 VVA sls 0L Oge3T (sladlmn 4 sl osls (slagealy gy 238 13 L3 5550 osade b3l Lhas b psde
ol o3 el al Ol gl Jisls 5 S amss 0155 oo ol ol dies GBS S b S5 des Sl o sghe O pal 53l oy VV/A 5 Lacp Ss s
Al Joe 0 035 5 ax 5 dacn S ssden IS 5 (s pms ) mealie 550l 53 ol L 5 L1 egdoS ol

O3 el 515 Ao s3 WY 315 0L e 0303 513 oo 2 3550 1y U e S 50den (S 5053l e 53 13 sl 515 oS Ol on 68 2m 55 Il Il oy ol
s 553 Ol gl J351s Ao p3 WY o astli o)lad aoias 55 Ol gl J25ls Ao p3 VE/A (g bl sla gl (S5 ol 03500 LS ol 3
Slatass 5l sl oy b b JRass cnl il dites g Slrs Jule slaes S 53 (5 manl eI 53 Ol gl IS doss TEO 5 (555
ol Layon (YOIA) (210 5 aS5ke 5 (T0Y8) K5 5y

Aos3 VE/Y 315 O o o3ls 13 s 350 s lain Sasden (55108 pU o sghe 3 O3 gel 2303 agdoS Olse & Jrassy g oo ol ol
o 53 Ol gl s Ao y3 Vo Glaatle L GOSN 1 et s LolT awis 53 0l el j5ils o3 VY/0 o Aol iy el 53 O el 21
ol S s S s ol iy il 3 Sl a5l S5 LashiS s Ol dess VY 5 il slaasls (0SpL o
el alyen (T2Y8) LS 5 (Y2Y8) 0S5 5 plalisn (slaiasy 5l odal Cnsas s b 2y

OLiS gy enls Sl B anslia 5)50 1) ey 5 25 o\)‘}.«bﬁ\;); Loy S osdn 6)‘-l§rt»j S0 m.al.u J“PCS Olyee &8 Ja gty s o g o)
5 bl slatass Sl sdeliusn mli b Siagh ool el il sdalie sy 5 s Ol sal 8l 3 sl Cowsay ol (Sololine OBVl mm Sl

el Ll yen (Y1) Il s T5lsl 5 0 a ol 5 (Y278) L1, Kes




eed S 1093 malio 43 02330 4l ()1 50T i1 S NPT (w3 | Lis 908 g o

SHSEL 5 smanl dher 31 S Al ealin (s SolS Gl 5 snonelp pKis i e slpin ol rash slaesl 4 e g L

5 Lalis 5l Oledae 55 0 o 5SS 5 aetS Gla bl ) eslinal pd ) 3ls D13 sal HIs 3 egdeS 3 pm s Ol oS Lagy S50
s oS 208 2 Ll o Olakns Ja 5 nlin o 525 (Sl 55 o] S SEaS 35 5o (Sla oS 185 6l n W 4 5 i 5t olST O3 5l 200 lie
Al B kS G lialy 53 B led ST gand Ol (rmeas 5 (ot SLACLS OW5e g ss Olpael & Ll e sy ol slaasily AL S5

2 S S sl e b (i 50 5l B S SO0 e Sssdes (ISP 5 (6 m ) ealie (6,85l aasls

&bo oyl

21 3 gy adlie slaS djf@n ol asllas =il 53

SHS1 (59 3190

| a.li.:; CAJ”LC«) u.éyb-‘ J)‘.p\}u.i)\}n JL«S JL.A)}:' <J'1\ {l}u\))

,_54‘6).\93;&0
e)l.a.:a “ 64.:5}\..«{ oj\}ﬂ o g;‘:”‘ﬁj}i )\5 U'i‘ {l:ul 6‘)‘.’ Q&f) NEH S L;LA L,;”LA.:- )‘ oS J;J‘Jc;d r)‘y >4~ 2 Jlis ‘;,.:\ QKM};

