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ABSTRACT
Background and Objectives: Education, as one of the national development sectors, plays a crucial role in
shaping future generations. With an emphasis on emphasizes various educational dimensions, the Fundamental
Transformation Document of Education prepare students for global challenges. The biological and physical
dimension focuses on maintaining and promoting students’ physical and mental health. Methods: This research
aims to examine the extent to which the educational content of the eighth-grade chemistry and physics addresses
the biological and physical dimensions and its alignment with global standards. This qualitative study examines
the content of the chemistry and physics sections of the eighth-grade experimental sciences textbook. The data
were collected using an evaluation form for biological and physical components, and thematic analysis was
employed to identify meaningful patterns in the content. Data were analyzed using visualization tools such as
tables and charts. Findings: Out of 273 analytical units in chemistry and physics, 42 units (15.38%) refer to
biological and physical dimensions. Out of the mentioned units, 10 units fall under environmental aspects, while
32 pertain to human aspects. Additionally, the component of recognizing materials and tools has the highest
number of representations with 10 instances, whereas awareness of organism actions and reactions has the least
representation. Conclusion: The study highlights inadequate attention to biological and physical aspects in
eighth-grade chemistry and physics curricula. It is recommended to develop a more comprehensive curriculum
to better meet students physical and biological needs.
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Extended Abstract

Introduction

The Fundamental Transformation Document of Education of the Islamic Republic of Iran has been formulated as
a roadmap for improving the country's education system. This document, emphasizing various dimensions of
education, aims to prepare students to face global challenges. The biological and physical domain is one of the six
educational domains in the Fundamental Transformation Document of Education. This domain focuses on
strengthening physical and mental faculties, combating factors that lead to weakness and illness, and protecting the
environment. It highlights the importance of sports activities and healthy recreation, which contribute not only to
physical health but also enhance social spirit and cooperation among students.

In chemistry education, examples of biological and physical concepts include teaching laboratory safety, handling
chemicals to maintain physical health, providing opportunities for green chemistry education, examining the impact
of various chemicals on the human body and the environment, teaching proper use of cleaning products in daily life,
and analyzing chemical compounds in food and their effects on health. In physics, topics include ergonomics, proper
sitting postures during study or computer work, examining the effects of electromagnetic waves on the human body
and ways to protect against them, teaching the physical principles of sports movements and their impact on health,
and exploring applications of physics in medicine and medical imaging. Aligning the biological and physical domain
with global standards is a key objective of the Fundamental Transformation Document. This alignment involves
adapting educational programs to global benchmarks such as UNESCO guidelines, employing globally approved
active and creative teaching methods, and establishing quality indicators to assess students’ performance in biological
and physical aspects.

Given the importance of this domain in shaping the learning process and identified gaps in integrating biological
and physical dimensions into chemistry and physics curricula, there is a need to design comprehensive school
programs focused on physical health. These programs should address students’ physiological needs, enhance motor
skills, improve bodily systems, and strengthen physical abilities. Alignment with global standards not only improves
educational quality but also prepares students to face future challenges. This paper examines the biological and
physical domain within 8th-grade chemistry and physics education, identifies strengths and weaknesses, and proposes
solutions to enhance educational quality.

Methodology

This qualitative research analyzes the content of the 8th-grade science textbook (146 pages, 15 chapters), focusing
on 3 chemistry and 4 physics chapters. To collect data, an evaluation form for the components of the biological and
physical domain was utilized. Additionally, a form for assessing global standards of health and hygiene education was
employed. This study encompasses various elements, including text, images, practical activities, and assessment
questions. The primary focus is on the two domains of chemistry and physics, with each section being explored
separately. To extract and categorize data, thematic analysis was used, which allows for the identification of
meaningful patterns within the content. This method enables us to uncover both hidden and explicit layers related to
biological and physical dimensions in the teaching of these two scientific fields. The data collection process was
conducted in several stages to ensure that the analysis was comprehensive and thorough. This evaluation was jointly
carried out by three authors to incorporate diverse perspectives and enrich the findings. Each author participated in
different stages of data analysis to enhance the validity and depth of the results.

Tools Used for Validity and Reliability Assessment:

In this study, Cohen's Kappa formula was used to assess the reliability of the extracted categories. For this purpose,
three specialists from the fields of photonics engineering, electrical-electronics Ph.D., and experimental science
teaching were asked to identify and classify areas related to the biological and physical domains into two categories:
biological and physical. Subsequently, their results were compared, and by calculating the percentage of agreement
(Pra), the expected percentage (Pre), and ultimately Cohen’s Kappa coefficient (k), the reliability of the checklist was
evaluated. The formula for calculating Cohen’s Kappa is as follows:
k = (Pra—Pre) /(1 — Pre)

To present the findings in a coherent and understandable manner, data visualization tools such as charts created
using Excel software and analytical tables were utilized.
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Results and Discussion

The reviewed 8th-grade experimental science textbook consists of 15 chapters divided into four branches:
chemistry, physics, biology, and geology. Of these 15 chapters, 3 belong to the chemistry branch, and 4 to the physics
branch. In this study, the extent of coverage of the biological and physical domain within the chemistry and physics
content is examined, and the findings are compared with global standards for health and hygiene education. "Themes"
are used as the unit of analysis for the textbook’s content, where each theme is presented through images, paragraphs,
activities, Did You Know? sections, and similar formats. At the conclusion of the study, the textbook’s attention to
six human-related and five environment-related components of the domain, along with its alignment with seven global
health and hygiene standards, is evaluated. According to the analysis, 119 units from Chapters 1, 2, and 3 (chemistry
branch) were examined. Among these, 26 units pertain to the biological and physical domain: 9 relate to the
environmental domain, and 17 to the human domain. Similarly, 154 units from Chapters 9, 10, 14, and 15 (physics
branch) were reviewed. Of these, 16 units fall under the biological and physical domain, with 1 case linked to the
environmental domain and 15 to the human domain.

Based on Table 1, a total of 273 analysis units across the chemistry and physics branches of the 8th-grade textbook
were evaluated. Out of these, 42 units (15.38%) address the biological and physical domain. Within this subset, 10
cases are categorized under the environmental domain, and 32 under the human domain.

Table 1- Status of attention of the eighth grade science book to the biological and physical dimensions in the two
branches of chemistry and physics
Branch Frequency of Analysis Frequency of Analysis Units Related Percentage of Analysis Units Related

Units to Dimension to Dimension
Chemistry 119 Environmental: 9 Environmental: 7.56%
Human: 17 Human: 14.29%
Physics 154 Environmental: 1 Environmental: 0.65%
Human: 15 Human: 9.74%
Total 273 Environmental: 10 Environmental: 3.66%
Human: 32 Human: 11.72%

Finally, the number of analysis units corresponding to each component of the domain was identified, compared to
global health and hygiene education standards, and presented in Table 2. Comparative analysis with international
benchmarks revealed strong alignment in areas such as laboratory safety education, which met or exceeded global
standards. However, notable gaps were identified in environmental topics, particularly climate change concepts and
biodiversity conservation, which received minimal attention. The physics curriculum exhibited limited integration of
environmental applications, focusing predominantly on ergonomic principles and electromagnetic safety.

These findings suggest that while the current curriculum provides substantial coverage of health-related topics, it
misses opportunities to connect scientific principles with broader sustainability challenges. The uneven distribution
of content between chemistry and physics raises concerns about interdisciplinary balance, potentially hindering
students’ understanding of the interconnectedness of real-world health and environmental issues. While the emphasis
on materials/tools recognition enhances practical laboratory skills, it may overshadow the conceptual understanding
of biological-physical systems and their societal implications.

