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Background and Objectives: The quality of science
teachers’ instruction, particularly in biology, influences
meaningful learning, motivation, and student satisfaction.
Despite emphasis on active and participatory learning in
educational documents, traditional teacher-centered methods
remain common. This study compared the effectiveness of
creative and traditional teaching methods in the biology
curriculum and examined their implications for teacher
education. Methods: This quasi-experimental study used a
pretest—posttest control group design. Participants were 150
female students in grades 10-12 in the experimental sciences
track in District 5 of Tehran. They were selected through
convenience sampling and randomly assigned to
experimental and control groups. The experimental group
received ten creative and active teaching methods, including
brainstorming, flipped classroom, role-playing, problem-
based learning, instructional model construction, and
cooperative learning, while the control group received
traditional instruction. The intervention lasted eight weeks
and followed the approved biology curriculum. Data were
collected using a researcher-developed achievement test with
confirmed content validity and a student satisfaction
questionnaire. Reliability was confirmed using Cronbach’s
alpha. Data were analyzed using ANCOVA and two-way
ANOVA. Findings: ANCOVA, controlling for pretest
scores, showed significantly higher posttest learning scores
in the experimental group (n? = 0.55), indicating a large effect
size. Student satisfaction was also significantly higher in the
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experimental group, with no significant differences across
grade levels. Conclusion: Creative and active teaching
methods enhance cognitive learning and student satisfaction.
The findings emphasize strengthening innovative teaching
competencies in science teacher education and developing
reflective and creative teachers.

Introduction

Determining effective approaches to teaching and learning has long been a
major concern in education. This issue is particularly important in biology
education because of the conceptual complexity of biological phenomena,
rapid scientific and technological developments, and the increasing need for
students to develop scientific understanding rather than merely acquire
factual information. Traditional teacher-centered instruction, which mainly
emphasizes the transmission of knowledge, may not adequately address the
learning needs of students in the twenty-first century. Accordingly, active,
participatory, and creative approaches have received increasing attention in
science education.

The need for transformation in biology education is also consistent with the
educational goals emphasized in the Fundamental Transformation Document
of Education in Iran, which advocates the balanced development of learners
across six educational domains. From this perspective, science teachers,
particularly biology teachers, are expected not only to teach scientific
concepts but also to provide learning experiences that encourage active
participation, responsibility, creativity, and the development of relevant
skills. Despite these theoretical and policy-oriented emphases, traditional
teacher-centered methods remain common in biology classrooms. Moreover,
there is still a need for empirical evidence comparing creative and traditional
teaching approaches within actual school biology contexts.

Therefore, the present study aimed to compare the effectiveness of creative
and traditional teaching methods in biology education and to examine their
effects on students’ academic achievement and satisfaction with the teaching
process. The study also considered whether the effectiveness of the
instructional approach differed across grades 10, 11, and 12.

Research Question(s): Which teaching approach—creative or traditional—
is more effective in improving students’ academic achievement and
satisfaction in biology education?
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can contribute to deeper learning, scientific thinking, motivation, and
academic achievement. Active learning provides students with opportunities
to participate directly in the learning process, while creative teaching
strategies can create more meaningful and engaging learning experiences.
Approaches such as brainstorming, problem-based learning, flipped
classroom, concept mapping, cooperative learning, educational games,
simulations, augmented reality, and other technology-supported strategies
have been increasingly incorporated into science and biology education.
Theoretical perspectives on active and constructivist learning suggest that
students learn more effectively when they actively construct and organize
knowledge rather than passively receive information. Previous studies have
reported positive effects of constructivist approaches on students’ self-
efficacy and academic motivation, while other studies have highlighted the
benefits of project-based, cooperative, integrated, and technology-supported
approaches for conceptual understanding and learning outcomes. Research on
biology education has similarly indicated that concept mapping, laboratory
activities, augmented reality, and other innovative approaches can improve
students’ understanding and academic performance.

International studies have also reported positive outcomes associated with
active and innovative teaching approaches. Research has emphasized the role
of active and inquiry-based learning in increasing students’ engagement and
cognitive involvement, while meta-analytic evidence has supported the
effectiveness of problem-based and other active approaches in improving
conceptual understanding and retention. Studies have additionally indicated
that creative educational programs and learning experiences based on nature
and direct engagement can contribute to improved learning outcomes.
Nevertheless, much of the existing research has focused on individual
teaching strategies or contexts other than school biology education. Thus,
empirical comparisons of a comprehensive package of creative teaching
strategies with conventional instruction remain important.

Methodology

This study employed an applied, quasi-experimental design using a pretest—
posttest control group framework. The statistical population consisted of
female students enrolled in grades 10, 11, and 12 in the experimental sciences
track in secondary schools in District 5 of Tehran during the 2024-2025
academic year. A total of 150 students participated in the study, including 75
students in the experimental group and 75 in the control group. The
participants were selected through cluster random sampling. Two female
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secondary schools offering the experimental sciences track were randomly
selected, and students from the three grades were assigned to experimental
and control groups.

The experimental group received instruction through a planned package of
ten creative and active teaching strategies over an eight-week period. The
strategies included brainstorming, open and group assessment, construction
of biological models using recyclable materials, laboratory activities, flipped
classroom, small whiteboards, knowledge trees, concept and mind mapping,
outdoor instruction, and the use of relevant animations and educational films.
These strategies were incorporated into regular biology instruction according
to the educational objectives and content of each lesson. In contrast, the
control group received the same biology content through conventional
teacher-centered instruction. The duration, number of instructional sessions,
curriculum content, and teacher were kept consistent across the groups, with
the principal difference being the instructional approach.

Academic achievement was assessed using a researcher-made 20-point
biology achievement test administered as a pretest and posttest. The face and
content validity of the tests was confirmed by three experts, and inter-rater
reliability coefficients were 0.89 for the pretest and 0.76 for the posttest.
Students’ satisfaction with the teaching method was assessed using an eight-
item, five-point Likert-scale standardized questionnaire. Its face and content
validity were confirmed by experts, and its reliability was established using
Cronbach’s alpha (o = 0.77). Data were analyzed using SPSS version 22.
Descriptive statistics, the Kolmogorov—Smirnov test, Levene’s test,
ANCOVA, and two-way ANOVA were employed.

Results

The findings demonstrated a clear difference between the two instructional
approaches. After controlling for the effect of pretest achievement scores, the
experimental group obtained significantly higher adjusted posttest
achievement scores than the control group. The mean posttest achievement
score was higher in the creative teaching group, and the obtained effect size
(m?* = 0.55) indicated a large and educationally meaningful effect of the
instructional intervention.

The findings also showed that students exposed to the creative teaching
package reported significantly higher satisfaction with the teaching process
than students who received traditional instruction. Thus, the creative
approach was associated not only with improved academic achievement but
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also with a more positive learning experience. Two-way ANOVA indicated
no significant interaction between instructional method and grade level,
suggesting that the positive effect of the creative teaching approach was
relatively consistent across grades 10, 11, and 12. The lower dispersion of
achievement scores observed in the experimental group also suggested a
relatively more consistent pattern of learning among students receiving
creative instruction.

Discussion

The superiority of creative teaching can be explained by active and
constructivist learning principles. Unlike traditional instruction, the creative
package encouraged participation, collaboration, practical engagement, and
interaction with learning materials, potentially promoting deeper processing
and cognitive engagement. The findings are consistent with previous research
supporting active, constructivist, collaborative, and technology-supported
approaches in science and biology education. Higher satisfaction may also
reflect the greater variety and active involvement provided by these strategies.
However, because several strategies were implemented simultaneously, their
individual effects could not be determined. Moreover, satisfaction was
measured only after the intervention, and the eight-week study was conducted
in a specific educational context, limiting the generalizability of the findings.

Conclusion

The findings indicate that creative and active teaching strategies significantly
improve students’ academic achievement and satisfaction in biology
compared with traditional teacher-centered instruction. Their relatively
consistent effectiveness across grades highlights their potential for secondary
biology education. The findings also emphasize the need to strengthen
science teachers’ competencies in designing and implementing creative,
learner-centered instruction. Further research with larger samples and longer
interventions is recommended.

Ethical Considerations



Zeinab Dehghan& Uranus Pourdahandeh 0usd 581 weilygl g slERS o)

Adherence to Research Ethics Principles

The study was conducted in accordance with research ethics principles. Participation
was voluntary, informed consent was obtained from the students’ parents, and
participants were informed that they could withdraw from the study at any time
without any consequences. The study was conducted with the permission and
supervision of the relevant education authorities. The authors also adhered to
principles of academic integrity and avoided data fabrication, falsification,
plagiarism, and other research misconduct.

Author Contributions

All authors contributed equally to the conceptualization, methodology, data analysis,
interpretation of the findings, and writing and revision of the manuscript. All authors
have read and approved the final version of the manuscript.

Data Availability Statement

The data are not publicly available due to ethical and privacy restrictions concerning
the participating students. However, anonymized data may be made available from
the corresponding author upon reasonable request, subject to applicable ethical
restrictions.

Declaration of Generative Al and Al-assisted technologies in the writing process

During the preparation of this manuscript, the authors used ChatGPT to obtain
guidance on statistical analysis. The authors subsequently reviewed and edited the
content as necessary and take full responsibility for the final content of the
manuscript.

