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ABSTRACT

Teaching and learning chemistry face challenges due to the abstract nature of many of its concepts including
atomic structure and chemical bonds, leading to lack of motivation and misconceptions. Therefore, there is a
need to use new and creative methods in chemistry education. The aim of this study is to examine the
effectiveness of teaching subatomic structures in eighth-grade science classes using a combination of
technology, educational games, and interactive and participatory methods in science education at senior high
school level. This study was conducted using action research methods following an observational and
reflective approach. The statistical population consisted of three senior high school students who were
selected based on their needs, willingness, and ability to attend after-school sessions. Initially, a pre-test
consisting of various questions was administered to assess the students’ initial level of knowledge. Then, a
new teaching strategy was designed and implemented, which included the use of animations, educational
films, 2D and 3D media, as well as educational software and games, simulations, and group and participatory
learning methods. After re-teaching, a post-test was conducted to evaluate learning and the effectiveness of
the teaching strategies being utilized. The results showed that these methods significantly improved scores,
increased motivation, addressed misconceptions, and led to a deeper understanding of scientific concepts.
Therefore, it is recommended that teachers and educational planners pay more attention to these methods and
incorporate them into their teaching processes.
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Extended Abstract

Introduction

The transmission of scientific knowledge enhances public awareness, which, in turn, fosters critical and
creative thinking (Keshavarz & Moshk Bid, 1402). Effective learning occurs when new information is
connected to students’ prior knowledge (Gabel, 1999). Students typically enter the learning process with
preconceived notions about the natural world, which can sometimes lead to misconceptions (Rahmati
Hasan Abadi & Paydar, 1402). Teaching chemistry faces challenges due to the abstract nature of concepts
like atomic structure and chemical bonds. These challenges include misconceptions and low motivation
among students. Some factors such as teachers, traditional teacher-centered methods, complex textbook
content, and lack of student interest in the subject lead to the development of misconceptions. Teaching
methods, as one of the main pillars of the educational process, significantly influence learning and
understanding of scientific concepts (Redhana et al, 2017). These methods should be designed to engage
students and encourage them to think critically and creatively. By improving these methods and adopting
appropriate strategies, learning can become more effective. Modern teaching methods, particularly
collaborative teaching and activity-based learning, significantly enhance students’ communication skills,
critical thinking, and deep learning. Collaborative teaching fosters a participatory environment and
promotes responsibility (Anwer, 2019). Additionally, the educational technologies such as simulations and
educational games are effective tools for correcting misconceptions and presenting complex concepts.
These tools provide an opportunity for a more engaging and in-depth learning experience (Keshavarz &
Amani, 1402). This study examines the effectiveness of teaching the subatomic structures topic of eighth-
grade science using interactive and collaborative strategies alongside technology tools like animations,
educational games, and simulations.

Methodology

This study was conducted using an action research method with an observation and reflective thinking
approach in the teaching domain of subatomic structures in experimental science (Grade 8 Science with the
title “What's Going on Inside the Atom?”). The participants included three 8th-grade students who were
selected based on their needs, interests, and availability outside of regular class hours. In the first phase of
the study, an initial assessment was carried out to evaluate the students’ prior knowledge and to identify
their academic problem. This assessment involved a pre-test on the topic of subatomic structures. The pre-
test included various types of questions such as true/false, multiple-choice, descriptive, drawing, and
computational problems. After identifying the problems, strategies were designed and implemented to
improve the current situation and enhance students’ learning outcomes. With the participation of the
students, the characteristics of the three particles—proton, neutron, and electron—were reviewed and
summarized in a table. In the third stage, animations and educational videos were used to increase
attractiveness of teaching. In the fourth stage, images of hydrogen and phosphorus isotopes were displayed,
and several questions were provided as exercises for the students. In the fifth stage, students collaboratively
completed incomplete informational cards related to various elements. These cards included the atomic
number, mass number, chemical symbol, and the number of protons, neutrons, and electrons of the
elements. In the sixth stage, the PhET simulation website, which contains educational content and games
about various scientific topics, was introduced. The students were tasked with completing the challenges in
the ‘Build an Atom’ section. Finally, a post-test was conducted to assess students’ learning and the
effectiveness of the teaching strategies being used. The post-test results were compared and analyzed
against the pre-test results. Additionally, to ensure the validity and reliability of the pre-test and post-test
questions, consultations were held with an educational evaluation and assessment expert as well as two
experienced teachers in this subject and the validity and reliability of the tests were confirmed.

Results and Discussion

Understanding abstract concepts in chemistry education, especially those related to subatomic structure,
involves numerous challenges. These challenges highlight the need for innovative teaching methods. One
effective approach is utilizing simulations, educational games, and graphical demonstrations, which can
facilitate learning among students. The primary goal of this research was to design learning activities based
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on group collaboration, simulations, visualization, dynamic graphical representations, and the use of
educational games. These activities were focused on topics such as determining the number of subatomic
particles, the capacity of electron shells, and isotopes. These methods aimed to promote deeper and more
sustainable understanding among students while preventing misconceptions.

In the first stage, a pre-test was conducted to assess the initial knowledge level of three students. In the
pre-test, all three students performed poorly in answering descriptive and conceptual questions. These
results indicated the need for a change in teaching methods to achieve a more profound understanding of
the concepts. Subsequently, the topics were re-taught using interactive and collaborative methods. With the
students’ cooperation, the characteristics of subatomic particles, including protons, neutrons, and electrons,
were compiled into a table. Then, using animations, the formation of positive and negative ions, the process
of electron transfer, and the formation of an ionic bond between sodium and chlorine were depicted. These
demonstrations not only added more appeal to the class but also helped students better comprehend the
concept of electron transfer. Additionally, images of hydrogen and phosphorus isotopes were displayed, and
students were asked to answer several questions. Following this, students’ answers were reviewed and
discussed, providing opportunities to explain mistakes. Students were then asked to explain their answers
to other group members and identify the reasons behind their errors. Assigning responsibility of learning to
students strengthened their confidence, motivation, and engagement in the teaching-learning process. This
helped foster better understanding and correct misconceptions. To review and reinforce the learned lessons,
students worked collaboratively to complete information cards for various elements, which included atomic
number, mass number, the number of subatomic particles, and chemical symbols. These activities not only
increased student interaction and collaboration but also boosted their motivation and enthusiasm.
Furthermore, the PhET simulator website, which includes educational tools and games about atomic
structure, was utilized. This website provides interactive and visual simulations in various scientific fields,
especially physics, chemistry, biology, and mathematics. These simulations help students and teachers gain
a better understanding of scientific concepts while actively participating in the learning process.
Educational games allowed students to assess their learning, identify strengths and weaknesses, and
improve their skills in calculating the number of subatomic particles within an engaging and active learning
environment. This approach enabled students not only to retain and comprehend the content but also to
develop the ability to analyze and apply these concepts in real-world situations.