Table 2- Examination of the extent to which the chemistry and physics branches of the eighth grade science book
Address each component of the biological-physical dimension and its compliance with global standards for health

education
Components of the Biological and Physical Dimension Global Frequency in Percentage Total
Standard Dimension Percentage
Matching
Environmental: Effort to protect the environment by Compliance 2 4.76% 19.05%

preventing potential damage and harm that threatens the

environment. Attention to maintaining environmental

cleanliness.

Environmental: Preservation of lithospheric minerals and Non- 2 4.76%
resources, considering the non-renewable nature of these Compliance

resources and preventing uncontrolled consumption.

Environmental: Recognizing patterns of consumption to Compliance 2 4.76%
reduce air pollution. Attention to maintaining environmental

cleanliness.
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Environmental: Awareness of the types and effects of living
organisms in the biosphere on humans and their lives.
Environmental: Ensuring clean water and preserving clean
air, and striving to prevent pollution in the hydrosphere and
atmosphere.

Human: Awareness of the importance of lifestyle and its
undeniable impact on ensuring human health.

Human: Attention to mental health and strengthening the
spiritual dimension of humans through awareness-raising
regarding engaging in recreational activities and creating a
healthy and calm environment for mental health.

Human: Awareness of how the human body functions and
understanding the mechanisms and important processes of
the human body.

Human: Recognizing common and widespread diseases and
awareness of methods for preventing, controlling, and
treating them. Comprehensive health skills training.
Human: Familiarity with methods and necessary measures
to prevent the occurrence of dangers that threaten human
life.

Human: Recognizing materials and tools used to prevent
injuries, treat diseases, and improve the quality of human
health. Familiarity with modern technologies and tools.

Non-
Compliance
Non-
Compliance

Non-

Compliance
Compliance

Non-
Compliance

Compliance
Non-
Compliance

Compliance

1 2.38%
3 7.14%
3 7.14%
8 19.05%
5 11.9%
2 4.76%
5 11.9%
10 23.81%

80.95%

Conclusions

The study highlights the need for greater alignment with global standards, particularly in environmental education
and interdisciplinary integration. While health-related topics are well-covered, sustainability challenges and
conceptual understanding of biological-physical systems require emphasis. Recommendations include adopting
innovative teaching methods (e.g., simulations, collaborative activities) and professional development programs to
address gaps. Enhancing curricular balance between chemistry and physics will better prepare students for real-world

health and environmental issues.

Y4



Firoozeh Alavian and et al. OLer 9 Hlgle 098

YE-YY Slran ‘9o c)l.o.«:.v ‘M JL«..J ‘W L:d)}cy‘ o u,u.(bs)J

]

A e
o e ohigel 30 oRey
e

s & & & v
o 3901 30 g R Q];

https://chemedu.cfu.ac.ir AGAKE,

Lol il g pickid Ay pole SO 5d g (ool o loo (390l )0 (9 (o) Sl (o
Sk sbolustes!
" . . r p TN .
0d)j Sl dilry) W 4oy (Jgwy ous]; FE lgle 0jg S
Ol ol V FEFA-AMI gy Gocdio o LKia )8 ol o prlis Ceess Sijgel 09,5
Ol Gl QLA Sl Siyap 5 Shisel o)) paliiunsyj o
Ol olsjsP s lngd Glis 5 Ghisel o)) (liiy e "
(59 falavian@cfu.ac.ir) - Jstes oouyss #
oS

okt Jo s )l ol sl b (2SS 55 (o S8 o )5S dnsi slagio Sl (S0 Gl (s s el SINRl g Aluday
5 Li>  aiw ol (G g ) Sl a8 e 00lal Jloz slasillz L agzlye sl 1y lisal il et olad 2 0SB L s g 0]
Slal 4y it aly S 5 sond (s Di9el Slsme Az i e (omy G Gl B9 2l 55508 el il Sy, 5 sem el L)
pole LS Suid 5 cord Sl oy 4 5 Sl (RS 58 5] 5l gy 1BGRG) el Slez sl bl b ol Bl 5 ¢ o g e
el 9, 5 oadiosliia (G g (s Sl soadlie (b)) 8 5l daesls 5 yslmez (sln 03l o0 Sl Abnsgie ghaie ) e 020
oo o b jlagai o Jolaz aiile «(g3luss jmar slo,l5l 5l oolassl b oosls .l aid )y lgizes jo jloline slasS oluliss gly ganie
Veoolass ol sl gls o)lal oy g (g olal 4y (VOYA Joleo) axls FY (558 5 o 0592 90 ;0 Julow axly YVY goaze jlilaasdly
WS )0 )l |y s iy 3590 V0 LIl g olge cHll allge (izran WS o0 8 Gludl b )0 0,50 TV g aizme alai )0 550
olal 4y az g5 aS ols ylid iegh ol 16 S dmmid .l ools plais| 0g5 & |y mgms (56T Dlogzge sl STy o o 25 Ls_znlfT ailse
b bigel slodolyy 05t o Sloinuy ¢ Sh90] ConeS ol )| (gl (B ol sy 58 5 o (el (Slsime 0 S 5 (s
sl Kol ey Slisel S i 5 ey S b s e el (59,525,

Sl sl lulinl (G 5 (Fj Sl 075 pole (Sujed isel ssaed gl igalS Wl

Y'Y Jlio

VEYT VY sl s gl
VY VIYA iS5k Gl
VEYIAYE Sy b
VEYINYE T el g
¥eR1-aryy gl Lls
TYAV-YYYA 5 g il LLs

Sisel 3 Gy sy ol gy 0T alnyy wooly (Slo toanly (iny (o) 039508 (olisle gl
FV-YE V(Y oo (Bj90] 50 Lidgh - Slaz slas Jailial b o] sillas 5 piiia ol pole S3d g ond ol

d https://doi.org/10.48310/chemedu.2024.17326.1274

QL&&_./' ).9 oKl }wl.:

Y.


mailto:f.alavian@cfu.ac.ir
https://portal.issn.org/resource/ISSN/3041-9271
https://portal.issn.org/resource/ISSN/2717-2279
https://orcid.org/0000-0001-6866-8988
https://orcid.org/0009-0005-7474-2028
https://orcid.org/0009-0007-5745-2445
https://chemedu.cfu.ac.ir/
https://doi.org/10.48310/chemedu.2024.17326.1274

Research in Chemistry Education 5 Bieel 0 i

doddo

o9 Ohysnaobizel Geolty Jsod atu sl )5S goladl g eloizl anugs ;0 pge GloplS,1 51 (S Giygps59]
G a5 calizeo slasl 98T L i ol il 0905 5388 (el ol St sl ol 4l lyiedr clnl oDl
AFY s 0gS NFY (oolicdS lims g obgle) aiS eolel Sl slo il b oagslee slp 1) oligal zils B ooyl
OFY e 5 Sles b lail (ol LS soweme