Auled Glayds 5 a3 0n e /AVYE s

References

Abraham , M. R., Grzybowski, E. B., Renner, J. W., & Marek, E. A. (1992). Understandings and misunderstandings of eighth
graders of five chemistry concepts found in textbooks. Journal of Research in Science Teaching, 29(2), 105-120. [Link]
Adesoji, F. A., Omilani, N. A., & Dada, S. O. (2017). A comparison of perceived and actual Students’ learning difficulties in

physical chemistry. International Journal of Brain and Cognitive Sciences, 6, 1-8. [Link]

Ahmadabadi, Z. (2020). Study of Misunderstandings of Chemical Bonds Based on Johnston's Triangle Multilevel Thought Model.
Research in Chemistry Education, 5(1), 25-40. [Link]

Ahmadi, Y., Salehi Aval, M., & Bahrami Maddah, A. M. (2023). A study of secondary school students' misconceptions in learning
thermochemistry concepts. Journal of Education Basic Science, 9(31), 7-20. [Link]

Akbarpour Ganjeh, A., & Amani, V. (2022). Investigating 12th grade students' misconceptions in acid-base concepts through a
three-tiered diagnostic test. Journal of Education Basic Science, 7(25), 59-74. [Link]

Amani, V., Akrami, Z., & Omidvar, M. (2025). Investigating the misconceptions of tenth grade students about the concepts of
stoichiometry and balancing chemical equations using the conceptual assessment method. Educational and Scholastic studies,
13(4), 317-337. [Link]

Asghari Lalami, N., & Amani, V. (2021). Factors Influencing High School and University Students' Misconceptions about
Chemical Bonding. Research in Chemistry Education, 3(2), 19-36. [Link]

Asipita, P. O., Sunday, Y., Abdulmalij, O., Evinenami, E., Haruna, H. O., Isah, M. U., & Ibrahim, J. (2024). Analysis of
misconceptions in organic chemistry among senior secondary school students in adavi Local Government Area of Kogi State,
Nigeria. International Journal of Education, 1(1), 24-39. [Link]

Azmat, J., & Khodai, A. (2019). A study of common misconceptions among students regarding concepts related to chemical bonds.
Research in Chemistry Education, 1(4), 73-89. [Link]

Badrian, A. (2016). A study of the perceptions and misconceptions of third grade elementary school students about the phenome na
of evaporation and condensation. Quarterly Journal of Education, 126(1), 87-112. [Link]

AR



https://doi.org/10.1002/tea.3660290203
https://doi.org/10.5923/j.ijbcs.20170601.01
https://chemedu.cfu.ac.ir/article_1237.html?lang=fa
https://basicscience.cfu.ac.ir/article_3069.html
https://doi.org/20.1001.1.26453649.1400.7.25.4.3
https://doi.org/10.48310/pma.2025.14587.4198
https://chemedu.cfu.ac.ir/article_1788.html
https://custechijoe.org.ng/index.php/custechijoe/article/view/6
https://chemedu.cfu.ac.ir/article_1221.html
https://doi.org/20.1001.1.10174133.1395.32.2.5.3

1 0 boii/ A 098/ (couls 39T 30 b9y

WY

Cahyanto, M. A. S., Ashadi, A., & Saputro, S. (2019). An analysis of gender difference on students’ misconceptions in learning
the material classification and its changes. Jurnal Inovasi Pendidikan IPA, 5(2), 158-168. [Link]

Duda, H. J., Wibowo, D. C., Wahyuni, F. R. E., Setyawan, A. E., & Subekti, M. R. (2021). Examines the misconceptions of
student's biology education: health biotechnology. Pedagogika, 142(2), 182-199. [Link]

Erman, E. (2017). Factors contributing to students’ misconceptions in learning covalent bonds. Journal of Research in Science
Teaching, 54(4), 520-537.