Conflict of Interest
The authors declare no conflict of interest.
Funding

This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Acknowledgements

The authors would like to express their gratitude to the education authorities, school
administrators, teachers, students, and their parents who supported and facilitated the
implementation of this study.



Olodre o i 53 Joe g a1 185 &y

S g) b dmmg i 50 (cwldbtom j (o yoi 50 A (g1 ;50 g, (s 51
Oledno Can i sl (R LCIYS g (o2)25 WBlgd 1 S

Touons 5 (woil sl M (ylans o)

z.dehghan@cfu.ac.ir :asbL,
Ol ol O dibio Siyg 5 Sisel oIl bign 5 SSisel <)lis . Y
Uranuspoor8@gmail.com :a.lL|,
ouS

e G (o Ll S 53 059 epole lolae ()0 S il g iy
Sl 05T g bl l5eel Liils (gatansls, 5 b3l o loline (g S0l 4o hagy o g9
2 Olizeed jemenlas o (i gla by (55 )i g Jlad (5,50L  (—bjse]
Slaghy) (o Fufl anslie Saa b o b eyl lml) (oo b Sy sl DS
Sl Ol lassly (s 52 5 (oo Lo Comaj (g 55 aelip ) (s 5 &S oy
—osesloter b b eSan s Ghash oal 1B by o il ledes ca
o2 glaarly 113 5eel s 10+ Jol b aiged s plnil J 55 05,5 5 (5a3l g
3 xS Rged (b 4 45 S (g B dilate 028 pole w1l ea3jlss 5 w33l soulS” o3l
(275 09,8 W8S 15 J5uS g (9,25 09,5 98 50 (Bl by g Sl i
O (slasl (ugSae (hial 5,58 )l abe I Jlad 5 NS uyya5 by, V0 L
P90l oI5 lie (65650L 5 (B0l slrojluiiws ol sy e S0l
gaie A b alslas 285 I8 jomanlas 5 i (Bigel Coni 35S 05,8 5
ezt C i 903l b osls ol [l cwlidcany Cgan owyd asliy polely
b5 5510, (suainls ) el 5 0ol (lyions gy, syl a3 Lvplas
22 (ANOVA) _Lile 50 (il )ly Jlos 5 (ANCOVA) (il lsss Lol
J555 LANCOVA mbs oazdly .os anb #Lis,S Wil el oLl oo

it g0l
Sl s, g s
EHEN SRRy
QBT saenls,
pole lelae Con
Obgelmls 650k

PV (s)loline soboas (y903l s 58 (275 09,5 6553k e ols Lt 903l st
9909 i 2,75 09,5 (oo, cils YL Slejlail g (MP=1/90) o4
czge Jlab 5 Al la by, 16 S At ot saslive bhasly (e (5 bl sles
S sls Cusli D90 g Ngh (o0 gieils ;5 (LS (650 Gl

510 05T U 5 5 ol lodes Son s g lyglss 5




Zeinab Dehghan& Uranus Pourdahandeh 0usd 581 weilygl g slERS o)

doddo

5 5:5lnotllr Glagsose 5 (S Olsie 4 olsen (39el 5 i sly B9y 2R (e
aS 010 0gzg calizee slrolSans calins (I b agalae jo sl 009 7 ykae (o590l 058> 0 Coenlyy
D929 (l b eadlgo (05 890 sladth) ol Cunle 5 (ae Sl 25 (608 aidu 5 Sl Bee
o)) 5 i o)y gl eles] e dlols waile Bl wlul dbaés Ky lsieas lizan dzs
oSGT 51 G ool el 51 (g )lom el as gy 5 (ole wleds b gl 5 ey slasis,
gy ol 3l gl shigel Sgase slady o g pated glacily il oz gleosls 4l 5
Ol M (lnnlio 5 03,5 gy (275 Dygoty |y alols ul &5 sl ol (g oyl iagy,
R e o S RE T SRE 3T S BRREPRN-TIR

45 spac il ol pac 1o SO BBl )90 (plidian 054 cpsle (Bigal jo Jooi
So9b8 Sl i 5 St shaze lagliz o Fimny Bl 0938059, (S (GBI @ 28 L
isel el o olien egian Gise g patd (S (S5 i sl aile plroje> o
St oS98 03 50 650k slajls (655l o0 )ls 4SS SleMlbl Jlanl oS oS St
(SN S syl g Sl S gl ol sl Glgreay ( cwlihican; ( Bybee, 2013)
lFolerke) Gl ol slroged g )5 slagbs, dyime (Slaal o goz 6,5k sl
OF-Y

2 il oelidan ohigt 5 (2 pole S2igel «B)950%590] aole 97 sk oSy
csale Ul s opdle a5 Line 0yl s sl sy ol i 5o lianlils Anlrans Ay Cosas
3 Sy Snp g e GBS (S ST s pdy Sl g (gOlEII S 9
5 psle Goisel sloosed o (oulul Js 3k ilWlniz iz 4 plitws 08 L8 Lo
Gosox Gh9nsovise] ol Jsmd wie el glaldyim 5 wlysly sleo Sy, 5l 6o
Pl (83l sl ailSoanyl L83 (OYR) (oysnsibisel o slisd wyas olnl (oD
s5B5 Sl 4 az g red il el polae Slediie 5 (oSl Sloo Gobol 58T (5550
SoanT )b s lgime LSl 2ol sl aolr sl e pllss gla il ol 5 ayam Lo
Sl sl 0als iy a5 « oMol O 315 Ll o i s ol oles Bas WS e Il LD 50l
el 5 sl ol BIS 5 golie cgoliel by il olste 0, dar Sid gl S
5 olatdl colu g failyglis 5 Lole cole (colily; 5 e Colu (S g gy cole
ol 5l e el 1y syte dilden 0l diwgnadd legerte oty olul ol (sldd,>
Sl )len 5 (S5 SRy b dige 5o 1) (cole paplie Wb (oulidiiunj ohagts pgle lodas ot
O oy maiiigel O)lie) 95,5 Game diww Blaal b aias gl (S5

Gigel o 53 85 S polae (B e b 5 6B GlaaST Gl vszs b
o sla L 5 o 51588 o U 52l ingty (o5 S L e 33 s JSCAT (5,50
A



Olodro o ¥ 53 Jos g 4yl 4 ol

5 B (0225 ald Lol eenl 00s 05T oy (B590T ngs sl K9 5 B Sijel Conenl
Slgme S ) ohagts complhe gwlidilun Goyo Goisel )0 by, ol 6 o)l ldunlis
Byo gl cnl shol dltas (ol s o iand 53 cinn ohigel diva) Sy o 5 atie
03 33 ey gy 93 Slalie 5 (028 it 4k s DI el Cuenl 0SS
ool i5al 53l (65650 sl (6 NS T (lie (e 5 e (oelidiCens

Sy, uonl 4 (3uaie Dlalllas diz o 45 am3 oo (LiS oadpldl Slaiagh diciay 5950
o5t 5 SIS (b o b bagiash (ol 5l stz B i Lol il ls y I (el 5 ey
75 9 330 Djgots patine (oS E3090 5o 50 |y ey Sl gy lee Dol b eilonile (3L
Ailbogs po clidsonss 5l et (igal (6l i s Slalllas pl 51 (B2 500 (Sgms 5100, S5 oan
ol iz SIS e )0 010 el ()0 (pl Ghjgel 4 s 5o 1) Loyl ol e
ot Slamlio yg0a 1y et )o 29y 59 ¢ yhe (ulidituns Goigel 2 38505 b a8 sl (] o
B jgel amy plaS 50 (555 ol g Sl 550 (S0l 3RS 50 g, plaS 05 (i b S e
ol 0o lie

dnslie g (o) 4 dloatdly Jlod g 3iod by, &) el (S 5l ey ol adlllas cnlplo
@75 925 Sy 5B oy aalss e plidiian ) oyd GBi9el 5 s by, €95 90
S5l Sln lin) S0 S 5l g 09d mald a5 Slaghy) (8 Sl (Sbj)l sln Y
23,5 sl cwlibcans ) s Blaal b casline g0l laoged Sl jo sailalS]

9 bl (55 )Lae (Jlad sla g 5l osliiul &7 was oo (Las psle 6 7S 0k o) 5o (ngh Dlalllae
heazs 3 Shoe S99 05250 Al gole S5 )1 (5 T ok Boosd g0 Wlgi oo H97rais 5li3
«53b b asile NS Gl ST (6 15 S rimen (ADrahams & Millar, 2008) 4.
sbml g ohisel il Jb oS lis &y cogian (osp 5 03538 Caadly (s lacsloand
(5,55 5 =wl,s Wellington & Osborne, 2001) aslxil o jlobias 5ol (slaas o
Slp el (50 aSL wnd Sl Sy o bty (bisel 50 Jozd cnlple OV
Slyme Gilobislyon e (ol 53 oan] (BB slozl (s sy a4 asTel
Wlg oo (B30l g Sois,skd Sl mSose 5 S5 st T glaceale b s glacls

2l S0l - ool celS Gl sl S5 oS,

sigel s yskd (S L sla s, «siluis il (Jld 6 2Sob 5l (g pFo e b Ay y0
olelee 435,505, cnl 355000 wal 3 1) ible 5 3Us Glodlee (355, B! (indls (355el
Gl ligal tils g (slajli 5 60,8 glacglis b caslie |) (650 anyl8 08 o S8