Ceodles gl )| g Laa 4y a5 sl g maiieel eolty Jemd i 50 (T Cole (B 5l (S (G g sy Colo
Cblir 5 s )lon 5 hrd Jalse Lojylo sl 5 Slowr 58 gl ar il (al o)l g ar gt (ligel s S, 5 oo
S| (Slay 5 oz Sl 4 5Kl ¢t Slo Sy S0 Jald cole cnl Lol Blasl ojls gy jlae
(olbllb 5 ol35659,5 VFY () Kan 5 oLl JLS soume) sl b 4 plysl g o cloixl 5 (69,8 Cadlags 5 Cudlw
WS oSS som oDty lpisas a5 5,18 ST Wles o, 5 (83,9 slacadled Cueal 5 colo ol (mizen (VYA
3558y Su plyiear (G g ey Sl egly 50 09h e (lisel IS (e yd e 5 (slaizl gy CusE crge oSk
S cilize gasiz gle Jobs sl Jlis 4y 5 9w )18 ax g 90 60k wul B 50 | o s 2oy om ol sl
OF Y colidls (lins g yhsle) caul ol0] il

(oole pealio JUl 5y odle a5 wil glaaslyy Jols sl ot 4l Sojed 5 cond (90l )0 (b 5 (St pedlie
o5 5 oltalesl ;o (ol Jpol (ojsel @ Llsioe sond )3 () Ja2)aiS 4z 53 (il S (25 5 (lomr Cdlsay
5 Obedl o 2 iliie oot lga b (s 2 o (o Bi90] (SlBCe0 b o Dl Lai> (g oo Slge LIS
Slge 53 097 ge (looed SLaS 5 (o 050355 (S5 3 0aS Sy 5 0aisd Slge Sl ool gmo o5 (sjgel ey jlagee
Soygel S 50 5 (1 F- Y weakae VYA (Glol 5 s YA (Gl 5 oY (g h0l) v g cedls p la)] 5l g lae
ol 5 plasl o oblisng iU lgal ST g0 el LIS g anlllae plSan (s oo 0925 5 (a3s5 )| ool
5 Kby 0 Sod o)l w5 Glar Cdle p ol by G855 DI (Sopd el hjsel bl
AF e S ornge g o5ed VAT palS g SV Fe Y TolilgS N Fe Y o) San g ' ,T) clo v g (S 6 l0 0 g

Bl as cal Bl 5l SO (Y Jauz) Sl oo lslivl b Say g s ) ol illas 550 (ggu0 51.O0VAY ¢ Jialg g o

IAcar

2 Guastello

3 Kane & Gelman

4 Schuermann & Mevissen

R



Firoozeh Alavian and et al. olyep g (Lgle 0598

odliisl (gSigy wiilo loz gloo lusbil b o550l sloaslir il Jolis (illas (! o9 28,5 JLai s (aolity Joo a0
5 sty Aol 5o gl il 0 Shoe o)l sl (a5 Slagasli sbml 5 Slez o 90l 3550 ABIS 5 Jlud slass, S|
OYAY e o) i 90) Sl Sy
5 sty Slasl pleol )3 d9zge OIS 5 65050k wnl b Casi 5 GxTUSE 10 (S g S Sl Cuenl 4 4z g L
cslie Gy slacllad 0505 5 lowr s b Lo slabjgel ail)f pae atile (o385 cond (bjgel (slyime ;0 S
ol g (b Glawzr Cdls S pate 5 gl (60,505, b ylie 50 (Shjgel laasliy a5 Cul oY o (slgiome 5
loaialy gl 4 asl Wiy Sy o 1) lsel il Soigle s slajls e a5 Wi S (a8 laisTay Wl dadelyy
ST L loaalip cl el 03Y (pmiziand 502 55 o] Slowr (slas o gl 5 (S Sloptams 3,5hos S5ntp (35 >
Oilye 9By gl 1y e oSl Jpol Culey g plate (Sow colld () L ol (S5 ey slaime 5l e bl
oSl a0 390 |y hisel Sk it Sloz slao il b ol ol Billas iyl ool 3 l3sel il (10 5 (camr
ol alal 550 oy 4 Alie el epolol cplys S o 5y Loy Blce b aglye gl olipel il yigy (s jlooske] g
S5z ge and 5 g8 bl B oS anlys (0 5 4l el Sosd 5 et (Bisel 50 ol S5 v Sl G g s
S SaS el kS el Wl s ks ol s a8l gl CeniS £l ) (sl ol IS, Wl b oS S lolis |
Slonr s a5k 010 05T ale ealio JUT! e 45 5] ol 8 Sasle Bigel slaaslyy (b sl shies s

e g 18 a5 1y lisel mls s, 5

Sl blslcaldlas ulul s casl saliplo! 6,80k 0l 3 5 Sas g g Sl ],.;L, Ao 5O (§Odsie Slandss
Sgue o plaie oy slacdled a5 wias o lis by iegh (pl 008 353y ligel il Liams o ,Slae g Slews Cedls
ol 5o e Slalllas 5 Ko (VFRA ) 5ed 5 TS ol 1P ¥ oSt 5 Vo) S S5 (g S0l blys g abiils S o5

! Mogensen
2 Chim
3 Haverkamp

vy



Research in Chemistry Education 5 Bieel 0 i

Ol 38 el Sl iy ol jo sols lis (Oladss s ised Glaeds (VFre o San g ' gSies) 048 b
Al eomizmes (VF v oS0 5 Thlgw V¥ e ]S 5 TS50 wBl Sy, 5 somr slajls Casi 5 (35 sl allys
S oo SS el mils lg; g sema CoBlagy g Ceodle Sl 4 S g ey el (V) Tiol
sl 51 (g )lany 0,10 092 (D50l (lgmma 10 Sy g S slaadls pliol o AL Saie (liio (nl oszs L
9 b hjgal 59 ohgh alles Ol S e 1) Gligel ails Jlgy g Slewa lajls JalS jeboas wilatiilen (255l
GB35l 53l 9390 5 gy ke 5o 5 Sl 00 (g 5 e ol & IS g o5 lr el g phid sy Sy
ol 5o pols anlllas plol &g 005 54y (B Sledbl lig0] il Sau g s slacele i)l 5 cowd g Sojub
iyl el CdeS i) sl lo)Sal, ( bisel (lyime ;0 Sgzge chnd 5 D8 bl (Glolid b b ogd oo (bl Ll
Sloasl 05000 (5l (lain) «Su3ed 5 oo (Bial 50 (G 5 () Sl Slasl 380 ()2 LB 0l (5305 alllae ] 00 5

s L8 a5 1 lisel ils e g Slom oDl aSh 3510, sale poplie JWl 4 lsas a8 WS wals 3ggel

OPIH 9

g 4o VFF a5 Cul pita b (0285 pole LS (sl ol iz ol g Lel el ol (S 93 ) 13l el
Sl o] 428l ol Sy dy )50 b F g oand b Lai e orlin 4y b ¥ iloe 0ol 5 056 s o | b 1D
ez () J392) O F ) g jam 5 (D) Ad (5 S0 (S 5 (S Sl sloddlie o3l 3 51 55 Sledlbl (6l e
(Y Jgaz) Conl a8 5 )18 oslasls g0 (VE2 Y P55 )) cotloge 9 codlw (3550l Slez slojlono (o) 0 02

