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EECCECI RN SIS In recent years, significant advancements in digital technologies
and artificial intelligence (Al) have fundamentally revolutionized the structure of higher

education. This transformation, coupled with increasing complexities in educational
environments, has created new challenges in the professional development of faculty
members. Recent empirical studies and theoretical investigations indicate that traditional
professional development programs, despite substantial financial investment and
institutional commitment, have encountered significant limitations, including a lack of
temporal and spatial flexibility, an absence of personalization, limited continuous feedback,
and failure to adapt to evolving educational needs. Mobile learning technologies and Al
systems, with their advanced capabilities for analyzing complex learning patterns,
personalizing educational content based on individual preferences, and providing intelligent
real-time feedback, can effectively address these multifaceted challenges. This research aims
to design an innovative conceptual framework for Al-based mobile learning tailored to
support the systematic self-improvement of faculty teaching competencies in higher
education institutions.

This applied, interdisciplinary study employed a design-based research approach
implemented through four iterative cycles: (1) Problem analysis and identification through
systematic literature review based on PRISMA guidelines across three domains: mobile
learning, artificial intelligence, and professional development with a focus on teaching
competencies, resulting in the selection of 37 articles from Scopus, Web of Science, ERIC, and
PubMed databases; (2) Design and development of the conceptual framework through
synthesis of theoretical and empirical findings using thematic analysis; (3) Validation involving
15 experts in educational technology, artificial intelligence, and higher education fields; and
(4) Redesign and finalization of the framework. Research validity and reliability were ensured
through a design grounded in robust theoretical foundations, data triangulation, expert
validation, and transparency in the research process.

The proposed framework comprises four key dimensions and 20 sub-components:
Input dimension (identifying individual needs and characteristics for developing personalized
pathways); Processing dimension (analyzing data using artificial intelligence algorithms);
Output dimension (delivering actionable services and content); and Support dimension
(providing necessary infrastructure and services). The self-improvement process is designed
as a cyclical and continuous framework encompassing five distinct phases: initial assessment,
development pathway planning, implementation and learning, continuous evaluation, and
reflection and modification. Validation results from 15 experts demonstrated that the
framework was significantly supported across all evaluation indicators, including
comprehensiveness, applicability, innovation, and logical coherence (p < 0.001).
The presented conceptual framework provides a comprehensive, innovative, and
integrated approach for designing intelligent mobile learning systems to support faculty
members' self-improvement in teaching competencies. By integrating the four dimensions
within a five-stage cyclical process, this framework encompasses all essential components for
an intelligent, flexible, and effective learning system. Key strengths include personalized
learning pathways, intelligent needs analysis, and flexible access to educational resources.
This framework provides a practical foundation for designing and implementing an intelligent
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mobile learning management system in higher education. Research limitations include
validation limited to 15 experts and a lack of experimental implementation to confirm
practical effectiveness. For future studies, it is recommended that pilot projects be conducted
in higher education institutions and intelligent algorithms be designed for dynamic needs
analysis and provision of flexible learning pathways.
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Table 2: Sample of Thematic Analysis Process from Selected Articles
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The impact of the APOS constructivist model and inquiry-based approach on
enhancing learning levels of newton’s laws

Z. Hamed Ghafarian, F. Khodadadi Azadboni”

Department of Physics Education, Farhangian University, P.O. Box 14665-889, Tehran, Iran

ABSTRACT

Teaching physics concepts, particularly Newton’s laws, in lower
Received: 06 October 2025 secondary education faces challenges such as incomplete understanding and student
Reviewed: 21 November 2025 misconceptions. These issues often arise from traditional teaching’s emphasis on memorizing
Revised: 10 January 2026 formulas and neglecting the cognitive construction of concepts. The Action-Process-Object-
Accepted: 26 February 2026 Schema (APOS) model focuses on active knowledge construction, identifies cognitive

weaknesses, and facilitates effective instruction. The inquiry-based approach further
enhances conceptual understanding by encouraging active participation and reflective

KEYWORDS: thinking. This study aimed to investigate the impact of classifying learning levels using the
APOS Model APOS constructivist model, combined with inquiry-based teaching, on the performance of
Inquiry-Based Approach ninth-grade students in learning Newton’s laws. The objectives were to evaluate the
Newton’s Laws approach’s effect on improving learning levels, identify the Newton’s law most influenced by
Learning Levels it, and determine the learning level with the greatest progress. The study sought to provide
Physics Education strategies to enhance physics education and address misconceptions in dynamics.

Constructivism M This quasi-experimental study employed a pre-test/post-test design. The

population consisted of all ninth-grade students in Mashhad during the 2022-2023 academic
year. A sample of 29 female students was selected using convenience sampling. The data

* Corresponding author collection tool was a researcher-made test assessing learning levels for Newton’s laws. The
X F.khodadadi@cfu.ac.ir test’s content validity was confirmed by physics education experts and teachers, and its
@ (+9851)38784000 reliability was established with a Cronbach’s alpha of 0.7. The educational intervention was

conducted over six 100-minute sessions, including direct instruction with real-world
examples, group problem-solving, and group discussions to foster reflective thinking.
Activities such as inertia experiments, acceleration analysis, and object collision analysis were
designed. Quantitative data were analyzed using statistical software and the McNemar test
at a 0.05 significance level. Qualitative data from observations of student behavior were
analyzed through inductive content analysis.