Zeinab Dehghan& Uranus Pourdahandeh 0usd 581 weilygl g slERS o)

celiie (6,50l jg 50 5 Wld oo CBNS &ile g Wl SL T, gl (B0l pllas guinly S aS
L s s Jb (RObinson &Aronica, 2015) ws o oSt avd sl olly 5 3l b

aalllae il 08T g slaig) 65 54 5 CuBdS Cumnl 5 51 slatagh b
slidiiany Go390] )0 @l Fosiilo 5,805, (6505 5 a5 ol (Lis (VF - ) o Ke g (wliogolie
Sl adl cpl oed oo oligel il dams 8 iy 03551 (ioli8l g soel Woss i) o ge
OhSer 5 saaze Cusl pole 6550k CoheS S 10 jyme 0i S0l 5 Jlad glajds, sl
(D330l sl 5 (S5l S0l ggmmecisn eyt wile e, a5 wisls L (VFY)
Redise Oligel il eS8 lie g 5 iiaslazel g oSl ll eealie S5 Sl ge
Aiojls o5 wilaadls elaizl 5 3lis wd, wlol o, 1, Cadds (VF-Y) o Kon 5 Sbds
aiile b lo g, 31 6500 45 ol lis (VE V) ol sonsl Sy 5uS g Lgy (6,50l (sliss
(st 2985 50 5loline (6Tl 5 8 e GialEl s ¢ 50l (slais il g 570059 o 59,5 ony
S 2oolesle e ge cpgle (gl 10 cestde laaidi (5,8 IS4 45 sls s (VYAY) b 9
(VoY) a5 g Bl 5 oMo gy 0900 Olisel mils 6xslol 5 65050k Cus 5 eanlie
Sl S5t o (ol s Slame GPi9el 50 ol yen (Al 009 33) Cually (6 T T4 a5 sl (LA
GBI e 25 gl Gl (e 5o sole mralie s iS5 6 Tolim ool
) € olSolor § €y alio sl> ans (Jo6 diws Judog [0 (\YAY) o)) 5 sob] 1l
5,13 ST ulae 45 6)slsr 5 Cadds Wi Caanl €G3 ans o0 LS ¢ Blie o Wlos S diws
OFY s g Goigel Slalllas olSingsy)

Ol 1y by Gipel 5o Al glagsy, a5 5 (2l Glajiegy, claadl

5 Jud S0l slacio b ol b o hedl (3900 45 WS oo Gl (VFAY) (i igs o o0
Abdulameer .oso o il 1) code eunlin 5 Gaas 5,0 5 (soiedddle (g5 slacs,gld 5l ool
2 e 650k a8 ols ylas (YY) Kasim g Kalaian jJbTke .S oo cogis 1) o)lee] 2l
Ao 6 x5k ) ule 5 aspie Sy L) o 1 Jld slod,Sigy le 5 usSae g0l el
oSles p aEiles] slaclad 5 egpie 4t Cuie 56 (Y-10) Martins-Omole.col
Sonte 5 (Yo YF) oLSen s AMITSEIt iogh 0,5 anl ) cwlidcun) oligel isls Loass
s WILKINS o,5" (2135 cns slagis, 5l sFone b1y 5550 @bl 5 molie S0 w28 Lie
5,10 05T ole slaojem (siw slaiiel 1o > (6590e 5 cuddS ik, (Y- VY V)HOItham

\ 0



Olodro o ¥ 53 Jos g 4yl 4 ol

6l0,S5, 51 b ol sl 13U 1) (LBl glapllss «6,5l 5 sale g Y52 onlply
GolS ails lgieds o pulidiiuny s Ghigel Wy 0 (Bisel CudS S| slp crgs g BN
WS b ool Jso st sl (525 (ot a5l Gl ooy L 5 (S35 S0 (sl
S oo o5 (s0390] ST 50 1 sl lp (e s Sy Al s lacele
Sens o Ghygel 40 (st 9 WS 05 bg 99 dmliie (3uions Lol dllae g (il og; ol
heass cé i b i, onl 58l 4 as g pogdle a5 cadl T )0 aalllas ol (55005 canl ol
w25 lo Jimgh 10 4 egdge 13,0 3 13 w5 dilyslgr boged p eleal s 05Kl
el 485513 Az gl 3590 yieS

D9y e comy By, 90 5l SoplST S casl opl ol Gieghy (ol I (ulal Gl
ol BB8S sebar To)ls (s ity ol pwliban oy Ghigel o (i by, b 4B
G50l 0550l g (heand S ydoy liae 50 by 90 (pl Dgld 4 WIS atie AlsS e LiRg%
S s Foslhae (o890l qulis Wl oo 4l 155 Slaogeds 51 (6 5uS0 0 LT g ol oS (390l tilo
S5 oo ST 392y b aF 31 Coel Ll 51 g 0l 5k o3 b oS sl i slagis,
logby,y sles Gyin ok B oy welsd jeie pulidiany (sl 53 S5 D5y
azgi |y anlllas (pl plonil &g 50 ol e g ol (o jtws ;0 S sla oy, b avolie jo 4B
S e

P95
O3l = oseslote Tk b e desd (G b Sl 5l g oo )l8 cBae Ll sl
1 S0l Blie yeiie p (GBS ojsel (B9)) (el a3l T (g 2ok (al b og:
A gyt oy 030 3l o (T aianilo i 5 (sl Sy ) 5 Olise]

Sg1 ol O adlais pg0 alaus gie yujlie i3 Oligeliils adS” Jalis imgh ol (s le] anels
S Glie Gl g wivg Jmass 4 Jeriio 0,50 pole 4l ) 2 VT YT Lz Lo jo a8
Wged J§ o i Sl gl elel g gk gib g Bus w az g Lol | ek
@ (Ol (hemand Gy a5l 7S 095 S VD 5 (025 09,5 HA VO) ;5100 Sl 4 b
i o yeb 4 soliiul ol A gs olas by, 5l b aiged Ul gl s pmend o) g 7y
Olns O ddlaie al 550 pgo alawgin yujlie Cand Gl 5l Bolal O jae 4 (Adgs) dwyue T lacl
Al S5 s paoil Al SO ero b S sl plaS pawyae Yo plas ol o] 5l asacs bl
75 09,5 S 9 S5 09,8 Sual po ,0 (Bolal Djgo 4 sy (275 pele 4l 0 pa3sle
Gl e 5l ools bl Ty a5 Heblas s Als e 0 () (Jgux) Wad Ol 6,45 YO



Zeinab Dehghan& Uranus Pourdahandeh 0usd 581 weilygl g slERS o)

sl Ol (Bolas & g0 [0S 09 S Gliea aly Su g 225 095 Glea by Ko (eaxs
T S50 5 Sok Sug—e d Ghagh 40 J5US 09,5 A g (2525 09,5 A Egeime 3 il ply
S olsed 5 hea 28 Al el 5 pan 8T 18 e 9 )90 5 il I j5h > o lailis |
S 5o ol Slanlge (bl Jedos 50 9 <85 )13 s g)lel Jelow ;0 09l Jit e Jolge
szl 5o Jlosl (025 09,5 sl (35500 allae s OB (o 3 a5 B, £
ol asaa A Job ;o plaie g oodisin el )50t (025 09,5 )3 Al ;05 () alSlae
Sl §l main jion aS 5g cud >l slaieSay glaide Ve Al a2 aan 0 0l
S b, o (nl 409D e )5 ABS 5 (ngh Slooged 5l 6 pSoste b (o Ld Sy SUS
Olos JyS 09,8 (hlie o i dls 0y 09,8 Sijpel wnld o 1) ool s (I oo 4B
Oley e a5l s (WIS des (ol b 0,5 Cdbjo Jelatin 5 siw g, 4]y o )d Sloie
95 €5 5 ol ho | osles L 5 wiog: lee Sy plae g (o 90l (slgioms Dl L Slaai ( bj50]
Lol cis )57 28l yo (o2 90l (Slymme 9 oy i 5l (SlaSe S 5 5500 Gl @ 1092 438, Sy (05

o Jloel oS joboay (i gy J S 09,5 3 9 i A sla by, (225 095 5o

b digoi bl g 6)l.oT axols ) Jous

e aiges bl olass
anal> S ol
(b asss=)
O dilaie ,o &l 550 pgo alawgin ywjlie
dwyde ¥ 4 yie YY )
oy (0275 pole AL sl &5 Gl
AV 7S 095 S5 YA oo aly
A Y0 1 0,50 09,5 S5 YA o235k b O awyon/adgs) ) digal
A V0 S 09,5 ATV el sl
25 Y0 025 09,5 SN o &b
25 Y0 S 09,8 S YY o235k 4l (V aw,00/alss) ¥ digas
25 Y0 025 09,5 AT el aly
3,75 09,5) 4510+
e A | | e
(5 V0 oS 8

P8l b gy 00l (b sl e 3 Gkl Glagh 4 GBAS ES L 9,9 sla)lae

e V51 o S Dj90 50 (riired D2 GRbgTy 5o IS lhe 4 Zuld; g (guieaddle 51l ol
JraS 09,8 51 a0 SO) ol 055 0,53 0,8l g ol Bl umghy 5l BaissS o8 0 51 S e
5l bV 4 pgd dujie J5US 09,5 5l 45 98 5 Jol du e (2525 09,5 51 A5 98 (ol sy