99 2 kol 35503 0,5 oy 0 1) Sb)l o p 5 (ee Glac Il gl (e dox Sl egiie polie walllae (ol jo
Jelos g, 5l deosls (anaiil gl el (gl el 4,518 (59l57 590 [0 O jg0as (i 12 g ol S50 5 (o 059>
et Goay b ams o o3 Lo 4y bay ol S o wal3 1, lgieo 1o jlolins (slosSIl ololid Sl 45 suioslitul yganas

oS iS 1y ole 039> 95 cnl jel 10 (S g St ol b e e SISST

! Demchenko
2 Bolger

3 Sutapa

4 Blows

5 Rizvi

Yy



Firoozeh Alavian and et al. olyep g (Lgle 0598

ol 055 Dyge wolr 5 oS jsboay Jolo a5 098 Jole lialol B 0 plawl Al o wiz o Laosls (5 yslaer il 3
Jole j0 cdiun gl o 00d pol 8 5 28 g alire slrolTuye &l ISl b ol ploil sdinn g8 dus Jawgd S i O jgods oLl
il Gl gl as g Lael b el o8 JLie baosls Julow calise

Jse 8 5l eadglminl gladlsie bl 2Ll slp cadllas (nl 31 2LL 9 219y ow) 2 ]2 edboslisul sla,l 5
SIS0 Sgigd (smine sladine) yo S paaste Tl slaie (pl 40 (VF ) (ol eon g (Gaal) 0205 colitul (1298 SLIS
hlecale (nl b b Glaojom (S g () slocalo (gu) 2 LT )8 Sl s 0y pole s 9 Sy Sl 3
B35 o0 dwle b g o dnlie ;0SS bla] uls )] 5l o S gamails S0y g g dwd 90 50 g slwlid
lne Jgo 8 2855 18 oy 3590 (o)ly a8l (UL ¢ (K)5asS L o po Culed o 9 (Pre) Wil 590 005 (Pra)
ol 3 Soge a 88 LIS

k= (Pra—Pre)/ (1-Pre)
5 ST 530055 b ot sy slologas aiile cools (g5locs s clol5il 51 otd b g pomenie S5 4 boaily 1) gl

o od.md.d)f 0y g_:,lﬁl?b J5b‘>

SN 9 G ) ol adlse (o) e 8 ) Jou
dgio abs>
38 |y Sl o5 Jlaio) Gloo s g sl sl 1 (65T 5lr b sl ) clli> cqzr o W @

Loyl 80t S B rae g g lie ool (090 pdsbosass 18,5 a0 b jawgd pl3d g olee Lia> @

ety gloa e a5 jshiea Bras momo glagll caln @ oo
o) (T35 oladl 3 eyl 5 5 s 005 Slsgzge slaaiSly g la S 5l al5T @
s 5 g 00 53 (Sl Jasil | 6ol g 0 S 5 Sk (slye Laiz 5 ol ST sl @
sl s (a3 T SSIRE e 53l 5 (S5 SKoms g 090d Conol 51 25T @
5 ol (oo sl 5 55lblis slacollad plal Go)b 5l Gl S5m0 5 (Sl i Cash 5 Oy Cdloty x5 @
N
Ol e swanyl b g oyl g5le calis 5 ludl oy 0 Shoe (SisSz 5l 5T @ Sl

Lol loys 5 S St slots, 5| BT 5 519 5 s slags o st @
S o g |y Ol plar oS Sl 5 RalS b 6ty ez p3Y Sleladl g o g, b Ll @
bl Ceodls CusS sguge g s o loys dacan] 5l (6 St jglateds ooliiwls yge slaylpl g olge cxliss @

Y



Research in Chemistry Education o 390l 4 LidoR

Cllogg 9 Ceodbw 03901 (Gl Gy bro (owyp oy —Y Joao

Cxsd 590 039> Ceblags 9 cudlw 390l Sl sloylire
Slds g il Jsel Sule) awgar b jlows il 5l 65Ky 5 bt Sl gal> g b slawles Soj9e]
2 Sl 5 loys Slacadlie CuiS S platen (laasis 4 p3Y labjsel @) 5 Cublag 0je 50 plaasie Sijgel
Anel> Gilises zolaus ooy
Lo b ablic Jgol 5 pSaen slas,lon 8,90 40 (55LwelST b ol 3590 10 aul> Slo oMb
L3 gy Ceadls S5m0 G 5 o & by e SIS 5 oy, S lid Ol Catdlty a5 215
Lis Cgo 0 2855 5 Cdl ;0 (S Lo (slge 5 (Bras of cutlig Coenl s be 55251, i 4 s
Anslr Cdls kS g jshiiear 2l Sl gl 5 sl 3Ll Cadlags 0j9> 5 ags IS (g8 Lol
oo abas 55 00liiuld j9 9 ¢y yie sl Il g s gl b olesl e sbalnl g lags,glie b bl

oasily

odD (90 (omlidhiyee) 9 (owlidiionys «Supd (oord 420 )l jo &S Sl Jad VO (Il pide il ()25 pole LS
Sl Gliee oy & GBR ()0 0 pS o0 ) Sepd Aty o Jad T pend a2l )0 Lad ¥ Lad 10 s 5l o
Cuilogy g Coodls ijeel Sl slajlae b polie cpl dunlin 5 58 g ond a3l 90 lgize 0 S g S Sl
L lyome Oyede p0 1095 oo o3liinl QLS lgions (o) 9 Jelod 92y Gloieds gedae Sl e iaghy (nl )0 3900 wiSlo
D 5 Sl ailie 5 4y Sz gs gl ol csleil )0 ams e 48l g ailo so LT wiunlled oSl S pppm Sy oles o
S e g 3 b Sl Jone ¥ b T B 5 ol s i

Gty ol e 5B oy oo a5LE 5wt pole CLS ¥ 5 ¥ 0 b 5l Llo asly V1Y Joum oMbl 3.l

Lyf@M\WQo)y\VBMw@o)y‘\Ql..,.aoil)o.o)loéld‘éja.ggw)‘wu@o)yﬁ'?‘L_L.?.Lm"

D9 s
it pole QLS (conds 4Ll )0 (J g (o ) Colw d CSlop Glime - Jgu
bli )l g pid b po dgio Ao Jelei a=lg

S S i ojeig; ol by (S0 S g 09t Coneal 5| 21T 4 g msdee i Sl 5l aS 5, e
kol G 5 ol eSS b aS wie gl cdl (peal o o1 SILG 2 \ bl S5 oy, loclld
O 0 ) el (S5 wobl plgiee o] s 9,09 il Slge 5 plucl

e (S
il slags lo J55S 5 Oloyd sl ojo el oolinuls ge slajlnl g olge oSl laiges odne oy 5 Sgm Bl Sy
Oitn ol el oo ooliinl egiie glagls 5 leye el Gl (6K jslaied v aidss oyl 4 g Wil Kenl sloboglss
Oseilimges Cupd S0 €55 99 4 LS Ol o EdS 350t 5 Lags Lo (Pl 0255 oo (Ogemilimg)

AJS‘SA o)L.'Z:‘

Yo



Firoozeh Alavian and et al. OlHed g ybale 039 ,d

a3 lade 5l }5*"1&'3“’ amlboslo |y 095 cnl 5o s“lf—‘ 3 25518 5 o slag lew el (Sl alivgs pgas
SNy Sl g 098 o0 BT aligs ol Jlws oyl loys 9 J S o6 ,uKiy sbats, 5l
égw |) u." 5_9}«4.4 &:AJlﬂ\) J:.A ‘5{L®‘5)LA¢J )|