Fadillah, A., & Salirawati, D. (2021). Analysis of Misconceptions of Chemical Bonding among Tenth Grade Senior High School
Students Using a Two-Tier Test. The 8th Annual Basic Science International Conference, [Link]

Fatmala, E., Lestari, I., & Hairida, E. (2024). Development of Multiple Representation Learning Videos on Hydrocarbon
Nomenclature. Jurnal IPA dan Pembelajaran IPA, 8(3), 249-266. [Link]

Habibzadeh, E., Rasekhi, A., & Nikmanesh, R. (2023). Common misconceptions about the concept of combustion among tenth to
twelfth grade students. Research in Chemistry Education, 4(4), 67-77. [Link]

Habiddin, H., & Page, E. M. (2021). Examining students’ ability to solve algorithmic and pictorial style questions in chemical
kinetics. International Journal of Science and Mathematics Education, 19(1), 65-85. [Link]

Hanson, R., Taale, K. D., & Antwi, V. (2011). Investigating senior high school students’ conceptions of introductory chemistry
concepts. International Journal of Educational Administration, 3(1), 41-57. [Link]

Homaei Moghaddam, A., Shahvand, M., & Sadeghi Haji Baba, S. S. (2021). Investigating the Misconceptions of Second-Round
High School Students in the Concepts of Mole and Atomic Mass. Research in Chemistry Education, 3(1), 57-74. [Link]
Hutahaean, E., Pardiana, P., & Hadiyati, Y. (2024). Identify students' Misconceptions on Electrolysis using Two -Tier Diagnostic

Test. Journal of Research in Environmental and Science Education, 1(1), 1-11. [Link]

Johnstone, A. H. (1991). Why is science difficult to learn? Things are seldom what they seem. Journal of Computer Assisted
Learning, 7(2), 75-83. [Link]

Khaki, M., Zamani, E., & Amini, Z. (2021). Students' Misconceptions about Learning Thermodynamics in Second-round High
School. Research in Chemistry Education, 3(1), 19-40. [Link]

Khanzad, Z., & Nikroshaldehi, N. (2023). Investigating some basic and common misconceptions of tenth grade students in the
first chapter of chemistry book. Research in Chemistry Education, 5(3), 43-62. [Link]

Kristyasari, M. L., & Kusumaningrum, I. A. (2023). Analysis of misconceptions in view of gender differences in chemistry
learning. Jurnal Penelitian Pendidikan, 26(1), 1-9. [Link]

Kristyasari, M. L., & Pongkendek, J. J. (2023). Analysis of the effect of gender on high school students' misconceptions. Journal
of Educational Chemistry, 5(2), 61-68. [Link]

Kumar, S. (2024). Remediation of Chemical Bonding Misconception through Conceptual Change Text. Edumania-An International
Multidisciplinary Journal, 2(3), 63-73. [Link]

Lotfi, A., & Mousavi, S. M. (2020). Study of misconceptions of second year high school students in chemical bonding concepts.
11th National Conference on Iranian Chemistry Education, Isfahan. [Link]

Molla Ebrahimi, M. R., Razavi, S. A. M., & Amani, V. (2024). A study of common misconceptions of high school students in
chemical problems and concepts related to the first chapter of the tenth chemistry textbook. Journal of Education Basic
Science, 10(35), 15-37. [Link]

Mousavi, S. M., Golestaneh, M., & Tomari, A. (2022). Investigating misunderstandings of ninth grade students about chemical
bonds - a case study of students in Robat Karim. Journal of Education Basic Science, 8(27), 39-50. [Link]

Mubarokah, F. D., Mulyani, S., & Indriyanti, N. Y. (2018). Identifying students' misconceptions of acid-base concepts using a
three-tier diagnostic test: A case of Indonesia and Thailand. Journal of Turkish Science Education, 15, 51-58. [Link]

Naghizadeh Sarabi, M. A., & Saadati, M. (2021). A Review of Studies on Students' Common Misconceptions about some Common
Concepts in Elementary Science Textbook. Research in Chemistry Education, 3(2), 37-52. [Link]

Nouri, R., Hosseini, A. M., & Amani, V. (2019). A study of common misconceptions among high school students and chemistry
teacher students in the concepts of chemical kinetics, atomic mass, mole, and solubility. Journal of Education Basic Science,
5(15), 1-13. [Link]

Omwirhiren, E. M., & Ubanwa, A. O. (2016). An analysis of misconceptions in organic chemistry among selected senior secondary
school students in Zaria local government area of Kaduna state, Nigeria. International Journal of Education and Research,
4(7), 247-266. [Link]

Paillusson, F., & Booth, M. (2025). Embracing Representational Plurality to Bypass Misconceptions in Science Education. Science
& Education, 34, 1955-1969. [Link]

Putica, K. B. (2024). Identification of high-school students' conceptual challenges related to alcohols and carbonyl compounds by
means of a four-tier diagnostic test. Journal of Chemical Education, 101(4), 1442-1456.