VY



Olodro o ¥ 53 Jos g 4yl 4 ol

alS (as o (Dol 5l 0, d Bl 8l kgl Cae s 4y aS Wols Ol pall gaasg jo oS lie
o3 5l o ol dildbgls 5,5 5 wiog eaged LSS | cnally asli cols) e 8 (SasS o5 ,4
azlse glyz! jelaie 4 u.‘?)i}‘ SlaxMe alS a5 cnl [SS obls alas = »® QLS] &l 6’3‘9‘:

gy o aid 8 Jlaiys agh sl g (obieel

L2l 5o Sggms Ban b e (ol 00,8 12l (g0 5 Goigel oplol jllai g 59200 b e gy o
b e Jlo 9,8 5l 8 oS (5 b 4808 5 D jg0 (Shjgel Joleg 5 olie 4 fiien (cw T
S8, 8 Cdblye oj90 Ban e ;5 Gimety nl szl Giysn g Ghisel oyl (Y gtane b 4l
5 290l iled aibinl jslate 4 (uizmen ab 43S S 4 ol Gl jshate 4 p3Y Slages
GERen IS ln (phesny el Rl s paxd sle adile Jlosl 5 Jlezl slallas Sl 6 S5l
S Bl 5y 5 sl M) asls b igsdge ol b oslinad sains (i5sel ples Sy 5l Lo
el 33 B9 0595y 5 Y (higel o 3l g 0g owlid G 1350 S yae sl plae
05,5 L] abims Slool b B ogs o0ls plosl 3 g9090 b Slalllas yuw S

TS oM (gl el e adr Sy (sl J5S 09,5 ) (S gy Sisel lzl SSs

aide b o 3l £90 (sln Oligal s (ST g Sl 5 j9hm i owslleml g Do |

aBe Ve | ((patid g 0SS oled))) aLddS Glo )0 j9p0 g 4AS lo uye lEab g lewp | Y

aiss 0 (3l (b3 )N oz (wyd 3590 50 Gl g G g Moz oy (Byxe | T

Jlog 5l eolanul a0 i 9 grdg Jold oo plae Djpe 4 a4
5 00 e Gialed sl sl 5 )5S o n sis e aly 5 Sle wiile (S5gel ST
BB Fr | gl 0 i 00 eseke ln (Kl 5 e sl Jle )l e S g e uSe | Y
0 coliul o Bl s o] Slleal 18, lp oyd yare 5 Olisel Ll Jlaim! EYlgin

o ez oy ag oS o)Ll Sy caledye 5 plisel (s (St @b, (sl ol akB

@ oW sl aiBs e Al Gl 025 09,5 50 AlBWS gy 4 jeel 12! SSSs



Zeinab Dehghan& Uranus Pourdahandeh 0usd 581 weilygl g slERS o)

ole; el v,

. anld esrd slr Olisel (s (Solel 5 Sl 5 jpam (ol 5 pM
EEERYA \

o

2555 (2l ) AL (o o yd j9y0 9 ALBIS Glo wyo 3l g L

R Y
(il g
a8 O (el (b)) daz 50)3 3550 50 Fwl 9 Gl 9 a> oy0 (Do ¥

9 speplee lahy, oSS b (Al Ojpeds wax ey &l
2515 4 oS 3 gaita (el Culad Ve (685 Sl (pgmael il

ol 288 o0 I3 esliiul 3550 )a5 ok 50 (e 5 (Bjgel S Lo

a7 S oslil 5 i3 edgs wiile (B30l Jolite (la g, LS50 lacllad '
Sl sl a5 09 525 (5l g b gl el 5l (lasgazme Jold 0zl
o 48,5 IS 4y (6550l e 3 I3 b 30T 2300 (6525 50
Ao &5 0als zylae Ko Jbd laie Cou agphe Gla iy ¢ gulidCan; OLS Lad o jo
5 MSse w55 5LU (55 Gy 05ed (nl 3 T o0 wal B ) e 5 5l SIS e (29,5 Em
Jappatlool 5 dda ey lygnl il 51 (o5 ol oo 4811, 095 s figel il e | ST
5 obe o1 slad b ol co g5 4 DIyl o)l ys Sgliad g (g L ligel ils aen &S jLin g O

b e planl 55 S 5o Glisel 2l des iz gl silelad 5 plej Sy e 9T S co B

290 42 9 )l Cunenl Wl £33 5 Slasi ¢ gy ol 50 ADge (B0yed g sy Louly (SLL
2Bl oo Dgge Ol ka5 coals

o3ley8 wlale (g5,5 (slogysasl 5 o (molojlo oy ¥ (sloog )Ty lisel tals wosed cal 5o
S )Sen 5 (5 Shen sLad wosls (2alS 1) CLladl g (il (g cnl ol e SIS 2 (sogie SVlgm | (oLt 1Y
ot 424573, (00 Zugi |; GVluaen S| 6550k 5 byl g Sloes Gl aliwgs | (o295 5 5L

Bges (o0 S5 550k

IS )

Colo b oy obojlucaws S8L5L g 655,90 blug 5l eolaul Oligelils wgnds cpl jo
_ _ L5L°°.L““‘:""“">
9k Ghgel 4 B 5 05 Sl ol ogdle 5 Gl s 5l oo ST 4 g wS b pe (Sl ¥ ’ .
15 bojlucans 5 EaL e Gbl 40 o, e SaS pwlidion) Uiisel 5o soslie slazdl il
' L
g aieo gz o lisel il ple b ad 15 e jle oy
=Skt

' Brainstorming



Olodre o i 53 Joe g a1 185 &y

hog 8L slapY ays § @i sbaplul o is aile dos laccdled alodl b oogeds cpl o o =¥
0 B wlidiians) wyo dr i Bladl 5 FGeee 6 S0l o oliulej] yo ol5gel jls | 5o EYARY
ol ol.i.wh:j

32 oM 51 B 55 50 daz wyo b e e slagriuedil g laphd (90l slaJl g ol 5o D90
i NS 50 9 S e g oddlie |y Loyl 590l 2510 B o co Lol ol90] Lilo (cwdIS 09,5 YRy
b e plowl Slaleal 28 5 (oS slo s o3 wly 5 iy ' ogSae

Slogwls g iy ;0 5 aBle Sz o5 oo piuly ol dlge 5l ealitul b ¢)l55el ils g (ol yo
Q)-.‘C‘:’.lﬁ_?

|y 550l et 5 00l Gl 1, S e sy ol iiEsicon o 53, 1y Ll o055 s

25 oo S

ks)"i‘bl‘ °}"’<Jl )15 U”‘ ‘))SLSA “""’5‘“ l) MLMU"J 4‘]4"‘) ‘5)35‘)57’ w)L'Uﬁ Ls"\’JS l“"""bl‘“"° d)"’;
Sls e Siali8l ) golinl S g

o oY

Ols

0 Oligel il 09 She las Geos mad 40 9 00,5 KaS abisl> Cogii g ledbl axbejle | g RS

b e Sy o 5 ol 5,8 plol 4y 395 3

OeplS ool Crge aS wb oo 155 0 e L slad o leedled g wgyo (B gl cpl o | 0 e ,a5-9
2 Fe sgbes el e Sl b it (slaa 28 abioe (lgel tals 0p Kl g (S | 5L las
S L) i geliilo 6,80k ogue Ay

)| oolauwl-Y -
3z 650k 4 9 03,5 JugenS 1) 65650k (M 50 lapdaenl g laphd (taled coged cpl po | g el

Sl s S 5T o S Y 50 a5 g y05 5 35901 (298 5 SN (6l 050 ol
l.@u—‘)‘@sﬁ‘&)900944C‘)M“)Léu]ymdswbsnéweuguymcLQ;.)L«S)O
g2 &85 15 &y (ol Sy oy0 00 (R0l 5 s pliie 4,
el Jsbo 4y (Lo )3T g (L) i A ey (25 5 S50 09,5 55 2 sl hisel 0y50 JS
lls elaisl cwlldcany (w)s 4 a5 80g IS o ol laads A all> g0 Joll alin jo

" Flipped Classroom



Zeinab Dehghan& Uranus Pourdahandeh 0usd 581 weilygl g slERS o)

SO )3 a5 oo I35 @53 s, 40 OT (eulibitenyy oy sl 5 Wdg: o Cug (o le
asilon Lids g asls jeam LIS )5 5 olsel il plo gy a5 YO 51 iew olssel 2l slass a8
50 Codgaze Jdo 4 Lol cdiol so dieoyge oS slaclad g isel 51 Lol Fauses
ol e shaie agh 2l Judod 0 dadised S, Jiol Gl Gl g s ase
(s Olyz 5o ol 5l 0 5 wals sage n 1) 0pd b (n3Rle leaigal (235 (el sl
Sligelomils cpl as bgsse sloosls ol bl 03Kl o Lol sladiges 51 S Slyail Lo &

cad dloe _ols Ages 4 00 g o3l (sl 1o sarenls, 5 (6 ,u5 0l slo ke ;8 35 sl

Soigel Ghey 99 50 oligel (il oo 9 Slee bl i Buion il sl anlp sl Lase
D9 5 T a0 (Ul oged 9o Jalds 4 09 AN 4 St

emled Cany 0 50 Oligel QRIS (S0l Sty Gliee (23l (A
Yo oS sl Ggasl 5l obids ey 050 53 Gigel (IS (6ol Sty Olie 23] sl
s ooliul (p9a3] Gmpmoges i) Al ye 90 (b a3l ples (sl oyl