Finally, a post-test was designed to evaluate the learning process and measure students’ understanding.
This assessment included multiple-choice, descriptive, and computational questions. The results showed
significant improvement in the learning of all three students. At the end of the assessment, the correct
answers were explained, and the students’ errors were clarified. Analysis of students’scores in the pre-test
and post-test indicated notable progress in their understanding. This set of actions resulted in increased
confidence, interaction, and motivation among students, ultimately leading to deeper and more lasting

learning.( Table 1)

Table 1- Comparison of the initial and final test results of the three students under study based on

percentages.
Percentage of Correct Answers pre-test post-test
Student Name
Asma 80 100
Elham 55 100
Razieh 45 87.5

Conclusions

The results of this study demonstrate that employing creative and interactive teaching methods,
including the use of media technologies such as animations, dynamic and static graphical images,
simulations, and group-based collaborative activities, improves students’ scores. These methods enhance
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student interaction, motivation, and critical thinking skills, leading to a deeper understanding of concepts
and the resolution of misconceptions. One key advantage of these methods is their ability to make abstract
topics more tangible and engaging through visualization and interaction. Collaborative learning also fosters
increased student interaction, strengthens responsibility, and improves confidence and participation.
However, implementing these methods requires meticulous planning, access to technological resources,
and additional time investment from both teachers and students. Additionally, reliance on the tools such as
PhET simulations may present challenges due to technical limitations or lack of access to the internet and
computers. Generally, when these methods are employed and combined with traditional teaching
approaches, they significantly improve learning outcomes. It is recommended that teachers and educational
planners pay more attention to these methods and incorporate them into their teaching practices. This
approach could lead to substantial improvements in the quality of chemistry education and learning.



Research in Chemistry Education (o S jgel 50 gl

o Olho pges o)lads (oian Jlo (gord (3590l j0 Shegh,

IRy o
o 0T 3 Ry h
e

w3907 30 g H ®

https://chemedu.cfu.ac.ir AEAEE

&5 yLio— 390l s s3l g (5yaLd 31 (g S po b (i p ) gL LSl (g SOl Doy
aawgio Jgl 0598 (yl3901 Sils (5

D soblaas! [ )0 005y puis dalols

Ol st Lol s pp8 Gl Sy 5 isel o) ssonnd oo )

ol ol 1 YEED -AAS u-"“‘_dﬁM LK, 8 oKl o pacis 5590 05,5 T
( 2 z.ahmadabadi@cfu.ac.ir) : Jstus soiuy s #

PRV

oz 5l la il b olasd ladisn 5 ol )lile asle ()] pedlin 31 55l 39 (2 l35] o @ (oond ple (6 50k 5 el
ol Bam 05 o e Gl Gijgal 0 A 5 spar slais; Sl eslinl 4 L5 (nlply ol azlse cagdnS ol 5 05l poe
Jolds (25 5 slagts Sl esliiul b ipiiin il ()25 psle (oyo (ool lo)lidlow Coms o )5 (250 3 (2 00T
5 s2anpl8l sy b (e onl ol dawgie Jol )0 (225 psle uyd p0 (5L g Jlelai slaghs; 5 isel 5L 5 s )slid
o5 Bl s hles Gl bl oS 39 alagie Jol 0595 550l 23ls a Jolih e Lol anal ol plonil (b (S5 5 onalive 3 S0,
A 35 lipelotils adgl (il s i (sl gyiie SVlya Jold gl oty il it Sl 35ge] sl ) n
5 )38l iz cgum 4w 5 Som 50 Slaailes, (el lapkd (alatlisy Sl oslinl Jolds (o5 aya 3500]) S s
lr G9alim 3ame 38 5l o a3 2l 5 (b (e 5 (89,5 6Tk sy 4 s 5 ileand (Bsel ol
St s o ghg )l eold (L s ah 155 coals ai8 S50 e 05 sl pealy (i ST Ol sls 6,50k ol b))
Olpseliy 5 Oledee a5 095 o sloiig nlnle Cowl 005 ST ale pualie Booe S0 5 (o08aS 28 05Nl Sl el

DS w053 s jai anld o el g andl anlls (i gl by, (nl 4 (odj5e]

RS PN P PSP LI Pt PR SN PR U SN P S PV - WY L 7 151 7%

YY) Ao

VESYNY e il o fu b
VEXTN e 1,555k g b
VEYT N e b
VEYT N oSBT el g )6
FoE ATV ol Ll
TYAV-YYYA 2 S Sl Ll

e YO oo Ghgal j0 Lagh allie glgie ((VFF) pb ( Solgls ol gl
https://doi.org/d
QL&,.Q._/' )5 oEiils ).M:L:



https://chemedu.cfu.ac.ir/
https://portal.issn.org/resource/ISSN/3041-9271
https://portal.issn.org/resource/ISSN/2717-2279
https://orcid.org/0009-0006-1084-4735
https://orcid.org/0009-0008-8704-209X

Research in Chemistry Education o D jgel 3 ko

doddo

2,08 0,Lol analar o3l ol po (gede s (S g JUETanld a el O350 S Glge oo s S
Sl Gl yo B 5 @olaml Sis (58 JS corge aSly S o oS pogac ST Ll 4 L 4 el o
Ly 5 i (6,50l ol sloml cinsl by g yoeid Sl o e pos 4 SleSl a5 (9,0l 6lis ) 395 o
OF Y S g 5,0laS) Sl 1055 2 slodag Comeal 5l cale S8 (sl (sl

i @) e y05 sl s sl yal, b wile) )b lelae 4 Wilsi oo Gligel Hils (65T 0k ogmi ol
g S 8 L)l 6 S ol alides Slegdge (rm willeh ol 8 a5 wigd (b slaisS 4 b 6Tk slad S
y ol lgi sed a8 ol o8T auls odae LV F Y coaliB) 0l s a8ly (S5 Pl J> 5 Goos ot 4 45550
LT 4l it JB slogyd L lages oligal ol )8 Jiine olgel ials (83 @ 955 503 5l s j5b @
w039y Sloyzs Juols aiuils i (VoY (1,500 5 blas)) aijls 095 Bkl Lase g ol 5,90 50 oloowy!
ol 35,35 o 5l (6 S olm msol anld a5 ates ailyy, Sw) 0 ale 0,5 5 code sloossy sunlie
s F30 6Tl (VT Y Il 5 sobliper (o)) disdh ale mealis 50 wilo watilyi o laatadls iy ol 5
00355 0ly 5 Al b S S57g0 BASL g iS85 bl LS Sledol b syar SleMb] a5 sl s 3Ll
R8T LIE) 05 0 00)0dS oz omed 5 0050 JLS 50 eedlie bLI )| (SeSz (a0