5,5 sales

Sl sboyes, blie 1o ol slayes,) B ras G:elf—l 9 518 g mls ol LS [RVELy 6)5—léa..> SleMb!
lasylon 5l oSy 5 cdle Li> o lapl Gleyd 5 S5 (s Ky slasis, 3l v ar ogiotss Wb mle slagés
il oo M o lad pals 4 B Wa)ls sal glages; @ Coms (e

el O 5LaSL sl (B9, Sl adas 2udsS 9 ST slgn Laiam 5 @l O (als () ol aias oS pgas
S el pae GlagucdlSly Ko g Sogll 51 o (Sogll jlasl Gl 6, S5l cazx 0 A

ol 4y g a5 o iy gl 85 glolus 5 ] sl S (g5l

4 ol Gy g ol 5l cbla> (T JLE 0 a8 e g | g jlame a5 Loz
ol 03T sl Juns

dmlwde@&Jxﬁ ,_J‘Uj‘;m)&wgowgwl)lwmlﬂ 5@‘6%@%&)@"&6@‘»
0] i 5 4 e o 35 plaaiie ol Sl e 0 LIRSS Lo o] G b e

S9ntp 1y (silowmzr Ceadlas Wil o (S35 Soons (Gladl) 9 ol ]

6ok Shlus gyl 5 b Siz ;0 Siemtsl b Canilame Sl bl caz 0 A ol ke g wliss GieS i ge 2
a2 oot Gl Sl oyl b & o s g ] Sbul I 655l agei sl 0sd gl Lo
S bl cli Gl A6 az g panb S e wag ) Cagilame o5 Jlixl Y a5 g e de JSiz 50 (sjgm 5]
el o 51 Eilie 6l et s, Sal, ol oaii g iFew A g
(o)

\g



Research in Chemistry Education o 901 3 SRy

W) 4 (Pl an popdle el il g (Sl dm Casl g oy Cdledy 4z g (Sl GLas i Grales, noallad
S oSS 30l s S g gy el el Bk ) Ll gsee 10
'P‘)T g el oo olml )9’”‘&4

Lis coeal Kby wso )8 Glagh ol e p¥ Sl 5 b, b ala] 0)byd Baizs 0S5 9laer Sledol

wzse o AT Gl Gk g el (bl plr a5 Gk e el L o nRiny o O b SETE SRSl sladl,

SeeSsise oS S5 B Sl als S o 5 1y gl (Sl 2eS 5o
Sty

o Jlsol 55Ul ol o5y e o o S o e b Rt s i eslend 5 ot
cole) ) blaal colsz Wb oS8 slad > L S (o s |y ol oo 53 Crie )b 39,9 ecn i slaoll>

dep Siie (Shy «sipl 4 S bas 5 pll g o Slee (SigSx ) LT OFST L oy Slogzge o y5 Sl
°MM JA‘}C )I é} 9 o&)‘ C:‘»)?}a UT ) ‘51.%..\.»4_—‘)3 9 Lb)153)l.w sl ‘A »)‘)—‘ ‘53}" ) DAA:AH.:S): f"'llj )5.«=> 5o
el Sl o 50 Clby 5 amSles () 4 g WS e

(L) 0900 Jros

sl sols & paile oy sl ool 2sy 5 Sy, dm s g Olyy Cdly ax g ol <8b)s 5 (ool Joo &)l L g 5L
39 el sl sl aail g S slacolld plnl Bk Sl bl e Semesbe s Bt 08 AT 0 s
Izl a G5 Jome )0 9 Sy 1) e ol &5 oLl sl Jamme ool 5 55lblis Loe )0 jealiooe g ol olad a5 oy

.o)jT)o (Sl 0,5 oo sl (38

v



Firoozeh Alavian and et al. olyep g (Lgle 0598

los,sld 5l oolaiwl b ojg el albisniss  oolatwlsyge  slalnl o

Oleyd o] 3 G slaiea

olge  cmliss Gaotd ol slyeuS 51 S ol

OFse wonl 5l gl odg b aid i losisn! 5l a5 cul slog)ls ads

Ys
Bl by gl 1) gy gl (25 Ol Cdls CedeS 350 9 LS Lo @ ol ployd lp g Wgdoo aSle

25 U5 (Sl gy o0 515
wpas Sy S asle 35 S i 5 0 b jegtd b3 g ool iis 5 W0 e e oo e e aYL ol e L
Sl Fte ol 100 spdlinand B3 gy gl il 0o plnes 35 e 0 oler el 0 St S

) uasmm ).3‘[>.> U"‘ )1 Lﬁ)“""@.’i’ 9 laos 5o Lmu] oA J]...S d)a.a (GIQW) .«.)5..13‘54 d)qa.a Q;L’;

il LS ginis o

P T T N P) O IRV UURISVING WEUE-IE= SR L3 S FARPIR B PR ICRPR RO~ PO - I IR W E AR S P WAL i i PRE -

D9 oo by gludl o> 4 K0 0,90 10 5 Jaxe alas 45050 ) )0 Bl S g g Cole 40,50 VF

i pale SIS Sy 308 AL 53 iy 5 (i) ol 4y S50 fime —F Jaa

B3| L yo dgho axho Julei sl

Gl Sopd el gz bl ol an CusB g oly, Sodlea azg VY Gl glgl b alisT s il

oabus ild 5l a8 Gloj e o i el nils el Gy 5l Ll (550 5 S, Seg SISk g S8 4 (Sl

5 S8y IS (oS e glp Wilgioe Sopd e ol g yslblas slac Il (Sll) soiy az )y
S el sl gla s 5 plosl 2 AT s ol

O ras sladshe s bl g gog by oLl gy o Shes (SisSz sl 8T AV sl e ol wile golse &

JEl 5 ags o s oS 3,Skas bl gloan]p 5 b Sgile el 4 b a5 Saic] g oladl oo (sl

(bl o Jsbo o8 5,5 o ool 50 59 ol o ot (Sl S o 28 > o] 5 (S5 550

il ansls ol (L) o 85 o0 (S Sl

3,95 p 5l O6 Sl 5l 6 T el sl 2T En  eolaiulege sbayll g slge cSLS AY oylys Gudisd 1S (6 5laes Siledll

boghgelotsls cwl lapleassle b a3 Gloys dacal 1 (6K jslaion, il 3 6l 55 o S g 2S5

A g (SsSz Y clodbl gpslaer cedls CohS Sse 5 Lsslen (Gl plesslo &
0y 28l o S G g 5531 ol ol

505 b owyd Clle il ay o ol ol (S0i; S g 0 Connl 5l 25T A axg L L Ll o oldl S e a

W3l et O] 1550 bo dod a5 S0) S e 0 o] LSRG 3G Ao a5 ouel i L sl Saylos S

ol 5l gasilas Lisy a5 05039, b5 .ol Ol codlas S 5l wed jeome g ail atils

RO POV RV (Slasl) S90S j5ue Miji‘,‘é)ﬁ

aS 5gd oo oolaiwl blos 5l jedga Sip ple o colaiulsge sbaylil g slge cSLs A al leesly Wil o Sy et P

ool Mo wloasaisle Su5eb ple live 1 yloys b 3 (o peSiny jslitads O lem iz 5l Lyoal S8 & 1,

L ool gooly 0,5z, 50 Gl 1) o) codle cudS dse 9 o lon (Sl s
3,5 ssalive ogate sbyoel 5l sslizul .obws!