50905 (b |y 093 gole Jlgy e yd sl oIS oo o) (hrazsi olo Sy (b il y905T S
S lp (oled Seny SUS gl b e (stw gy 4 g (ol L alBlae w5sSona (e
@loyes Vo (oS5 5031 S5 elsS Sl b Cllae 51 (8 @Mlel b s s a5 (50T il
FYESSURIRV GO SN [SON I4{ KPS JUREPOS IR I ORI P 7S VN BGH JON SRV P UL JK P CES IPY P9
S92 09,5 Olore ko eans il o jlead ools mede 5 i &5 jeb lea wn
09,5 4w g (275 09,5 du (Eyane ;0) Mad ORIl (Bolal Sjgo 4 J5US 098 ploie 4wl
b Jlesl (225 05,5 sl (sB59e] allae s (35S

sigel e Jlasl 5 QLS 51 S0 Jad 90 (5 5 (oS50l alap A e 5l ey 009051 g
39 0905l 0 4285 903l e S 09,5 (sl (T gy 4 ey dalol g gy 09,5 (s
Ol (27 5 U555 05,5 99 5 sl ge3l ol gt a3 luelas (loped Vo 5 (9051 S Julis
5o 2 b L2l (Ghisel )0 (Ll 50 09,8 50 (a0 Slas et duglie Bua L g o,
59 0503 opSils g 05 (5,18 0,05 Ghmghy opls 5l 2yl mas 90 g Ggail i 9 Oseslobe
5 U555 09,5 99 o sl roygesl oal omizmen 28,5 18 e 990 e 0yed Slsier pmas
3 9l 8590 03 S35l Y Lawgs laggeil ol line 5 )50 (s O3 GleSe 275

1



Olodro o ¥ 53 Jos g 4yl 4 ol

03,5 gy LS (slgiome b Glail 5 o ligel il (s g (2SS o b el oYl cdlit
bl gy 4 5 laggeil (abl wsges anli 1) gyl gl 3¥ Slodal Jlosl 51 my 5
o9y b 2bl Glp cadailne  Swood copo a5 85 S8 ) 0590 LLS,IL Hleras
D8 0l 500 obl g ol Cews 4y < IVE Jlade a4 gesTimg slp g /AR Jlade a4 (ygesl i sl
tom y 5 g 5l lgal il garenls, Glie b5l (0
48,5 0 500 8l dolidins S5 3l e pus y05 050 51 45500 1S (gaialo, e ob)l skiieds
g1 (o2, SalS b ool,b SelS 5l @S (slaz s g obiie ,o Mg A ol doliinsp l o
i g 9,5 o (55503l (o390 0,95 Bl ) 1y ey 05 3l Gligel tils (garanila, lies 45
S ki csxiaiold, a5 09 1 0598 (L o L JIpl ol (sl Judo s 12l (ge3l s al> 5o 5o
090 b JolS” agzlye 5 (O Ghomi 5 Ceol ppo8 al8 1 jeel il led iy (e
e 3l ailgs po 4SS pl (o cpl b ans o &l aligelils SThol 5l 65880 pgas ‘(5.‘;)'9‘]
Sl 053l e 098 iy 0o b a5 ) 5 (el slacusgae 5l (S glyiea (S LA,
Sloul 1) cusls ol Bilgs o g 0iS o Sgamma |y o Jobo jo o) Ol s alie Sl goiansls,
e 5 5 50 s, el 0j50 (UL jo HBaLS S 8 gladaxd STiol b3k is bl a5 WS
@ lsy,S ST oo awlre 5l oolatwl b js o] oLL g og as 5 1,8 W 3,50 dolidus p  pl
59 AAL».M..NJ)J A.aJal Aseus s)‘}.}‘ @‘9.».7:@ 9 &ye @‘5) R L;‘)'.’ - O 0] Cawd O «IYY )‘\.\.Lo
L)L—‘ )‘ s<\.1.>).4 k}"‘ o g/_‘!)f )l)s 4\.'09.’).0 039> u‘).la.u.,\}l.»a 9 ul.«a.»am )l o).é.i I\ 05; ASJ )L».».‘>‘
6L¢4.u)§ wLu )...a 9 ‘uy‘% w).v uoywt.o u_)‘)l...c @‘5) 9 ‘;QLMJ ‘6}5")‘“\" )90 O)L...J
Shle (el dlox Sl daay oS (S 50 (SMal (1L )0 (5lad )55 5b (bl S (o) 2 iy
Slaal b aslicn p slgize Bldail 51 losebl gl (pizmen 090 Jownlin jiogh diged ¢l U
od Mol dend gilo sles Slw 09,5 (pl lacl canss Ol las i jae olal jides 9 (iogh
szl sl b ghaw o glyie 5 )50 L 5l IRl as ols lis anls cal cd )5 )15
Syl 18 regh

5l baalicin g lagygesl 5l Jol> oS sloesls sl dmosls S g 4y sla by, (idu ;o
5 Gloro Bl ymul (1 55le) cogs Lol 51 aS (5,5bas tos solitul YY asens SPSS (g Lol 13800 3
Lo il ly (SSon 5 Wosls (35 Jloyi (o) sskiions (gl (3051 5 B ransimBy S salST (03]

! Kolmogorov-Smirnov & Levene’s Test



Zeinab Dehghan& Uranus Pourdahandeh 0usd 581 weilygl g slERS o)

ssbiteas anly0 iyl Jelo g el S Jelos Jols (bliial glaggajl 5l eizman o oolicl
Joe o B ole (lgisay 5 heass arly wnlyss uilly Jelos 5o ol soliul mls ol
2 098 0gd JFS g (owyn ey hgy E95 LS 50 el gl Jlaxst JIE ab o)y skl
Bgod o> ‘OT bl g ol plodl 5 L5)LJ Olgs o cigad pon> ColaS 1 liabol (gl o]

ool jaseis SIS S olelis gl reehy

basily
xS Olie s g, b dmaliin 10 B o yo8 slo b, il (o Bam b ol gy
V00 S aigal panm ol plonl 0235l5 5 o235l e (loas aply an o el il uenla) s
VO Jold 2580 il 2) (heams 4l a5 G5 VO 09,5 12) 05,5 93 )3 (Solaw j5bo & o5 09 55
9wl Judos VY asus SPSSl5sle 5 5l eslixal b aosls aso 8 259 (09,5 ,» 0 &
3o (Loulyly (50 5 (Sgms Sy Sl cad (K08 39 Jbo) p3Y bl Glac B

S gy Sl slaJolos

)\b (w..‘)u\) 054...4 )l u‘)}AT u*...lo LSML@) u‘).uo 9 L_S)j‘bl-' u‘;..a) M‘j LSLQ).M My
S0l prie Cloald a3 ¥ g ) Hloged o ¥ Jeuar 4o (L By, 9 BB (g 09,5 90

WPV SISO I BPR VO3 Sy SO

ogud 31 (yl3901 id1S (Guseis Ly yliwo 9 6 SOl o) Al (G o iogi Y Joua

(w9 9 MBS g5 09,5 95 5o (m yS

S Lo ) paiio G50l Gyl yuiio
59031 59031 59031 Gl
sl 0903 oM 0903 o™ 090! o 09,5 L 43y
Byl uKilo) Byl (puSileo) * 1 Silo)
Glxe Olre (lro Syl
Yo Voo £/ VIYY £ VAIAY \/#F £ \PIVF THEN TS
20 4l
YO \I-A £ YIFF YIYA £\8I5V YAY £18/V) i s, '
Yo VAY £ Y/FF VAR £ VA/SP YAY £ \F/A- THEN ESIY
SN
Yo AR A\ VIEA £ \FIYE AERTR S b, '
Yo SIAY % Y/AA VY £ 8/ VOF 100 Al b,
w235l 4y
Yo A0 £ Y/ WERAE VIAY £\2\Y S 9, )
Yo Ve £ YIVY VIVE 2VA £ SERIIY IEN Y
Yo +/2% £ Y\Y YIYe £\ZIYF Y/ AN X \ZIVA S g, o




Olodro Con i 5 Joe g g i &y i

o, Al o 31 (S gy g AIBMS (fgy 09,5 90 3O (SOl iyl o Ol ki Ao ) Hloged

20
19.5
19
18.5
18
17.5
17
16.5
16
15.5
15
14.5
14

09031 oM 4 303l

ol o il od

peXh p235L al o235l98 4y

B S 05,5 0gel G TS 05,5 09e3l G B (2285 09,5 505l iy B (2285 09,5 009051

09y 9 MBS gy 09,5 98 30 s s 3 (4l g0l IS (el ) (4l jue A liie Y 1903



Zeinab Dehghan& Uranus Pourdahandeh o y99 weilygl 9 (lidS oo

4.5

3.5

w

2.5

N

15

P p235L 4l o233l 4l
WS 058 sl o B 028 09,5 (y305] g

0303l Slyed barl dan 15 (025 09,5 a3 oe GLAS Y 5 ) Jloged 5 T Jya a5 psbles
OVl el ooges (0,55 (i (gaielo; g (005 TV ooy Dgld) 00,5 S 550
ool el saslin (YAY) J a8 w235k 50 uiomb o (F/e ) 0,20 09,5 20 4l yo gaaanls,
S ddos sloline wnli (slp Ll S oo sleiiny ooy gaw ,3 |, GBS (35, 555 p oI
ool o3Y bl