5o ol Cudbse so) canlio a5 sl g ey E3S50 (lisel SIS 0yl y0 (ST 1l 5l lelae alST
23 b e etsgel s (ol G151 (o olsie 4 Gy sab, (VWAA cgimml)) Col s 31 o5
WS S0 1y oligel il g 45 a5 aigl b sS4 b b g, ol iyl sele pdlan Sy 9 (5,500
Slosig; 2 455 (hjeel pllis o S5 sla iy 5l (o anled (il Al 5 golil S 4 | el asLy
Gl 50l ag S0 Sug, 05 g0 metlis (aly S35 5 Beee 5,50k ) ile 45 sl jgmealibl> 5 i
G5B 650l ¢ sole pualin b og3 sloosy] dulio 5 caseds Slo,z 5l eolatul LB auas Cas b o550 il
Ohigelitals a5 aiS S8 (6,:50k ALl ad i 4 Wlg e (2SS g Ll Jols (udzen bl s
Sl She b as aus QLN alaghs, Bl Glekas gl dieo g cilide slaclans 5l aS sas e | (Sl (]

L5 5 By Ja ) s S8 e (6ol 4T 5 b s a1 lasT 5 sl IS5 gl ls 50,9

! Redhana
2 Gabel



Research in Chemistry Education o D jgel 3 ko

‘M‘?—i‘SA u‘)ﬁ..m U"‘ wu‘ 6)5].0 ‘50.15 ML&A )‘ u‘)&a]wb w)ola 9 Jalc u‘)}.m ‘va..uL».w ‘U"‘ » os)LC (\f’ \
AOTAA G503 5 59,80 W05 i cotdaS & Sules 50 5 Wgd ilise woalis (o gezee bL3 ) 5,185 5l &le
O gl slixe 4 bale jaai aSh 1050 00ls GleMbl 3508 b oloil Jdo a4 a5 Cns S j0b rly dalé gl
lsan (Jle plsie 4 (VN0 (1500 5 " Sligas) ol Gl sale ciy a5 L ool tils 03 30 pogde S iy 5
Gy 4 o5 Fwl 10 Ll aiS o J1,S5 1) ool Laas slaoly Lads (Vg 4y o557l plKin l5gel il
(g jpdeste 5 S0l JO) diied ez >0 5 Wyl pagase Ol 5l aee S0 5 witwd Il sogghe
ol |y Slygad ol B oS oM 5 00,5 azgi lygel zils Lale glajsl 4 cdo b ol pledae ooplply (VF-Y
s 5ol sl slal aSh (S o SwS (S0l a8 ogage ar s a5 pladl pl (VY (1,0 g blas ) ailes

A)L.u)‘sc 6)L ‘GJs MLQ.A )Jd.auo.c sS)Q e §O ‘) u‘)y—lw‘o 9 \))LMGQ rg.b‘).s OMT

pole plo g gord e FEree 50k lp &5 s ook (1l pealie ol cond (owyd slaasliy
SIS 4 aas oo L 0T (2L lizme 1 8L slaslods 5 (oot (ell oo g on Jlod 4 (5505
09 125 0518 (VL ol el eemlae Sy (Yoo VT lo ) diian (g 54 iy slads Lo aiejls o
JSin o (sogtio S5 50 lipal Bl yii gy walyss iy ISl (Folos &) (gord melie 5 by 1o o o]
Sl o 0 oligel il (Jle flsie 4 (VY ()] Ken  SI8) wigd 3350 Sl o atilgs e g 5,lo
4 Sl (San gl g oo atdnS Jlre g wlazlse pla tllr b Ga Sisn ptde 5 G DS S somam
s gy L 45 5l sgzg Aoz Oy50 4y cailys sl J5STgn iy IS ppi il 4o a5 S g colizd]
O 5 sans 30 (650l O lulid (ol LOTAD w8 onsl) Wil Lo [S505, ) adVlgsS alS b
el 65570 S0l O] 08 Sl
Obialal a2l lodes silelan 3,8 o)Ll 25 3 M50 2 (lyi a4 At I35 51 oS 5 5 sOe Jalse
a1, adg, 50 993 hjael 5l cddu e 4 Glelas les ST S0 sty a1y ualie yljeel il 45 0sS Juol>

as Lf““)"b u;.u.w (_gl"bu"ﬁ) )‘ oolal ‘5..»)9.,0" ‘_;Léqu) .(Y’\/\ crksssl).JLm 9 41]‘.\3) [EOSEW- (o Sledb|

! Yumusak
2 Sirhan
3 Fadillah and Salirawati



Research in Chemistry Education o D jgel 3 ko

S5 s caege I G oulie mudgd clasd o il § (55950 e Dlorndgd ) ized e Jlad L 5 gmreplas
5 S bl rge 4 axies Lolse alaz 3l a8l LS g wanlie 25,5 snol g eaisS S Mol
250 o yd las (SVU ez w0 SLS Glgizme (Y VY (1,00 g Llas,) wigd co olygel 2ils jo Sys tals
o loges 5l solatul ¢ puimmen (VYA (obloesl) 09 TS Pl g e 6,50k 4 e Wil o Al
Bl (VF-T (g jmaemme 5 2501 o) W5 S (ootdeS on & Wl os b el laJle 9 nslas
2 5 0l pae plpl Col o e oyl ool Sy0 (slad,> asalo b ol 4 w0 40 aBle ¢ 0 4 ylj9el ils
e 5T e cslactls el s s 5 o 31 (T 1Y 5155 5 V5Dl e oS
5 o) sl 18,55 pealie 51 T a0l 5,5 al s i BB L3 il 5 ol § Ylaad ¢ S5
s (3T 2 See Jelse (o o by oad SO Jle 4 azgi L LOFY (hug jndeme
Sy ol bl o 4las Oligel ils 5o o3z ol BYo 51 (S gl a4 suw sla g, 5l eolai]
2,5 S b ooideS 6 IS 5l S sl b 1) @ Olsiee D9zse (o) 5 ooy Slme b cenlis 30,
S Wlod S (Byme ey Fge S paly Syl ]y (S Lae a5 GBs, (ITAD) Ol Ses 5 s
Slaal 4 oliws gly oS 6,8 b g S8 sloeg,S 50 B aas oo |y Gl ol oyl5gel jils 4 25 Lie
Sty ik b s Wisales ;00 Sl aiilsioe (o) @ (gl s« ol iz )0 i3l (6 T0l 4 I e
Slp ligelmls aad iy, ol 50 VA0 (o Ked 5 jlans) 65510, oS Sl w9 0B 4 wilise
5 0% 6550l S s 055 650k Sudstue pogdle 98 0 g A (o0 N (ore Bua 4 litwd
el bl a5 1o e St sl Hn] 2y il 5 e 50l
5 o) wb aelss T ezl b Shg 5 (29,5, Cush (olipel s (g il Ghalidl ( I
Sy e 225, slalas a5 Wil S ol 053 oo 5k (1¥A3) o Kas 5 Sleske (VF+) o SleS 5 i
5 i (63,38 slacidlad o5 ,S g Sodums Ygens il ol ol 3o olyeel ils 6,50l a3l )
Oyl il (o095 Sy Goyb 5 Gigel s Gl 1) (650l Sl il oo o Sljgal tils o 55
Ui T3 ol 1005l STl a1y 093 slaaioail g Sledlbl g oS §5uas oS b as o oo |y 8l

wl 5 sl ome Culan 5o plee &)l winils (hjgel (g, cnl S 3 iae Laial, S olsie 4 il plae