@5 Golaer S8k lp el clule o b jheg] B8 5 olee L A slabyoel slasp)l5 5l (Sor reldled

5 @98 3l o B Wediee ool ale )5 Gl (o pibaass i85 o Cwl iz o (Sl

WS B ooliusyse osbss e $pSdl  0at JAS Bpas e 5 gilie S35 ] ol b sl 8 slogntle

;é,m)‘ld)ﬁfkhya]dom&quﬂ)éwl .LaaQT (here) «aisS oo 0l |

S o SaS ool )
) Slgion o ool b (KA ige CSle dny sy sy Sty arg 0 (S e Sl S bl

ol (oo )5 pw ol g I Ay, ol b

el Goyb 5l Gl (s9ime 5 (Sl

YA

(Slusl) €oolus



Research in Chemistry Education

o GRigel 50 g

RS |y fsal s lgy cendls 5 Sy, 2
IREXI

) S5, 5 i g slad ol G Shs 5 59
BuF Sk b, 4l ol gl
4>y Sodl Lai> sl Lol 5l (S S e
< o ils slacl 5 K, oliles ool
ol

dsol &l golae slaysd I ool ol
oS 6,180 Sl g435 51 L og wiol cel
D58 6 S ok 03,57 03, i sy Wl o

Oligelzils el s Slgloslu fym g0 opl el b
o2 9 3l (sole iz oo a5 Sgdice (P L
ooyl slp Sl g w02 (g0 )5 e olml b Wil oo
ey W51 1 il codles

Cokic 5 ol 0 5 b slrosysy sumlin
Ao, s 4 o5 slaely 5l (SO oy
5 T ol wzge Gabaale) slile 5 1
ol glis oo, (Sld g s,

S by 58 Geyre S (RSB Dyge 50
oyt Sloie (S5 fatg ooy
Slocuwl 51 L 05d 0 drog pie Ll
A5 S5l ez

5 bolus g esmlie lp Sojdlas o
@b b olbanl jl (Somg Ol paiis
i o5 slaan | les a5 wisS o eolatul YU

00 Mo oS g lagey o 555 slean] ceai b
95,0 Y bosl> yo el

S @ly,o ol anlllas (glp Soue 5l ooliisl
ol e b pl @ el il Bow sl
1) 8538 (i olal ¢ g 5y pogdle Sly> S
@ gl glp 1y Glosyind mplez 9 ve o0 W)

= )slse o3
&S sled (ol O (o ygd g (SO0
Sby byl 5l slgl by 0556 Skps
9 WS s 1y yg5 ol Sloged a4 3 e ailonds
ASih (59, Lules oadis)ly yo5 a5 0gd e Cacl

ke obml 5 pslblas slacollas
T s el
Sw Casl g Olyy Cedludy axg
el Bk 5l plasl S35 Sl
sheze sl g 5ol blis laclas
T s el

pY Slaladl 5 laghg, b s
son el L o pSin e
wag |y ol gle a8 Slhhs
S e

S oo g olyy Cwdlway dxgl
el @b 5l plasl g 5 Sl
aoe sl g )B—LIoL.‘Z..: sledls
AT s wlls

S Zusll g Oly, Cdlway axg
el Goyb 5l Ol ggime 9 Sl
k5.]4.3_7@:: ol:ul 9 )5]Joud L;LQM.JLLQ
AT s alls

oolatwls jg0 (sl 5 olge clis
Olop doc 5l (65Kt polatens
Codl CoieS Ssete 9 Lo
ol

oolatwls jg0 (s, lnl 5 olge lis
Oleys dacaw! 5l 6 Ky Helateds
Codl CoieS Spete 9 s )le
ol

ooli:;,ulo”.a dlb)lf| 9 J's.o ol
Oleys doccl 5l (6 Sty jslatos;
Cdles Cod S g 5 s)len
ol

Sw Cugl g lyy Cedlea axg
el Goyb 5l ol gime 9 Sl
shaaoe sl g )5—|Jol..i‘..'\ sleedls
T g el

OQL&L.J‘O)% 6[.5)‘).1‘ 9 o|9.o el
Oleyo dacawl 5l 6 Ky jelateds
Cdles CohST g 5 Lg)len

B

\YY

\YY

Yo

\Y#

\YY

\YY

Yo

g

VFY

e Gl iz oS5, o] slaazl o»
Sedyg Sstre 2 e slayl
Wimee Iy gl a8 Lazs o sl

(Sl «owl jisuod)

piz Sba | 5 9 a0k e
poiane (53,5 0l55 0y 555 (K0 b 095
oz & (59> o Sl o )3 e
(Slasl) S s s

a5l s, e yo 58 slogsa b
P N
o algs oo 5 Led 098 oo oslail
(S walas (slaij9) (90
Syt g ey O slad lole (S5
D8 Lly SO ye dw a5 S jeee
a5 Cewloolog ) BauS oayay iy S
(Sl cesloasls o 5 aliles
oSS s )95 4 (el Badlore (y9 35 0
Wl oo o] puiten il 0SS
i & adloler 5 wad ol
(SLs) .S s lg

5l Sleld ooy IS gl5 slaan
ond sl gipoles Jle sl
ooliiwl oS anl 5l lwss sleas
[O{ W )R GRVEL gy

ilos 3 el 355 sloar] s S5
Ol 5l iren taigd oo ooliinl 4l
& 5 o cleelligd o laayl
(SLdl) 09 o oolaul Waosl>
dallle pK oS Lazi» VS
99 Oles 3l &Blgyd Wior i 4 Se
LA o ol QLS glaaiig 4y pwae
(Slih

5D 5 Sess il L]
SlSie b aS aiin iz ) e
b olircSesy wledol b5 oalie
sloSiae b o 90 5 1,51y slacsie
) 055 oln oMt wiilgs o | Ken

() SasS G5 b

¥4



Firoozeh Alavian and et al. OLer 9 Hlgle 098

i pole GLS o g b a5l 50 50 Julow axly YT Lgosme oF 5 ¥ o)lat slaJsan olul 5 g Lidgh ol 5o

0357 40 S0 Vo el ol 5o,ls oLl SN 9 ey Sl a4 (VOIVA Joleo) ol FY (fdod ol YYY 5ol oL

o) Sl 4 plde pole QLS cord 5 Sujd (slaasll ax g e 558 oo 18 Gladl 055> 50 i )50 T 5 Jlarme
ol 0a 00ls ialed ¥ IS p0 cadlage g cedle Lijeel Slax slaylre b lagyT Gillas lyae g ¢) S5 ,0 Sou g

Sagd g oowd 3L 90 50 (J g (Fum ) ol ) i pole LS ax gl Cumdg -0 Jou

Colo b by Julod gbuaslgae,s Colu b by Judod sbasly Jlglyd glaasly Slgly s asls
Jle

e VIOF YAIAD e i " s

bl VF/7 sl VY

e 50 VoI e ) V& \oF Syl
Shasl AVE AT

e YIFF VOIFA e Ve Y YYY o

SLsl vy Sl vy

Bbceols i B Sy sy cols

SN 9 o) Sl a4 pild pole LS oo 9 S b (AS L A gl Camidg -) S

A% asldE Goled 4 F Jeax 0 mls 5 asein 5 ols o Ll Colu ddlie o 4 a5 Ldow slaasly slaws coles o

¥



Research in Chemistry Education o 901 3 SRy

90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
0.00%
P e
B Sk gl e b Gl glo adlge W Slex lo Jlne b Gelate 28 slo aidge