Sl pxie (g1y) bl Jedod 5 uillgsS Sl (slago 8 i (sl bl Julod 5l i
093 bl ly (SKew 5 (Bgi ol B9 5 90lS (505D) a 00ls @55 g Jloy Jold (sl
P> /D) ad anlble (58 i aed X Jgoz polie 4 axgi b aS wigd ol 5 sy (O8]

Jolds (atunly s yuiin (51 39) il ylg Judexd g il 41998 Judoxd (S (p 8 sy (smwy 0 T Jou
(09 03031) il jlg (SFod g (B pmomsl Bg )5 90lS 9031 b 0015 23585 (1092 Jlo b

sig o33! s
AN B yoomsl B9 5 50lS" (5905 S5k e
SIFA o9 3o (0se3! o)
+[-av S5 ol B3 S 5al5” (505 Gzl yite

\



Olodre o i 53 Joe g a1 185 &y

“IYEN of 093! (09231 o)

2 ol S S slp ANCOVA) aslyes uillsss Juloo 5l (Julos aalsl s
Jelse Olgie ar 7S 7 09,5 5 Shea 4l 5 ZalysS Olsie @ sl G 3T b eogeilm

el oo &L F Jgam 0 Sl e S e siges] gt sslinul eyl

S50l oyl imo yutsio (gly il ylge8 Judons gl F Jou

n? Sig. F 3T a0 Ol sk’ g

IAY ol YYY/ 4 | 5051 Gl

Y e VYIAY Y heazs 4l

- 100 e Wallat \ oS s,

o gy Jelas

ez 4l o

oY AT V/vA Y

i D86 e ol aSnl Lo A o y05 eguds 5l ligel Ldls gaieinls, e mate sl

Al oolatl anl) g0 il lg Judo 5l ogs yge5l

Gz Ld ) (4l o yutito (g1 (il 5lg Judod @G .0 Jgu

n? Sig. F ol azye Ol e

ef “eYF ¥IVY Y ez 4l

Y e \FIYY ) om¥ 03,

oy by Jelss

ez 4l o

u..i'l...a aS' 5, 9bds teils (g lolixs il Qljyiu:..;lo Gzl o e 5 g, oS ol ylid C—'L‘"
Jolss Lol eogy loline Jrazs auly Sl izmen gy VL (sl 0,5 51 Al b9, 05,5 o culs,
ezt iz glaasly (o GBS gigy 65 cnlplo s ol Jeass 4l x5 g,



Zeinab Dehghan& Uranus Pourdahandeh 0usd 581 weilygl g slERS o)

as ols uL...; G QBA)TW ).1| J)....S L u...il.l)b?f J...L';o ‘Q.ﬂ » oj)l.c Al sdlice wlie O yguods
392 S gy 09,5 5l YL (6 loline jeboas AN ) 05,5 ;3 (yselm o fions (ke

G a9 Sy
38khoe  glidiilomy Ghigal 53 (i g WS ()5 (g 99 3B dmmliie Ban b gy
ooy b dmglie o BS 5,Sy9, 45 ol s Lol s alool o590] 2ol siiazyls, 5 o
w3l Oligel Bl guianlo) 5 (a3 Slas o loline Sguge loaiee) Wil oo poplas (i
el A hjgel iy b a5 (0285 09,5 (ge3l ey Slred Sk 0095l F1 U 5 o
ol aS ol i 55 edwlcassas il olail g ogr J,uS 09,5 5l 5YL 4z g8 BB jsbas cisgs odss
S esbole 55 Guilyly Jelod gl 55 gatenalo; peiie po sl azgs BB el S 5l cglis
G5 5 A58 5l (s o Zaldy o5 )5 ol (ligal ol a5 8l s 5 0,8 0B |y 028 09,
ol g In gd i oalitul 890 lalpl ozl 0 Wb @l cnl (Jb al b iles S
(M S (Bane ol wiile plajmiie 5 onmin | saranld) 5 leass o Shee 0
o cn i 9 ol il 6, osl peiias ooty AE it slacols ad, | cuidls

ASl oleasly iz jledie) el pué O jg0d dily oo by, cpl &S CiS Glg5 e

o5 JUsb 5,650 5 [ Soaisle 5,650 slaas s gzl 5o olgiisn |y A s, 55

ol el Jriie (gloaiS Bl jo jgel zils 5 Sledlbl JEsl Lol jeme plae ¢ i 3,555, ;0 0,5
OSon 1 05 JUd (65250 55 55 g conlidiinn alio (abigy 5 L Sz b aglge )0 0500
aS adJllao Qil 4 o.\.:,a)f)lfa\.g GBI G‘z}?ﬁ] s ¢ plio yo ol asls & yS ‘_g_uT)lS Sl
u;lm}L.»Mo coluw ‘GA}.Q.EM ‘_gl.m\..i‘.\ji.’» ‘_5_>|).|o ‘6}9 U"’)L' aobe La:u...lla_‘! )‘ (5““‘9“'-7.“’ J.al...q
S5 )sel Glas,ls 5l wwdas oslatul 5 (gilwdnd (usSae Giigel o BL3L Slee b S
5 dib atsly g5 s oS i 6,80k anl B Q\ij&Jb FLERVLY ﬁ,.asl)é lea.:l).w w‘}:b.a
Wiy JS 51 yols Limgy a5 0ed oS cudd p3¥ (Jb cpl b oS 35l SGees |y ewtlie
L oo)S Lasein allax jobas | ooy, cnl 51 <SG 50w Blg5 o0 5 ol 03,5 (y 0 1y (SB590]
Sl oyl Sl ea fuinn Slalllas b a4l ol ols @il Je JYozul Jitus & g0t og, o sl
oo S5y, e ),.,L, FFECARRD) QIJL&.@ 5 whwgole adllas wile c=J.&Io 6“&“9'}1 Jleo
OLSad 5 (sdeme izmen Wilos S aST Leass 35Sl 5 ool Sogs il s [Seussle
ol ooz eplie 1 (65 S y0 Al oo (IS Lie g j9mmeeg n (Sla by, a5 Aisls las (VLY

Yy



Olodro o ¥ 53 Jos g 4yl 4 ol

Wellington 4 (v- - A) Millar g Abrahams o> Sldlas js el mlaw j0 .08 ol
S5 50 5 05550 Wlgh oo (6, K59l p a9 Jed (6 mSob aS Wilesls yLis (Y- 1) Osborne
ST (el guod 55 oz Slool b pol> iagh slaasl oas il 1) oleel ils o5l
ool (LS (6,550 Sl L GBS s 05 sl g, wies o lid Sl sl yiegy aS
2 sd e Glisel uils (LS (6550l Sgrte 4 wiilgi oo calins o a5 lgime 5 Gees
P50 50,505y Olsteds 4L 0 Soliz 05 Sy plgiea; o &5 A el copzlz 0
(Miller & Geraci, ssi o zylae cogpio mtd ) 5 3bs slaanlp gilolé slp
5ol 905l i einlejloss allls S, o GlilteKin (2025) sAte§ cpizan 2021)
ke ggme sy 5 (2505 SRelS n (e A (Bjsel sl Sy (5,55 45 ol s
GBS g Jlad o ,05 1,0y, a5 ol ] Wge el ol il 650l Ol Jloliae iuli8l 4
s b ) 4 e 5 Gans G505 etend 5 OSSOl i 53l b il oo

Blyoul b aS 09y (0,505 09,5 0 0 Slos s Ol (g ol bl jo 4z g BB OIS 51 (SO
Ay a5 2L o) oo lis Wil co gadge (pl ol sdmlive JyuS 69,5 4 Camd Himl jle
G‘}P]J‘Jb Ol 50 G pSol ol JeSleSs a4 o Slee ke (iul38l 1 ogdle BN GMJ”A,‘
9 Kalalan s<\.>9.4.: 6‘;’ o Grmod Q.J"'"‘“" L;wa':bﬁf k_§>)_\ l; L‘;’jﬂ‘ O o oo; SaS )...b
e rs,glid 5l eolaiul a5 wio,S 518 50 (VF-Y) ag LSguw Blie g e Liwl) on yo
Slacusgase o,b,s (Y- 1Y) BYbee sleolfass b solis 6 5,0 5 Jlad o5 Lis sl jo  Siw
SoleS (6,00 gl slaidl puzen ol 55l Sledbl pae jo il sl e sle o
razs o Shee ailg oo il g b 5 Glaby, a5 ol plas (VFe ) alrjend g
S5 (OY29) )5 5 ol Lidgh o 15, st sla by, b awslie jo 1, oljgel ils
2 St i e Sjite lobyy 4 e (Bigal el slos Sg, & Ced o
Ayl cwbidbcan ¢Sl

izl 6ol wiily go Canl 5 e slaas 2 (VYY) ), Kuo 292 bl

5 35 0o Vb Gblodilogs Zughi o tal (1S S i g az g (Al S g e
290 ol SxSol lp yemes ) Sen 5 Sl pl)] anes S o Seald g i deass 650



Zeinab Dehghan& Uranus Pourdahandeh 0usd 581 weilygl g slERS o)