! Akram



Research in Chemistry Education o higel 4o rg

laceadly JEOl o (Ghjgel jo Lo Baa 15 el o Plue Jo @ 5 dtes o Jlgeo b 08 32925 1) ol5901 800
AT Gen 5 Glorls) 0l oo 55 Jilae > 5 ;S5 0g0ni (i3 gal aSly s ol

OB wgs 1o aSul slo 4y lygel siils T 50 a8 canl (g, wcadlad s (5 S0l (V1)) )T aiif oy
O e Slaas; L 9,y Gl (VN g AlS oo 085 (680l anl B o Jlad sk 4y il Jeiie
2 O3l 1 (e (6, (©0) 5 DS o jgel il o8 Lo g Jled (i () ralozr 510l sage glosgles
oy b dunlie ;0 sl oyd (oS 0 Cudie (5,50l (lad G olml lidas paie 90 (pl 550k e S
o edld e 550l il e Sgame |, CuBS 5w el 4z g (LS I & Ygane o5 8
e 4 8,509, cnl S (oo a5 Gilisie (6550b slagby,y b aglae ln 1) oligel s <S50 (o)lnl olgie
o 50 Oy G IS oo SS (hjgel zoln plad o golil SE ol s drwgi g (Hlawsgs (S0l
b glad Li> 5 wilge ol (rals sl (I L g oS alulid 1) 95250 alse il ol .l Gl jlows ai T8
(VgD sl S8 olygel il Sl il g lasls s S0 4 (o58S (6l

69,8 slrony!l o bL3 ol 5 7 2ils (oS 5 eyl 5l eolainl b (V- VAT (Sho g ooly 85 S0 iy 4o
S e |y elberd slomaSTy b wis,S SaS w20 4l ligel Lyl s gy (slasjlupms 5l ool b oglis
ol o 6y bl atidll g odsd Lbieel dbpanzs oyl 5l ool b 45 g S wols oLt b oS
pelie 5l St (S50 608 SLS ligel tils 4 prizen by, cnl LS LBy bt sla STy calise
(V18 ¢ Sho 5 005 8) At S 10 Silatamas 90 4 |y it glbony] oy bl | 5 aiil axsls laoayay

ol (V1Y ()50 5 Tl) wiioy gug Al laclled L lgisa |y ple 4 Cons (805 150k 5SS
9 5,3laS) S Cogi Glojen yob 1) 5l 5 (e slac oo 45 Wigh it AN sl 4 Wb (gl
Slez 5l g pSol wad e ol (Bjsel (5IeiSE (VFY) ol 5 5sliS slaandly ululyy (VFoY S
Sledbsl (5,58 S @ 098 Slegoge plod jo (6 S50b Cdyin sl labawy g wos 7, sl Sas &S (5,550
1y s slagts; (2l g 9551 wal 3 Gligel mils (sl 1) 330 5 (cagpie S0k iilys o oylabns «(535)535

o calio o g, 5l SO (gilwads sleslaiul (VF-Y ( glal g 5,5las) aums iuli8l cuw sl by, Coms 4

! Anwer

2 Taghizade and Maleki

3 knowledge integration framework
4Kao



Research in Chemistry Education o D jgel 3 ko

ool 5o Jlaiml Sz b g (SEL Sligar  Giipel sgacme ploy Jdo 4 plerd slagialojl 5l (6l oo
T 3 ol 5 285 SaS o plie S0 Saate sl (gilwdnnd 5 Joe 5l g oe (ulpls s T2l L6
Glotnd sl (adly 0T S5l ptaled Cld 0 by, ool (VFY lilley) 05 Bk 1) il slaesd
oolp S Gl e dgug g 4Bl il SE gl 1) Sio g wiS e oS et SE Coghl 4 (Bjgel
SoS 5 550k Wy, @y coslanl Sl Oligelisls jo addle § caolin ol s i3 oo o] Lo 5l 0sS oo
Sl sl F5e (Bl Sl Blsie @ Wil s Bisel Glacsl (0T Y woliBD) o5 o Lol golinil S
393 Sledbl (B3l 4 w3l S8 A Gligal s 03, 18 eolinal 950 (el 5 edizen Alas S0l
5 ol 5o @3l GREOYAY (lo) 5 6ym) Wipns (@ Fres S5 4 eyd pstie 5 Lo g Wijloy o0
1 5590 T 5 (oo llan ppmiins ol 90 4 Blgisn 53k e 55 el oo sl S g ks p o 2
5 FEes GRSk @ e (5Tl sl e o aBle 5 55 obml b 3k 5l sl e sal gl il 4
OFY gond) g (o) 0900 5 lb
5 ohgelols aand o Slee uizmod g (ol 5 Wb pole 51 (S plyie @ e ple Ghjgel (S5 5k @
Ban byl andllas el (S0l 5 Gojsel atil b oo 5 2l 4 5l caies (LS wad slml g, slocatdS

sl 00 plowl pole o y0 (ol ) (230 ey STy GBS 5 Rl ISl S 2L

OB 09)
33 95l sla)liSle Sore uja5 059> 50 (el S5 g osalie 9,509, L (ponpldl (Bg, b g ()
5ol onds plnil (M55 a4z @il " Glie b it 02 psle () dlawgie Jslojes (27 psle oy
SR a0y gy N Jpens Csls Sl gyl j9am pilias 5 10y 60Tk b cnl el &5 ]
Ol 5 hled wtome (l 650k o i opdle oS (403 5 plodl dowsl) alagie Jgl 0)9 (el s e
Saw b adsl byl gl al>yo o (gl cal 2l slp wad Sl waals 1, (O cels 5l ey jpa>
EYl5ms gl Jol 03] i 6155 b g e 338 it 5 53l s s sadyl IS el i
o (g0 )l g whd 9 S )3 (IS ol ;0 4T (Slewbre 5 S ey (PupiS (i bl g oo
Olee L) 9 99290 Candg Sgate SLiwly )3 (plos pal) aliee S0 g (Lol 5l Gy ol plonil (ool 5 LSl