Saadati, M. (2019). Prospective Primary Education Teachers' Misconceptions about Properties of Constituent Particles in Different
States of Matter. Research in Chemistry Education, 1(3), 97-129. [Link]



https://doi.org/10.21831/jipi.v5i2.26613
https://doi.org/10.15823/p.2021.142.10
https://doi.org/10.1063/1.5062821
https://doi.org/10.24815/jipi.v8i3.39504
https://doi.org/10.48310/chemedu.2023.2923
https://doi.org/10.1007/s10763-019-10037-w
http://www.ripublication.com/ijea.htm
https://chemedu.cfu.ac.ir/article_1670.html
https://doi.org/10.70232/bvc08237
https://doi.org/10.1111/j.1365-2729.1991.tb00230.x
https://chemedu.cfu.ac.ir/article_1667.html
https://doi.org/10.48310/chemedu.2023.3278
https://doi.org/10.20961/paedagogia.v26i1.67569
https://doi.org/10.21580/jec.2023.5.2.14997
https://doi.org/10.59231/edumania/9056
https://civilica.com/doc/1137065/
https://basicscience.cfu.ac.ir/article_3650.html
https://basicscience.cfu.ac.ir/article_2366.html
https://doi.org/10.12973/tused.10256a
https://chemedu.cfu.ac.ir/article_1828.html
https://doi.org/20.1001.1.26453649.1398.5.15.1.6
https://www.ijern.com/journal/2016/July-2016/20.pdf
https://doi.org/10.1007/s11191-024-00590-4
https://chemedu.cfu.ac.ir/article_1100.html

eed S 1093 malio 43 02330 4l ()1 50T i1 S NPT (w3 | Lis 908 g o

Saadati, M., & Khodai, A. (2019). Study of Understanding of Physics Education Students from the Concepts related to the Law of
Conservation of Mass and Stoichiometry and Extracting their Misconceptions. Research in Chemistry Education, 1(4), 51-72.
[Link]

Salame, I. I., & Khalil, A. Y. (2023). Examining some of the challenges students face in learning about rearrangement reactions
in organic chemistry. Interdisciplinary Journal of Environmental and Science Education, 19(3), €2310. [Link]

Seif, A. A. (2007). Educational Psychology: Psychology of Learning and Education. Agah Publishing.

Selina, Muharini, R., lestari, 1., Masriani, & Rasmawan, R. (2024). Analysis of Understanding the Concept of Alkenes through the
Three-tier Multiple Choice Diagnostic Test Instrument. Jurnal Penelitian Pendidikan IPA, 10(6), 3463-3472. [Link]

Sobhani-Nejad, M., Najafi, H., & Jafari Harandi, R. (2018). Analysis of the position of basic components of citizenship education
in the content of primary school social studies textbooks. Teaching and Learning Research, 15(1), 67-78. [Link]

Suparman, A. R., Rohaeti, E., & Wening, S. (2024). Student misconception in chemistry: A systematic literature review. Pegem
Journal of Education and Instruction, 14(2), 238-252. [Link]

Uce, M., & Ceyhan, 1. (2019). Misconception in Chemistry Education and Practices to Eliminate Them: Literature Analysis.
Journal of Education and Training Studies, 7(3), 202-208. [Link]

WY



https://chemedu.cfu.ac.ir/article_1220.html
https://doi.org/10.29333/ijese/13203
https://doi.org/10.29303/jppipa.v10i6.6510
https://doi.org/10.22070/tlr.2020.252
https://doi.org/10.47750/pegegog.14.02.28
https://doi.org/10.11114/jets.v7i3.3990