Slalllae 51 (gl 50 ¢ s Sje0l b dunlio ;o clinmlo (e (590 45 a0 oo (LS iz
S s o aiile (pla e 33, b il oo 0T 2 0938l 5 0952 oo (e w8yt 50 b
oS Lol imedy i lie cpl 5l sl anils Lyl e bl o)Ken 5 55Tl gli!
Ol il oo g Canl Liwl o ey il b ool LiS (i (g dy S |y BN (9, (55
S5k 45 CoeS 9 (3RSl S jLine (aldl B sk Sl Gl (pA5 T ) (pad oS anl L

caies odiy | Olalllas ;o 0l wiejls by onl di o 098 oo 00l pudys

anl 5l sy Sulsy 025 09,8 a5 ol Glad il 5 ligel Gl (saiels) 0550 5

“;S)LM 9 &3.....0 6Lﬁw5) )‘ oolawl a5 .A....Jl; Lo U"‘ Le) sh‘ysn 4..3[) U”‘ el bé; u’“)‘)f U’“")“b
Gaelo) oz o Jl cnl b el 08,8 S8 ndy BB 5 polie olisel 2ils lp 1) 6ok 4,20
Al aSST 5 Gy S cnl it a8 )13 0 o (6l 03T st 9 9 odazmin )90 (Ll 5o Laid
E3o30 onl ool el (LB3gel @20 3l (ligel sl oles SThol 51 b3k wansl Jobo &l i

0 Sles paie 90,0 10 (Jazd Al 5 ;05 (g, G Jelt (6 oliae pas (6 pdy e s

azxgi Wb Jb cpl babl alils 0 )15 50 w205ls0 5 0203l o2 sl ;o Wiy co 5 Cowl ool
Pl igel dilate Ky o 5 i A o ides ddllae S wgzle o A ol &5 Sl
‘5L~.a:>u sbLH.u))‘ ‘bUaJ ).) ‘5...:L..u| QS)i")L’ °L€r--' UT qu..u‘ » U‘}'(So" ‘u.ul).vl...) ‘w‘ OJA—‘ wbcb
Olyeds lgs oo (gl (nl (Slaaidl S i oo Bge )3 3,5 il plae o 50 ol Jeu L
LsLQ‘Sw))J Ls‘)" ‘) 4...;.4) 9 .b); )l)B cél.é.';.m‘ 0)5.4; )Sobf'l.mf 6Lmdhbjf )LLS )o M J.Kbl...u &_i.'

3y30 sbioal dhay aSOT S Litls 2925 pil> ABgR ) e Cudgie Mz lole 50

O Gl el plio cals ool lojed O jgody NS gy iz 3l g 04 (glad>laeans ool
g &b odezmi 0)93 bl yd Lais guieild) pgd (LB gy alilaz b By, 0 e
o jsbay Jleiol gl glopiie (B 5 5 lodised 03Kl Sl egu Cilad (503l
Sloatuy 5 50, &5 Qa3 o0 LS pol> mghy slaaidl dacsgass (nl 352 b ais Jolos
g o Oligel s gananlo, Ghall g eams o Slas og:4 o Wl oo A 35901

AR



Olodre o i 53 Joe g a1 185 &y

ol Qe )l gwlidiann
S olboMo

o293 S Jgol 5l 69

aloyore BauSeS b sboools g Cledlbl sl oads sloul gy SWS! Jaol Cole, b ingh ol
Lias 4y by e Jgol copmzmad ol sads (g,l0045 (U1 Susp Slasin o ol 7,0 5l g 0ol (5,105
] 00 wl.c) LJ"'ABJ" JD‘;.A GALQJ B ub’..\....S;,wa Sl ‘;ILA)DLO 9 u;.os..p o>

R\ SUEPE UL g WP

adlazile o8 i dlde (il 9 (5,50 g bosls Jdow caalllas gl 2l e rpgh (b o (B ai g den
ol g addllas 1) allie oles asens Barungs adS w5l oage 1) allie sl (slgione Cudginms
..A.S‘ao;

Wodld dy (w yiwd

o3 Oyeod (Faus S b oledbl Sl e Lras g S| llasMe Judo 4 il slaosls
Sledbl Bi> 5 Kilo e Cule, b baools caanlym 10 &g 10 (ol taizncs ()05 ST ail LB
g als (o iwd BB GBarey @b 5l Suse

G w50 L ghan gk (e S5 )3LS g Wge (Lauas Sigs anedlel

Golel b aie; jo slesaly &l :Lé).oChatGPT 3l oBais @lis opl lwoslel alp o
Syg0 30 5 oy n OB Mg bawgs Il ol lawgs saliaslyl slaslpriny ¢ cdlas ailes S oolaiul
.J.S)L) oL » |) dlio GJL.QA 6‘9...7:.0 J,alf MJ}LM uL?My 9 R PR C)‘Lo‘ )Lu

&3l (o,

2,05 092 gt ()l b e e adle ol 58 s aF wlS e pdlel By g

S ol

ol 00 ﬁl}u‘ 6‘M§A La uLo)LMJ S )| ‘SAALIA.A}‘ LS]LA u.:l.o.} 9 UA&QJJ U"l

S5l Sl

S1y8 ilanils (5, Sen dllie (905 g akd 9 ook Gl G2l )0 a5 ol ales 5l alwginay
Seu Slp bl g cole sboolpiing o olSuus al)l Jdoa e olygls 5l cpizran 040 o
550 (835l i

ORCID
Zeinab Dehghan http://orcid.org/0009-0005-9559-9005



http://orcid.org/0000-0002-6639-9339
http://orcid.org/0000-0002-6639-9339

Zeinab Dehghan& Uranus Pourdahandeh 0usd 581 weilygl g slERS o)

&bw

5 5 5 isel opolin Jso diaw il desyo. (VE2Y). (hy9 0 9 (90l Sladllas olSimgs
cOhen s Ol Oldllae oRamgn olns 2l sletel, 5 of, 4l epgdo
/https://sanadtahavol.ir/2791-2

Oliee b T aluly 5 Gy 5o B 5 Jeb (e yo8 g, Sl ool oy (VF0Y) ps ol 3
- o g el (slodi ] 40 (90,0, 0 Sl (Lo (ulpAS Craago. Gligel (il 650k
. https://civilica.com/doc/1648345 .Ls o

bl b (Do g, 4 390l 13T amglin OV F+ ) o)l (o908 g cabold ¢SS (5 e
09 e g Bl (o)l by sgtes ()0 50 mad sl Oligel (RIS (deazs 3 Sles
. https://itt.cfu.ac.ir/article_1993.htmI\Vs«-\YY (12) V . ladeo o

oslis psle oo 3o gl (1S (65050 Bliee y (Redl (90l 53U O YAY) o5 o g5
. SID. https://sid.ir/paper/155437/fay'YA-YY\ (8) 1 ¥ «(5j50/ 9 (5,9l8) 00!

pole <5 agi g aalllae Glosle (Dt 090 0 (o2 eple uuryli g VT2V, Teolzig Lol
(Caw) olSiils Sl

Olllas. psle oy 6553k sosihe 4t | eslitul L3 (VYAY) L Laije (i) rpam
.https://pma.cfu.ac.ir/article_502.htmlI?lang=fadA-A\ (4) I 2(L5 550/ 9 550/
0 D 5 Ik oS0l 5 BN ulol r Sysn 5 (el el S5 aie lgime
. SID. https://sid.ir/paper/223415/fa\aY-\#0 (3)A  ilus! psle

coban s Ohisel oeoby e e OYA (Sep o odal e el
https://rc.majlis.ir/fa/law/print_version/805637
Ol Q‘)ﬁ""&""‘o ‘51....42!3 K_AB)M o),.i‘ 9 6&.@‘)509} » ‘;‘;OLAJ)L&AJ ‘))S'.'.B) »
. https://pma.cfu.ac.ir/article_1631.ntmlI\ - Y-AY (1) )+ . 2lL5j50/ 5 iijg0]

— o253k anl polyen il 03938 Camdly LT OV FY) DU s Lew Bl g lacl (O
Slellbe, oolids oy )> Silme Siigel )3 QI8 amyie (lisel s 6Tl
. doi: 10.48310/pma.2024.12197.3600 YAZ-Y&Y (3) 11 « allijsel 5 ijg0/
https://pma.cfu.ac.ir/article_3913.html
oe 5 i ol S (656590 Glien p0 (Gl 5 (Shjsel pled Saled ¢ Sl o
. https://itt.cfu.ac.ir/article_1659.htmI\FA-\YY (10) £ . ladeo oo i 0

w)}n—l B ‘5...4)9.0] Q"ﬁ" ‘5'.@‘4)3L.5 )‘ oolawl (\ ¥ Y) p...:.a ‘6)&.4 9 ‘w,o ol oo 4.>9.1 w‘;
e /‘ﬁlc J "J}L’i" ‘L;“’L"‘f""/}) u‘a“j/ o U"“'L"“'r U""‘"z"")"[“’ el P?l'c
https://civilica.com/doc/1689825

AR


https://sanadtahavol.ir/2791-2/
https://civilica.com/doc/1648345
https://itt.cfu.ac.ir/article_1993.html
https://sid.ir/paper/155437/fa
https://sid.ir/paper/223415/fa
https://rc.majlis.ir/fa/law/print_version/805637
https://pma.cfu.ac.ir/article_1631.html
https://pma.cfu.ac.ir/article_3913.html
https://itt.cfu.ac.ir/article_1659.html
https://civilica.com/doc/1689825