aw oSy Jonx S5 ) lgel il &8 i b alojo 0 3 5 12l 5 (olb (olieel il 6 S0k



Research in Chemistry Education o D jgel 3 ko

el Sale) (23590l ohid 5 alailigy Sl eoliial pgus al po po 0 Guiimez 55550 032501 5 98 a0 00
388 plnl S Wgm oSS g (9 2SI JUE pogie fie S50 5 ey Sl Gl sl OVF T (L
Sl 50 nyed (lsie ar Jlgw (paiz g o ooy Gialed jaed g 35,000 Glaggisinl 5l s nslal o)l al>
A2 syl 5 alS oy 1) 0g5 olitil cle iy ol (o) 2 b dials abge Qlj}aTdulo RUI g It O\)'yon;.Jlo
c oo olad ¢ ooy d0e  codl dae Juld (adl Sledldol & SVY (Cdlas g0 g o liul) 5o ey al> ey
OleMbl JroSS 4 ¢ 89,5 JSb 4y 5 50085 SeS L b ab ols (g0l isls 4y polie (49,580l 5 (9598 (g9 Slass
ole alizie Slio 3590 50 (Bjgel 53k 5 el (ssl> 45 lead Colu piid Al e )3 5jlo 0 IS 58
sshite 4 Sl jo axms Fuly 1) Majles @31 SO (tse la il wiad dibge oljgel Shils 5 ol B pme ciol
5 ome Vg lgil Jolds Sgajl puy onds ooliul a5 0 paly (pidu il 5 oligel 1l 6,050k Glime (mnss
235 Jelo g dalie (903l @S L ol @S 5 ab S8 o lslme 5 JSKS ousy (i (e el
2555 5 Gajgel o i 5 ol a5 S bonds 75k glagien Jliel 5 s (ouyp Saz rizeen

2005 90l o9a3lim 5 O9e3litm Slagiem n Jliel 5 (2lgy 5 0d Sygie o) (nl o licele Gl

PO

Jolae (g, b asdllas 5,50 9550 550k 5 w8 Ol 3Ly ST 5 o (3L IST (gl 903 tm T
5 IS8 oy 9 Pt o gl cbales o Jlg gl ol adsl (95T SVlges 0 S 2l 5 Sk Gl
as aazsls Jass ans (OYlgw 5l (S 0g 0 el iy g Jlgw A Jull g as B0 Y. 9051 Ole o Lo Slowlxs
o 3 ot o 5 55 5 lgn 4 i o5 g alien 5 Slodone B gt gm3ly HE S Sl
O JS5) azsls oS llae

D91 2wl BB LS e anllas b aS 540 T 0aijles 13 5 w3l LSl 0550 50 SYlgu ol AT 5) Jlga

oy o atulss ligel s Sl ol gogr (3 e 5 )T @l ln e Joe Geb @l LSl oy Y g
cde auslen B assl asls Hlsl o1 (SO SILL pagie b ctan o LSl mus,y 50 S)lee o ogdle aub g0l il
s gedgs |y il ol (090 (2

390 ol 6o )5 5 Coiginl patie 4 bgpe SYlgw (nl F 5 F Jlgw

dls o |y (he 5 Sute (ygr Dgl il Ll el oo Jlses il @ el sl 0 I

AR



Research in Chemistry Education o 3901 50 GiBg

a1y o1 sadly ) L3 sloss oo 00l 0,3 b g o3l dae g o> dae @ az g3 bl ol5gel ils Y Jlga

S o 1y g o0k, Jlasl ) oslimul b aiils o

SR ()l 53 anlllan 5590 jaol SIS duw (yg03T iy s N Jgu

Lol Sl g o )

= Wow cyie ¢ stolad > X OSS-. WE. =R e
09 9 195385 9 9y oy 0.¥0) | Jlows FZERAC | 09755501~ 19,395 ~wpdg ey« VO | Jlgw
el adl 33 XK (a3 0.¥0 51 o) ¥ Jlow

>33c (o 0.¥0 1 0.¥O) ¥ i % i
G I e 097595 097 9o oy 0 ¥0) | Jlgws

Kep)) Vs il 332 K oy e ¥0510) ¥ Jlgus

oy 1) ¥ Jlows
e e
<‘O»' i h P NG O% ]

3513 ©gliie (39,395 45 el @l i(epes 0.0) F Jiges
3515 212 939y Lol

Cudo 992 v (6p030.0510.0) O Jlgw

OROT o 9 (555 Adlg5 oy 0.0) F Jloaw

15 @gliio (19,395 &S (> @31 oy 0.0) F Jlgws
S (0 eignl |y
e 592 K (e 0.0 1) O Jlgw

Sjow el « yloyd 9 lwlish (603 0.0) F Jlguw OF S 9395 45 (o @31 &) (ap03 0.0) F Jlgw
L syl Sdad wc) 257 2950 939521 ! Sigldiio L
opa31) Y Jlga SoP! 9 (S o ahe (992 b H(epai0.010.0) O Jlgw
opi1) V Jlow B
A oy 1) ¥ Jlgo

S R=curop,

7

Alah=pp

Bl (omiedjle.d) A Jlgw
Bl | i(pmi0.0j10.0) A Jlow

P igusuo gl Guwly slass Vigao gl uly Slas v Bl (o e.030.0) A Jlow
z B ¥ rhle gl gusly slass X
o :halz glo Al Slaas X & ¥ :umuo (sl Sl Slass
o sy 5931 390 © SR Vi gl st ahass XX
ol 09 3! )
0.0 15wl 3)lg0 8y A o 1wl 093 S)lge ©

LY 1 wd 3)lg0 6505 A

09031 e Sy Al 5590 jgol iils dw aoligawly .V JSis

L2l 5 b (oS 5 G S pely el LSl Gaae S0 50 lisel 2l cans g gejl i il 4 4z b

9 098P OFIn 0% dw sla Sy Jgaz s 50 ligel ile SeS 4 g ab (5 y9lol g prdgs e lul o
St 092 b bl 5o (el 990 ol Soliz g 5n Syo gl b ganpe e aslie sl (9 xSl
b b BLI) 30 (6,505 5 539,000 pgisnl b bLII o uSe Gialad b aslol jo 0l iyl Jaie 5 code slagys

Y JSC5) 020 el 1 00 00l S¥lgun 5 sy 03,5 w3 il s 3 51 a8 Jouz el e alys ol g g

VY



Research in Chemistry Education o Ghigel 59 g

Gely s atwlgs LT 51 ecd 3 15 Gl Ll o 58 oo ozl ol5ge] il slaasbzwly cél s 5l

Mbub‘)byom‘ybdﬂjw‘w)o@bmebé)b)‘jmbcmy)idx‘_g‘f‘)b?
sae ¢ goil sae Jols )5 o 0SS LSS | (JB slacend [0S0 6 Sea L cd 5 )18 Oligel sils HLast o
B og a8l Sledol 5l Jidn Sy 50 5 090 gadiivne yaie (5,58l g 9,590 (5959, Slawd ( glondh Slad o0 >
5 w2 OiemST (p)S jaie Fa bge oI5 pl oS LSS |, & )5 wledbl plo a5 axg5 b olg0] il