Olo 9 (S 9 (S j Sl ks 4 ild pale OLS couls § S jud BAS LS a g Camidg -T JSU
Cullogg g Coodlw o390l (Sl sl ylro b byl 3ol

O o g oy (g ) Colu 3l algo o s il pole QLS S b g (cowd SLASLE CB1S 1 yliwo (o2 —F Jooa
il 9 Swodlw higel Sl syl b

s me,y o Sy 16,5,1,Lw)m m.;;u;w,o b

SR 7172 Li> ey sloanie ol jslaes, d:mcvwehsﬂ‘ OEIERS
bae 555t

S nSole caz 5o s 5 S len L g ol O nels

VIV ol s
M'j)—q-“j)'-\-:-b 5 ‘;é}” Lol

Gb 5l ol soime g (Slg) s sl g Olyy ety az g

el g el (e olml 5 5T bLas slacla ol

A



Firoozeh Alavian and et al. olyep g (Lgle 0598

sl les uf’)'ﬁ*T _ . _r o - ) .
Sy slaghyy 5l (BB 5 2518 5 bl slags e colis

fIvE Y ol g sl .
""'L_;,e‘_, .LQQ‘ QLA)QBJ).';.;S
[Caatin o
VWA > ol e 392 G0 b (6 Sty Sz p3Y Slaladl g o by, b olsl
. S o g | ol gl &S Sl
_t . Lbé)sué L G.mel 36Kt jekaiedy oolaiwls jae sla,lil 5 olge clils
e slaylnl g lasl ot S g s o loys o]

S Dlogrge by 1Sy o o 1S 5l el adlie 5 (it w0 yge Vo LIl 5 slee Sl adlie F Jou 4y az g

s 5l Sl slo,boe b Slasl alas 5l ailge Y g daime ala 5l ailie ¥ paizman il oo s ol 4o | g

G S A g Sy
o554 3050 (il eeilo gl dlansgio oie 4l So5d 5 cerd (hisel 50 (S g (e Slasl (gusy 4 alis (] 5o
a9 Gligel il Slg) 5 (cemx Coodl i)l g Laio 4 cole pl 15 ls Coeal Slez slasjllinl b gllas sl o
ol st s Sl @ a2 g8 S o AST g jlaine I CBlin g lagsloms b 05 ls o Slomr Sl Cugi 2 5 3l Slong
8 wlosS ol (VF01) GllKen 5 paz caSilizmon i )loaST (g0l 50 (S g () olel pleal Cumal y liins
9ol Glgime 5o lnl g slge Sl sbaadlie Sezg ccnl by S po SaS a8 Slas Sgge 4 plate S sloclesd
‘;09.” (lalls oyl u‘)...:t Jolis e ol jo oaiiz e Lol Jiluws .aiS oo SS Ql)'s.ak)i’.jlo Slomz Ceodbo sla 4
shos sl )lSaly Blsieas o jlame CoieS 350 5 Tl a5l AU sl lon Oloyd 5 6Kty slrGis) <ol 5 190
el Sl s e (S5 lp Suid b e e (sl il el aiile (S5 St o) izmed s filine (nl L ablis ol
slul 4 (IVOXA Joleo) axls FY L (ot oy 0,20 pole OLS SG5d g cond 059 90 50 Judow 0zl YVY £g0s 5l
a8 go LS g Sl (g0l Slgime ;0 (S g () Sl 4255 95008 Sbles adgts el cpl o ls o)lal S g (e
45 0B patiie simizmed 30 Sl 58 F5e ek |) Oligal 2ls (Sl 5 (oo sl ol sz (Jub (jal pllis a8
pleal o BBL 0,0, oaumalis Jolas pas ol ailad 5103 axg50,90 yinn daore lodalie 4 Cond Sl sloadlse
4l criman WS o0 pg e (b SOales LolS S5 51 ligel il 4 el sole gla el b (armeten ) s

Slga b b aiS co S 5901 ils ar adlie (ol 010 S g sy Sorlos 40 ) g cp s 0,90 Vo bl g olge e lis

! Chim
Yy



Research in Chemistry Education 5 Bieel 0 i

oS )T oz ceadls i)l 4y 5 WS Ty 05039, (S5 00 ol )8 5l sk Sy g wisdh LT ele lalil 5
S 48 95l g0 Jal 1) 0550 Sy L5 Slogzse gla STy 5 b iS5l (T dilge (i ;o (VF-Y M linlsS) wiS
Wl o 45 ol _Si08 5 crloond AL B g ) psle mr B3| 4y SIS drgi pac caimoslis 3maS sl 05 1w
sEisel Slyime 59, p enell Slidiss (VYo T squalls 5 Jog2) 3 NS ite 5udl ol oLlas 5 ligel stils S s
sl o ol jebas 1) S g (S olul Wlaiiilgss jein ‘5.13)'941 Spllss 5l (g ks a5 conl (pl (L oS alises sl ygiS
e o9y b g peplias pleol aS coul S5 4L (VYA ) e 5*;?“5)5&:: AF-Y ) e 5‘315]) 2 pleol vgs
Jyol Siel cmizman (VF-T (ol Kon 5 7oaz VF e (S 5 0 Kgn) canl atals oligal il 6,53k (oo 3B
GiRg% 59 5 axSS ol (VF Y Y okinls®) 818 ol 5gel tils slows cadls 5 site il sode puolio LS )0 cuitlags § (oo
el 428 513 0 ST 5,90 Lol

oS Zewl 2l W ks Bl (ol s Bl Sl slo)lre b Sl a5l adlie an g aes ala> 5l adlie g0
ol oAzl dglie 3,15 Sgng 4 55 lizman Lol a2 ,8 & yp0  Mallipes glos bl b js0] glyies o jloplEan (sl
5l Sl sl kil b g0l alols 55 50T lopllss 51 (g boa 45 IS o atden 55 rlioe Slalllas Lo by 3adios
sl jy Wilsss i 1, 9iS 51 (6 hoams 45 a8 o Bt eunsl oplosl (VYA K0 5 A paniS g Lansss a5 (glaalllae
il sl Lkl pg3) 55 VYA0) Y500 aies Gudal cublage 5 Cdls (hj9el Gl slajlne L) 055 (55l
5 sy olad s gl tals o Shee Syl sl S (SlaasLs sbnl il witas ol S o WST Sl slaslasliul L
Ll (5550 (S

45 am3ga LS 5 9k g0 ST Syjd 5 gond (Bigal 0 (S 5 gt Slel ples] Conenl ko ol gl e gazma)
e 3 Slom Gloils atilsn b wigd >k saalr 60,505, b (jsel sladeliy Cood p3Y (Tl CoiS <l (o

sl oE5ly e 1, olsselzils

! Guastello

2 Schwedler & Kaldewey
3 Acar

4 Haverkamp

5 Bolger

% Chim

7 Guastello

8 Mogensen

° DeBoer

Yy



Firoozeh Alavian and et al. OLer 9 Hlgle 098

Salns b silopllon 5 o 5 (i olasl 2 aST b pitm il )0 Su3d 5 (oord (Bj9al oS i) 5 090 61
gdse dll 5 slaslening o Mallin

S g oot w9)0 b (S pealie Gl -

oelie gy 05, 4 il lanl il S8 Canllad diojli 4 olSiloT b (oIS 1o cyasl g ooks (glainles] plowl -
WS NS Slows Sy il

bools Goigel ligal iils 4 |y (Sased Slima 5 ploord Sl LI ol Jsol oole outlie (3390l LS 0 -
D¢ Lags lag)]  co Codls