Olodre o i 53 Joe g a1 185 &y

=

deole Mol o iglod ol oyd IS 58 Gligel Gals SIS 3595 Sl 9 5 jg 00

b ednl 4 oIS 00, L b 5 sl 5 ol psle o wlis
https://civilica.com/doc/1782388

Colisel il deast Cdiig e, e sl gy LU OFY) bl (soee
https://civilica.com/doc/2281342

References

Abdulameer, Z., & Al-Tamimi, R. S. (2020, April). Active learning and creative
thinking. Opcion: Revista de Ciencias Humanas y Sociales, (Extra No. 20), 657—
673.https://www.researchgate.net/publication/340389843 Active Learning_A
nd_Creative_Thinking#full TextFileContent

Abrahams, I., & Millar, R. (2008). Does practical work really work? A study of the
effectiveness of practical work as a teaching and learning method in school
science. International Journal of Science Education, 30, 1945-
1969.https://doi.org/10.1080/09500690701749305

Amirseit, U., Bakbergen, S., Temirkhan, A., & Bassygarayev, Z. (2024). Evaluation of
the effectiveness of innovative methods in biology teaching. BIO Web of
Conferences, 100(3), 01004.https://doi.org/10.1051/bioconf/202410001004

Ates, H. K., & Giiltekin, M. (2025). The effect of a question-embedded movie clips
learning program on learning outcomes and study satisfaction: A quasi-
experimental pretest-posttest study. JMIR Nursing, 8,
e71111.https://doi.org/10.2196/71111

Bybee, R. W. (2013). The case for STEM education: Challenges and opportunities.
NSTAPress.https://www.scirp.org/reference/referencespapers?referenceid=241
1265

Cooper, P. (2004). Effective teaching and learning. Open University
Press.https://books.google.com/books/about/Effective Teaching And Learnin
g.html?id=0QfoAAAAQBAJ

Ebadi Manas, G., Sepehrian Azar, F., & Jamei, R. (2021). The effect of biology
education based on the constructivist approach on students’ self-efficacy and
achievement motivation. Journal of Educational Studies, 10(1), 81-103.
https://pma.cfu.ac.ir/article ysvy.html. [In Persian]



https://civilica.com/doc/1782388
https://civilica.com/doc/2281342
https://www.researchgate.net/publication/340389843_Active_Learning_And_Creative_Thinking#fullTextFileContent
https://www.researchgate.net/publication/340389843_Active_Learning_And_Creative_Thinking#fullTextFileContent
https://doi.org/10.1080/09500690701749305
http://dx.doi.org/10.1051/bioconf/202410001004
https://www.scirp.org/reference/referencespapers?referenceid=2411265
https://www.scirp.org/reference/referencespapers?referenceid=2411265
https://books.google.com/books/about/Effective_Teaching_And_Learning.html?id=OQfoAAAAQBAJ
https://books.google.com/books/about/Effective_Teaching_And_Learning.html?id=OQfoAAAAQBAJ
https://pma.cfu.ac.ir/article_1631.html

Zeinab Dehghan& Uranus Pourdahandeh 0usd 581 weilygl g slERS o)

Gholami, A., & Araghi Sogolitappeh, L. (2024). The effect of mobile augmented
reality on the teaching—learning process of Farzanegan School students in virtual
biology education. Educational and School Studies, 13(3), 367—
386.https://doi.org/10.48310/pma.2024.12197.3600. [In Persian]

Gholami, A., Shabani Eskalaki, R., & Ghorbani, M. R. (2020). Comparing the
effectiveness of lecture, educational film, and blended teaching methods on
biology learning. Theory and Practice in Teacher Education, 6(10), 132—
148.https://itt.cfu.ac.ir/article_1659.html . [In Persian]

Golestani, S., Raeisi, A. A., Mohammadhani, F., & Asghari Hesamieh, R. (2023).
Investigating the necessity and importance of fostering students’ creativity in the
classroom. In The 1st International Conference on Sociology, Social Sciences,
and Education with a Future-Oriented Approach, Bushehr. Retrieved from
https://civilica.com/doc/1782388 . [In Persian]

Jafari Kamangar, F., & Firouzejayi, S. (2021). Comparing the effects of traditional and
inductive teaching methods on the academic achievement of tenth-grade
students in Persian grammar. Theory and Practice in Teacher Education, 7(12),
127-160.https://itt.cfu.ac.ir/article_1993.html . [In Persian]

Kalaian, S. A., & Kasim, R. M. (2017). Effectiveness of various innovative learning
methods in health science classrooms: A meta-analysis. Advances in Health
Sciences Education, 22(5), 1151-1167.https://doi.org/10.1007/s10459-017-
9753-6

Karamati Nojeh Deh Sadat, M., & Shekari, M. (2023). The use of modern educational
technologies in teaching science. In The 16th International Conference on
Psychology, Counseling, and Educational Sciences. Retrieved from
https://civilica.com/doc/1689825 . [In Persian]

Khoshneshin, Z. (2018). The effect of integrated teaching on students’ learning in
science class. Educational Technology (Technology and Education), 12(4), 321—
328.Retrieved from https://sid.ir/paper/155437/fa . [In Persian]

Kuo, M., Barnes, M., & Jordan, C. (2022). Do experiences with nature promote
learning? Converging evidence of a cause-and-effect relationship. In S. Barrable
& R. Beames (Eds.), High-Quality Outdoor Learning (pp. 47-66).
Springer.https://doi.org/10.1007/978-3-031-04108-2_3

YA


https://civilica.com/doc/1782388
https://doi.org/10.1007/s10459-017-9753-6
https://doi.org/10.1007/s10459-017-9753-6
https://civilica.com/doc/1689825
https://sid.ir/paper/155437/fa
https://doi.org/10.1007/978-3-031-04108-2_3

Olodre o i 53 Joe g a1 185 &y

Martins-Omole, M. 1. (2015). Effects of concept mapping and experimental techniques
in teaching biology in secondary schools in Federal Capital Territory Abuja,
Nigeria (Master’s thesis). Ahmadu Bello University,
Nigeria.https://oapub.org/edu/index.php/ejes/article/view/280

Miller, A. L., & Geraci, C. (2021). Creative teaching and learning approaches to
support cognitive engagement in the classroom. Teaching and Teacher
Education, 103, 103340.https://doi.org/10.1016/j.tate.2021.103340

Ministry of Education. (2011). The Fundamental Transformation Document of
Education. Supreme Council of Education.
https://rc.majlis.ir/fa/law/show/805637 [ In Persian]

Mohammadi, A. (2024). The impact of modern teaching methods on students’
academic achievement.Retrieved from https://civilica.com/doc/2281342 . [In

Persian]

Research Institute for Education Studies. (2024). The model school of the Fundamental
Transformation Document of Education: Conceptual framework, roadmap, and
implementation guide. Tehran: Research Institute for Education
Studies.Retrieved from https://sanadtahavol.ir/2791-2/. [In Persian]

Robinson, K., & Aronica, L. (2015). Creative schools: The grassroots revolution that’s
transforming education. New York: Viking, Penguin Random House
LLC.https://www.scirp.org/reference/referencespapers?referenceid=1857079

Samiei Zarfargandi, M. (2014). The effect of using concept maps on learning science.
Educational and School Studies, 3(4), 81—
98.https://pma.cfu.ac.ir/article_502.html?lang=fa [In Persian]

Shokoohi Amirabadi, L., Delavar, A., Abbasi Serok, L., & Koushki, Sh. (2018).
Content analysis of the Fundamental Transformation Document of Education
based on creativity and happiness. Innovation and Creativity in Humanities,
8(3), 165-192. Retrieved from https:/sid.ir/paper/223415/fa . [In Persian]

Soleimannejad, A. (2021). Teaching methods of science in elementary school. Tehran:
Dibagaran. [In Persian]

Torabi, Z. (2022). Investigating the use of active and creative teaching methods in
teaching and its relationship with students’ learning. In The 2nd National


https://oapub.org/edu/index.php/ejes/article/view/280
https://rc.majlis.ir/fa/law/show/805637
https://civilica.com/doc/2281342
https://www.scirp.org/reference/referencespapers?referenceid=1857079
https://pma.cfu.ac.ir/article_502.html?lang=fa
https://sid.ir/paper/223415/fa

Zeinab Dehghan& Uranus Pourdahandeh 0usd 581 weilygl g slERS o)

Conference on Applied Studies in Educational Processes, Bandar
Abbas.Retrieved from https://civilica.com/doc/1648345 . [In Persian]

Wellington, J., & Osborne, J. (2001). Language and literacy in science education.
Open University Press.
https://www.researchgate.net/publication/266864338 Language and L.iteracy

in_Science Education

Wilkins, A., & Holtham, C. (2012). Organisational creativity: Building a business Ba-
Haus? Creative Education, 3(6A), 1034
1041.https://doi.org/10.4236/ce.2012.326156



https://civilica.com/doc/1648345
https://www.researchgate.net/publication/266864338_Language_and_Literacy_in_Science_Education
https://www.researchgate.net/publication/266864338_Language_and_Literacy_in_Science_Education
https://doi.org/10.4236/ce.2012.326156