(W IS8) 285 oo 3 50 5 L gl e 5 eogigil 45 Wsg: o jute

“m"" P >
o

Shaud @il Shad 92
2, 8.5 [2. 8, 81°

(Sodium) (Chlorine)
www.oloom-mh.ir Wth chiorine ... )

092D (gldigigisl

5125 5l S Ghigel 6lp (2lilig b g (SIS pglal slaaiges ¥ JSb
g SS9

o390l ils 09,5 bawgs molie dlos w,yls o1y oledbl oSS Y IS

\Y



Research in Chemistry Education o D jgel 3 ko

ol sl oals has w5 50 PBhe slaylil 5l (S a LS‘ZjBAT sl,lidle 5 5l oolaiwl asiyl 4y a>g5 L
Ol ooliil 5 (Byme 650k anl B LeST g yiden Cooliz dlwl gl (SaS NI G s 4 28 giluas
Al cole ol Gas .l a8l axwg Vg 9ol IS sRisls lawg a5 ! Q.;)m ngjsﬁ—l OIS PN W
O el ladly ) 5 (el o gond « S0 58 0529 & o sale alie slhaie; 1o (a5 ol slagsjluanis
G50l jo Jlad Djgo 4y g anS S0 g |y sele puplas U oS oo SeS lelas g Qljyid@'lo @ g lwas
o loges 5l eolitul o 4 39y (g par «s pdydales 5 (5 o0 Zolos (nl (oS Sla S5 5l oS Sl 05
OBy oy g sole (6Kt 42 3255 «(53lme slaiolej] claiz slaialed § (6 par slo e 5 lopioad]
SoS C)I)’yﬂuiﬁb @ Wilg oo aS el dolas g Jled (5,80l (6l aed 0 (g 1l (il sl cole oS oLl
igels md JB g Oli bgy a4l sele edizmy penlie oS
loplis b oS o g ad (Bhme olygel il a4 Magjlas o3l SO cend (d gileans cole aslsl o
Oligelotils 5o ools madgi sludnds o Slos o (i yo 5l Gl g0 S 5 Cole onl it sla i
gl 5l s s Aoyl o Shoe &)l g Grominw sl g 93K, Nl s ol la il pled wid aulys
b iy dw @l wy il @31 S Cond o lodd (nl ol el ST lsie @ e 5l S 0 o
Ogisn ol Jlaia s (395501 5 59558 (935 Slasd bl el ol i 5o (F USE) ol (53 5 3Les i
Jsozr o 1y yaie ol casdse o b ol esdigluoaned JE3lo sanlin 5 odle 5 el ki lagysy 5 Lags!
WJ99z 5 paie ;] CaaBgo odalive pogdle walitee (slayg g sl Cilo b )lg5 oo ol 2w ;0 .0,5 sdalive 5
3550 S5k Oliee bl sl 5 5ok wnlp JeaSS 5l g o5 poes 5 0,8 evalie i |y o] (pleard oo
aS ailoads b slaisS w ool ol oyl alo oy 53L ;2 a5 09d o0 55L Jz Jold 0,5 o )8 colaal
5 o0 ools laryg Sl g aygigs doygig slaws (sl 55L 5o 5yl aST (6,5l 5l o ai> S plaS 12
Slasi SaS ey il ool il pgs 53k o WS a1y (gl Jpaz o ol oule 5 sate g5 sl Seel il
led pate Sy (ol Joo p)loz g pgm 3k 50 S e |) S0 90 paie (0> Sus oud ool (allnj )3
3k ool plasl aiS JelS ) paie land slad ceslie e (g b Wl ol S S 4y jgel il g oad ol
ole peolie ol 5 Gres S0 & g el g Cuslia (09 e ecdllan S G ped 9 1SS S 4 o

A5 e Shle SaS

! University of Colorado Boulder

V¥



Research in Chemistry Education

o Ghigel 59 g

oSl yaic
o ol M
01085 s |0 ]eel 8]cN[o]F|ne
Na Mg alsi|pls|ala
2 1085 daad K [ca[se[ T | v | cr|Ma|Fe[co] N B |Ke
Ro| S| ¥ | 2r[Nb|Mo| Te [Pafaalca[ 1n [sn[so[Te] 1 [xe
0 205550 s Cs|Ba|La| Ht| Ta| W|Re|Os| ir | Pt|Au[Hg| T1 [Po] 81 Po] At R
R Fr|Rajac[ R [m]c G| ] 1 me] L[ s o
’\\)
= @

[ASTIFEE

[ESTE TR

10 100y 550 s

14 0y
7
S pain

lasS Al |y 55k

&8

)

{

) ¢

5105 e
CESTET R

5 105 A8 Slaas

R [

iy

‘ I
.
s O

bl 5 a9 jlu @1 SO s 5 glad PSS

) 3 P 1 ged SVlges lil ol (Sl 93T conds plomil il b ameti ol et 5 2l 2l sl

oo i g Jlges &5 Jalis (y9051 (nl 0 izl g Aok 0257 5 008 5 S0 il prlans a5 liwlre 5 S

(AJ&) AJM‘SA O% 9 p)‘ o..\J)’Lw Qbo sloss guvet) ‘),aL;.c ‘_,’_’L».M.) s Sles u.».wy 3TY kSN‘ J\.LA oy 609 &9.:

B0gr dsilys Lowsl g pledl )l5g0] y25lo .l Sgauion (590l 23l (6 S0l zebam g 0,05 4 i ¥ oz illas

SUS e 4y bgy o s SYlgs 31 LSS a4l jo ansl) aisls s Fruly OYlgw den a4 9 03, S 1, JelS 008

Sudo (2 S0y Sl Sl Gend 50 gl 09y 0ud olLBl s (2)15) Alge 5l (oS > g (Lslo) (7 JIg)

Sy o a5 Ay gs ool loxiel Jo Jlgw pl aslice SVlg 4y a5 iy sl 4 ax g8 b andl aS 0g 00,5 oLl

uﬁ; 'DL?U‘ LS»{LQK" J&»‘ 63) 9 KW J? L)“J)ls B g_:y‘}.w c).’>—‘ B -\....vl) ‘5._90‘5’ 9‘ oLA-A-A.AJ‘ ode