IR 653k 055 e jlasme 5 Coodls o Loyl 5T g ailjg, (S5 )0 Sugd g gond Sloap)lS (ol plas -
.\.\.QQLSA

5 herd slaanld Ghaled ly ilre Cundly 5 6 P5elS Glacsiluand il Jlzms bl 5l pSone -
el g byl pubiias sanlie a5 S, 508

K3 5 eloizl S los w4y il ligel 2ils (So5ed Jolas 5 (Ko aiajls a5 (2,5 sy b -
S eSS L]

plle 43s5 Comnl 4 S pligelils (BT Gl @ o p T 8l 5 (G138 Slge lead LSS myn -
S e S

Oliselotils (Glowr cdls Laao jslaieay alliglesl Sliga 5l ool 5 (et o Jsol (2j50] -

(g s olal 2 ST Lpsle (bisal (58 slagsbs, dime) o plelas (il Sloyjse -

i 5 1y ligeltals (60,05 Sy 5 (o Slo s w55 il ogdle 4 g9 bl sl by, jlesliul -

il 2 Trb 4 Sl Beiod slacosgaze

ez bomizen 255 I8 o Seagy pand Slasd 3l Cod Cul (Ses 5 039 (&S g5 5 pl G by,
SN 9 oy Sl b la e e sboacizr I (B enl (e w0jg> (nl )0 (B Aiiy 5 le ;0 35790 Slaadgae

ML: o..\.;bd.';_é)f o\.\iol.i

¥



Research in Chemistry Education 5 Bieel 0 i

saalj Lwg Sledbl g glaex wilatils o8 lie allie Sl il g g allie ooyl @l o Baius s oles callio ol 4o

‘55‘0))‘*53 s:...

By 9 Sgigd gwdigme 0 aass b wlp o o2 158 sl slas,Sen 5 Sl 5l colyl g pl il JlST L
dlosos (2,75 pole 10 aasi b lio M Wil g el (cwdige ,0 Baes b L SISL a5 e BT« Sig iSUl

D9 Bhe sl dlie 2lg) (o) 2,0 Ol nl slagleraly 5 Ol 08 oo )Rl

&l Pyl

ol oaiigly B s lawgs a8l o )l digS za?

&b

Xv-£2 (VN

o5 (oy9el slo-adlie Lwlul p alavgie pgd 0,90 (couds (omryd SBOLS slgizme Judow ((VWAA) aumg ¢ lal 0 gammn yaal ¢ mn

ya-14 ‘(f)\ (o u,u)}oT B u""bjj" uyLw u}.is).u—‘ U’dj) )‘ oolazw! Ll
Y (D)0 o Ligel 50 Lidsh - 2Bisles] slalS o sl Jgol Cole, Caal g (285 (VoY) jhax (lulac

5 Beh J97d M 4 o8 (glaileta ¢ oy pale QLS (6,0l8 ade cole Jdo (VFAY) dabld cgolindS lans tog 8 (lgle

AORIY ((VF il (35560 45 oyslsd

ool Jgoo i il md sbocole lul 5 poo aly celidcag ) OUS Glame Judos ((VFY) Jow, «s)oum tplael (oM

ool & azgi by oos, plilis g, a4 VFY Ul 080 sond LS pous had S g aF (lyime el ((VF+¥) aible o5 055

YAV () oot (hg0] 40 Lidgh Can g pudad galE i

Yo



Firoozeh Alavian and et al. OLer 9 Hlgle 098

7S pole gw o dolip sosgie oSl >l (VE ) Slez ¢ ol o e o )lac ¢ Laadle (gaes] Lo jaesme cdsoplol ¢ s« calal
AVY=NOY IV« cojgel slacs,slss . Jgl alamgio 0y98 40 a5 (5,50l lame ,o aSii— SiuS 4 a sle 5

Slado . Jeow wiw Glie p Solu plad plaocen 5 (V- Y) 1)l (gauB)0 0 e o iy )8 f)é—| S ol lasl 0,0 ‘LSQL.—UL"SLSM
?V‘—?\\“a(\)\ . ‘L)")ﬁfﬁu"’)}‘J 9 rp»lu B QS'))""“‘)

FEXDONY sl 4, e Mall oy alilnd

Acar, M., Erdil, Y. Z., Ozcan, C. (2023). Computer-aided ergonomic analysis of primary school furniture dimensions.
Ergonomics, 1-18.

Akcanca, N. (2020). An alternative teaching tool in science education: Educational comics. International Online
Journal of Education and Teaching, 7(4), 1550-1570.

Blows, W. T. (2021). The biological basis of mental health: Routledge.

Bolger, L. E., Bolger, L. A., O’Neill, C., Coughlan, E., O’Brien, W., Lacey, S.,... Bardid, F. (2021). Global levels of
fundamental motor skills in children: A systematic review. Journal of sports sciences, 39(7), 717-753.

Chim, H., Gijselaers, H. J., de Groot, R. H., Van Gerven, P. W., oude Egbrink, M. G., Savelberg, H. H. (2024). The
effects of light physical activity on learning in adolescents: A systematic review. International Review of Sport
and Exercise Psychology, 17(1), 291-318.

DeBoer, G. E. (2011). The globalization of science education. Journal of Research in Science Teaching, 48(6), 567-
591.

Demchenko, 1., Maksymchuk, B., Bilan, V., Maksymchuk, 1., Kalynovska, I. (2021). Training future physical
education teachers for professional activities under the conditions of inclusive education. BRAIN. Broad
Research in Artificial Intelligence and Neuroscience, 12(3), 191-213.

Guastello, S. J. (2023). Human factors engineering and ergonomics: A systems approach: CRC Press.

Haverkamp, B. F., Wiersma, R., Vertessen, K., van Ewijk, H., Oosterlaan, J., Hartman, E. (2020). Effects of physical
activity interventions on cognitive outcomes and academic performance in adolescents and young adults: A
meta-analysis. Journal of sports sciences, 38(23), 2637-2660.

Kane, S. A., & Gelman, B. A. (2020). Introduction to physics in modern medicine: CRC press.

Mogensen, F., Breiting, S., Mayer, M. (2005). Quality criteria for ESD-schools: Guidelines to enhance the quality of
education for sustainable development: Austrian Federal Ministry of Education, Science and Culture.

Rizvi, D. S. (2022). Health education and global health: Practices, applications, and future research. Journal of
education and health promotion, 11(1), 262.

Schuermann, D., Mevissen, M. (2021). Manmade electromagnetic fields and oxidative stress—biological effects and
consequences for health. International journal of molecular sciences, 22(7), 3772.

4



Research in Chemistry Education 5 Bieel 0 i

Schwedler, S., Kaldewey, M. (2020). Linking the submicroscopic and symbolic level in physical chemistry: how
voluntary simulation-based learning activities foster first-year university students’ conceptual understanding.
Chemistry Education Research and Practice, 21(4), 1132-1147.

Shams, A., Vameghi, R. (2018). Relationship between Age, Gender and Body Mass Index with Performance of
Fundamental Motor Skills among Children Aged 7-10 Years. Iranian Journal of Health Education and Health
Promotion, 6(1), 39-52.

Sutapa, P., Pratama, K. W., Rosly, M. M., Ali, S. K. S., Karakauki, M. (2021). Improving motor skills in early
childhood through goal-oriented play activity. Children, 8(11), 994.

Yv