Sy o 50 axdllan 5y90 j90f 1S duw (yg03T ey gl ¥ Jgua

Vo



Research in Chemistry Education

o hgel 55 g

[
Lol

159352 2939531 i(0y05 0.Y0) | Jlguo

Caglo (492 oy 0. ¥O) ¥ Jlguw

sl 02 (0959 9 19393 (e 0.VO) ¥ Jlguo
o Ljydi g )15 a8 L 032 (595501 Lol 5,151

e

1395y2 09395 (655 0.0 | Jlguo

aio (992 (603 0.¥0) ¥ Jlgws

0959 9 s )2 09392 oy 0. VO) 1 Jlgus
a0 L5 039380 9 Vpauis 02

s,
119532 2939521 1(0yai 0.¥0) | Jlgeo

Casto (993 0y 0.¥0) ¥ Jlgao

909595 9 )1 £y 9, 1(eya 0. V0) V¥ Jlguw
)13 (solme 032 19392

Cawwl

39502 332 | i(opas 0 12.¥0) F I 0P 2 3 v (o0 YO F Jlgw W 0959 s 338 1 Hope e¥010¥0) F Jigus
OPP-22 v emie¥0jle. g i
05 Lo @1 4 (oye5 .¥D10.¥0) O Jlgus 0BS5S L E |y (oa 0.¥D 1 0.¥0) O Jlow 0B)S L @il (opese¥0 1 0.¥0) O Jlgw
) v opie¥djle. ) - o '
Sgduse Ja2s5 e (92 4 92N Vgdue 2345 (A0 (92 4 9y igidire Jads3 hie 92 4 09l
asol Ll s i - (op05 0.¥D jl o & -H (oyai 0.¥O jl o) F I
e 3 daghiis V' (oyeso.¥O oY) F Jlguo o umaid doghiio | (o o.¥D 10.¥D) F Jlow WY _umad doghiio X (005 0.¥0 jl0) F Jlow
o0ys51.0) ¥ Jlgw Aoy231.0) V Jlgw Hep31.0) Y Jlgw
e L <0 = » |
@) o o Bl
N A v \\ 1R e e VaAsia
\— LaAT e o
o ) e e 7 ' fa Yo
(0051.¥0) A Jlgw X 4 ’
Nty S -
(0503 1.¥0) A Jlgw 4 (0,05 1.Y0) A Jlgw
S UC PR i - y
=valz\ P “:’:" " e 1
aata —l - =

(05031.¥0) 1 Jlgw

(03 1.¥0) 1 Jlgw

nAnSvae A \ R

. PeE ¥
e Sats SRt X Een v
€4 CemtadA n.:,\-‘.r.
RS S e aeay Yeg oo

) (VS W B PORY

e 03031 sy axdllae 550 j50T il A dalieuly .0 S

G35 A 9 Sy
(sl LSl b e o colie 1 0594 ¢ gond (j0] 4o (o1l pemlan S0 )0 39250 sl illr 4 az g
Wiy ol )0 e GroyShg, Sl (o wsd oo bl G Sl Gl ey (og Slaghy, Sl esliil &gy
Ohgel ity (6 S0l Japud 0 Wil o a5 el (1S slailes 5 (D50l (slasil dagsloans 5l 6,050 2
S 3loters 03,5 )0 CS ey (S (55 0k el (b aghy cnl ol Bas il (pl o a5 S
St ens aiile (lovazmn Slegiga lp (bi90l slagsil 3l esliiwl § (S35 5 bgy sloiales (s5luopms
sl 5l S sl> g ligelmile lul g SGaes S0 4 b oy Logisnl g (S9xUl slaaY cud s (ool @l
a5 alesl 0550 el ils aus adgl (uils whans (o5l sl (Gge)T i (Jsl Al e j0 S5 yomie catdS

Lol cslassls osm o Slee Jaas> O¥lgw a4 Zuly )0 pledl g Lol wiils Olsgel iils ) r s ob plas b

\#



Research in Chemistry Education o D jgel 3 ko

Gl 00 S8 A 2 (riores (VS5 5 ) Jouz) wed uly SYlge cpl ay ailen 5 0g 550, (pla Al Loacsl,
w42 SUE,] Sl myoS P9 et 4 5L oo las @l (nl Wled S Jes cnd cegie 5 (P p5 DYl &
GSep Lol plnl (oS lie 5 ol by 4 cdllae oz a8 pslate (pl gl 0g pelie §Ees
b G 22355 (5910,5 Jgaz B o 0395801 5 lagyg g dagygisy Jald (sailpns olyd (sla Sy o)ljgel il
O S Nem S8 (S g 098Ul JEST an T g e Cude g LSS (SiSx (oleilsy 3l ol
S8 olsgelsls 4 asly wiog Bl LM s (5 i Cunli L a5 laialed (al o 00t poal 4 IS g mae
O3asdee Slogsnl 5l s pglal (s S0l Cugh sl inl popdle WS S0 S T (g S JE pogde b io S
L colol 5o (Y JS2) a2 gomly i yed i @ Jlgm iz 4 8 Aol ligal il 51 5 aalo tales @ 5and g
Wb anls Glgel uils 5l g ol pald Slaladl o)l tom 5 mudsi ln o (ligel Gl lagly il
Cadstons GO Sy (o Slgw 50 355 slackiidl e 4y 5 wes mede 09,5 slasl sl 1) 9> muly
oS al ool _ 5,50l anil b ity (656550 5 0565l 5 e 4y Slael Cus 4 mie jeel LM 4 (550l
Sl sl oslanl b Cdlas cods g j550 sliwly [0 (uizren 8,5 SaS b g drmS Mol g s Sy 4 el )
(o O a3l vae ol a5 ais sy alide yolic 4y by o Sdbl s, 5 LSS 4 aligel sisls (9,5
3ol LS ey 6K g Loles i35l g L5 5 lonedlad oyl 0F IS0 55 aoloand ol 5wl 5l )3 olotas
2 Bl Sk s Gpel Sl o5 2 sluad Coles 5l G 0,8 Cas 3 1y gl Ll 5 05K asly v
Iy 093 5ol e B oS oo S ylj90ltils 4 oijgel slassb (FUSt) o oolaiwl g w51 Lo 5,90
lyselsisls o Lol slogsil o gorio gl (slsiome 4l b aisS Llulis ) 055 inds g g blis 5 aizeies
Cog (ooiln 3 olaws arulne aiey ;5 1) 393 GO ke (AN 5 S 655k e ST 5o Wl o
Sl 4o LQQ—‘ 0,5 5 s Hllgs cdlas Syo g Laa> 5 ogdle L’)l)'yjui..;l.) A 0gd oo el 9,509, (pl oS
S oy s 1) (A8l
5 et i DYlgw Jolis a5 0l oLl bl sl Tl anld ol bl @ly waled o
ool ol @l g aye ) (b it eeplaa 1 el Gils Sy ot jsliie 4 gail (l 09 (SHlimslons
s ploul JISl 28, 5 ol ools essi OYlgw prsee Fewly (LL o 09 ol Sl o TSI U
xSl > sz JB 2oy eaimoplas SL g adsl slaiygesl 5o oligel ils Sl yed Jelos (OS5 ¥ Jguz)

ob\._S,a)f)...u u;‘l.&u.».]l.’ﬁ r:l?u‘ 9 LSQB; )lf su,w...o.ul 9 pl..ﬁ u,uJLo.i Ssle ‘_,’.chu u.....:)..\.i 6Lbuo9) )l oolawl STV l.a:u]

\v



Research in Chemistry Education o 3901 50 GiBg

1l melie w4 55 Glisel2als (saiailss (ralil ez se « jsel slagsil plonil 5 (Sl Jglazr (43,5 5 wile
9 A slagby, 655,15 4 a5 was e las gl onl @l (PSS T g02) wo S (eiln JbSle b
Gilwad g bl g bgy (S31)T gl g el aiile slailu, slas ,5bd 5l oolaiwl dloz 5l e o jo5 yo Jolss
Colos 5l 5 Fmes Sy oSl ciesl 03,5 oS 39012000 Dl pad e 4 i 4 (S5 5lke 5 (29,5 slaclad
Syt 4z s i) al s (23550l Ol paelin g Olalae 45 093 o0 slgitiay 0l Closgod ol 8 551, (ool
CetnS )0 4295 BB g Wilgi o pladl pl 05,8 ST g eailuS 0g5 sy anl,d ol lagl g ansl asls

0l ALl ol jod 4y sand ple 5,50k 5 )90l

axllao 5590 3907 ils aw SLL 3 adsl yaoil s duwslico ¥ Jgus

M)OW){W'C’{‘)Q

Cow yd by duo 0
3901 iils ol
\ A Lol
) 00 elel!
AY.D £ sl

0303 o 9 0303 Ui 4 dSuly (lie anglie

Bose)l Ghy W sl o

120
100

80
60
4
2
o el anal

Oligel Gils (2l g adgl (a0l gl (glawm lio Hlog0s .7 S

o o o

&l oy

el oati ol (B sigsi gy gilie 5l aisS 0

A



Research in Chemistry Education o D jgel 3 ko

&b

Afrooz, H., Ezhe’i, J., Hejazi, E., & Moghaddamzadeh, A. (2019). Academic Engagement in
Iranian Highschool Students: A Qualitative Study. Journal of Psychology, 23(4), 354-371.

Ahmadabadi, Z. (2020). Study of Misunderstandings of Chemical Bonds Based on Johnston's
Triangle Multilevel Thought Model. Research in Chemistry Education, 2(1), 25-40.

Aghazadeh, F. (2023). Designing the learning activity with the approach of solving the
educational misunderstanding of the eighth grade student in order to teach Bohr model
drawing. Research in Chemistry Education, 5(3), 28-42.

Akram, T. M., [jaz,A., Ikram, H. (2017). Exploring the Factors Responsible for Declining
Students’ Interest in Chemistry. International Journal of Information and Education
Technology, 7, 88-94.

Anwer, F. (2019). Activity-Based Teaching, Student Motivation and Academic
Achievement. Journal of Education and Educational Development, 6(1), 154-170.

Asadifard, P. (2016). Methods to reduce academic failure in students. The 9th Conference on
Chemistry Education of Iran, Museum of Science and Technology of the Islamic Republic
of Iran, University of Zanjan.

Bimesl Sherbafi, A., & Pourshalchi, H. (2023). Effective teaching strategies in chemistry
education. Research in Chemistry Education, 4(2), 222-230.

Dehdar, M., Sotoun, S., & Balouchi, R. (2016). The effect of cooperative teaching method on
social skills. International Conference on Modern Research in Management, Economics
and Humanities, University of Tehran.

Delangiz, M., & Mohammadpour Yusefi, H. (2023). Common misunderstandings of chemistry
concepts in experimental science books in the first secondary school. Research in
Chemistry Education, 4(3), 277-288.

Fadillah, A., Salirawati, D. (2018), Analysis of misconceptions of chemical bonding among tenth
grade senior high school students using a two-tier test, AIP Conference Proceedings.
Gabel, D.L. (1999). Improving Teaching and Learning Through Chemistry Education Research:

A Lock to the Future. Journal of Chemical Education, 76, 548-554.

Ghalkhani, M., Ejtahed, Z. S. and Ahmadi, Z. (2024). Teaching the subject of ionic and molecular
compounds based on visualization and games to prevent misconceptions for the students
of the first secondary level. Research in Chemistry Education, 6(4), 23-43.

Heydari, P., & Zamani, A. (2013). Classroom games in chemistry education. Conference on
Chemistry Education of Iran, Semnan University.

Iran  Educational Website. (2024). Teaching ionic bonding. Retrieved from
https://www.aparat.com/v/Vbaon.

Kao, G. Y. M., Chiang, C. H. (2017), Customizing scaffolds for game-based learning in physics:
Impacts on knowledge acquisition and game design creativity, Computers & Education,
113, 294-312.

Keshavarz, E. and Moshkbid, F. (2023). Identifying the Pattern of Correcting Chemistry
Misconceptions and Promoting Scientific Culture. Popularization of Science, 14(1), 83-
100.

Keshavarz, S. M. and Amani, V. (2023). The effect of technological teaching method on the
learning of high school chemistry course. Research in Chemistry Education, 5(1), 1-12.

Pahlavanlou, M. (2023). Augmented reality in chemistry education. Research in Chemistry
Education, 4(2), 183-199.

4



Research in Chemistry Education o D jgel 3 ko

PHET ,( 2002), Physics Education Technology, https://phet.colorado.edu/fa/ , 2024.04.20.

Rahmati Hassanabadi, F., & Paydar, M. (2023). The most common misconceptions of 10th grade
students about the basic concepts of high school chemistry course. Research in Chemistry
Education, 4(3), 347-360.

Redhana, I. W., Sudria, I. B. N. (2017). Identification of chemistry learning problems viewed
from conceptual change model. Jurnal Pendidikan IPA Indonesia, 6(2), 356-364.

Samadi, A., & Dini Torkamani, M. (2022). Active teaching of respiration as a biochemical
process in high school. Research in Chemistry Education, 4(3), 29-36.

Seyfi, S. and Rashidi, A. (2023). Investigating and simple teaching of periodic properties of
elements to 10th grade students in the periodic table using games. Research in Chemistry
Education, 5(1), 40-51.

Sirhan, G. (2007). Learning difficulties in chemistry: An overview. Journal of Turkish Science
Education, 4, 2-20.

Soleimani, K. , Abodi, J. and Khojasteh, V. (2020). Improving Students' Interest in Chemistry
and Laboratory Lessons by Providing and Improving Teamwork and Practical
Skills. Research in Chemistry Education, 2(3), 37-48.

Taghizade, A. Maleki, M. (2019). The Effect of using Dynamic Visualizations and Knowledge
Integration Framework on Chemistry Learning of tenth grade high school female Students
in Tehran. New Educational Approaches , 14(1), 1-14.

Yasini, A. (2019). Determining cognitive structure of knowledge of students with using
Knowledge Space Theory. Teaching and Learning Research, 16(2), 73-86. doi:
10.22070/t1r.2021.3317.

Yumsak, A., Maras, 1., Sahin, M. (2015). Effects of computer-assisted instruction with conceptual
change texts on removing the misconceptions of radioactivity. Journal for the Education of
Gifted Young Scientists, 3(2), 23-50.

Y.


https://phet.colorado.edu/fa/