The results showed that the APOS constructivist model with an inquiry-based

approach significantly improved students’ performance in learning Newton’s laws. In the pre-
test, mean correct response percentages were 59.2% for Action, 28.7% for Process, 27% for
Object, and 16.6% for Schema, indicating weaknesses in higher learning levels and incomplete
mental constructs. Students struggled with deep conceptual understanding and analytical
problem-solving. In post-intervention, these values increased to 89.1% (Action), 88%
(Process), 84.5% (Object), and 71.3% (Schema), with changes of 29.9%, 59.3%, 57.5%, and
54.7%, respectively. The McNemar test confirmed significant differences (p<0.05) for the first
law at Process and Object levels, the second law at Object and Schema levels, and the third
law at Process, Object, and Schema levels. The second law (dynamics) showed the greatest
improvement with a 53.5% average increase. Qualitative analysis confirmed students’
progression from the Action level to higher levels.
The APOS constructivist model with inquiry-based teaching reduced
misconceptions, such as the need for continuous force for motion or non-zero resultant
action-reaction forces, by fostering reflective thinking and active participation. Using this
constructivist model in physics education enables meaningful learning, leading to students’
awareness of applying laws, principles, and formulas. Teachers are recommended to adopt
this model to enhance learning levels.
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Fig. 1: Teaching based on the APOS framework, based on the inquiry approach for the topic of Newton's laws
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Table 1: Mean Percentages of Correct Responses across Learning Levels for all
Newton’s Laws
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Table 2: McNemar Test Results for Newton's Laws

g S5k o EIRITEE
Asymp. Sig Chi-Square learning level Newton’s Law
0.212 1.561 Action Jos
0.000 15.613 Process a1, "
Jsl sl
0.009 6.759 Object ¢ o First Law
0.055 3.692 Schema |5z o
0.136 2222 Action Joe
0.067 3.361 Process a1, "
P> Ol
; . Second Law
0.001 12.000 Object £
0.000 20.000 Schema o sz ,b
0.775 0.082 Action Jes
0.022 5.281 Process anl, »
P gl
0.000 17.455 Object & o Third Law
0.001 11.115 Schema o gz ,bo

‘A;:{T)é lea...; 50 ;5‘2}9‘—‘ FICERW axq5 b ,..,L\ PRCER NN @L.J
P98 adgl S50 Lo 4 Jos gl &5 13 sl o)lgz )l g 6 o
sools Judow crrmman 8,515 5b cov 1S el il
iss ol 0l ln a5 ol ol el e 5 oseslote
O3oslom 5o Y & g3l tay 5o TYVIY Sl b cagdes
G2alS) LAVIY 4y LOMF 5l ags ol sl (LOAY zals)
CLENIY G2alS) LY 1Y @ /8 3| pgms 008 sl g (1 FV/E
alsloe cuie 8l sammsplas b pals opl cél uals

ol b oS o) 52 559018 GAPOS jy e (bjgel



Tech. of Edu. J. 20(2): 223-236, Spring 2026

Yvy) VFed ylgs oF oylods Fe s o i g0l (6 y9Lis ode a4y piii

Opoilm 59 g (G5 Gz g wg wle) ez 93 9595 oo
9 (/21X Jlg) 1V v v as 0] )8 o 50 Cwys slagwl duoyo
ol S laalive 8l Ll (JEYN) AT & o b o
5 S ey wiuilys 295 slacon o ol il oS sl
peplie (ol g 0iS Jlod @llbee Sz 50 5 plp O jgoa 1) 2STs

By 4 plaal 3595 wiile (e slacaadse o,

(AT 5 25D i o 398 -

s sz ) JIg) Joe gl o olisel s (seiliin 50
5o Lol caszals pem 0 Sles (Cawyo Fewly LYY (2aSTly g oS
faly TPV 2Ty G 55 5,8 ol Y J5m) T8 o
°)‘5C)Jo 9 (C,w;)b G“"b JAYIA ‘me)'.f'.’ MT}J Y J‘}w) ;LS"“ ‘(C,w;)b
S sling i o e iyl 45 olite] aiile ol agdpS edims LS
YY) u»u.ﬂj 9

S Jol 0B slaosls Jolo sl oadigl Snl (S elae ¥ Jgozr
Table 3: Qualitative Themes Extracted from Analysis of Newton’s First Law Data
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Table 5: Qualitative Themes Extracted from Analysis of Newton’s Third Law Data
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enhancing the spatial abilities of architecture students
F. Dabbaghian’, H.R. Azemati™, B. Saleh Sedghpour?

1 Department of Architecture, Faculty of Architecture and urban planning, shahid Rajaee teacher training university,

Tehran, Iran
2 Department of Educational Sciences, Faculty of Humanities, shahid Rajaee teacher training university, Tehran, Iran

ABSTRACT

Architectural design as a thoughtful construction of space requires
Received: 25 July 2025 complex and multi-stage processes that involve spatial visualization, understanding, and mental
Reviewed: 22 September 2025  rotation. Spatial thinking is one of the main factors of human intelligence that helps to
Revised: 20 November 2025 understand, recognize and manipulate shapes and images. Education using technologies such
Accepted: 12 January 2026 as virtual reality, 3D modeling tools, and software can effectively enhance students' spatial

thinking. These technologies not only help to provide better spatial concepts and skills, but also
affect the ability to analyze, recognize and think to solve problems. SketchUp, as a type of 3D

KEYWORDS: design software, is a powerful tool for creating accurate and realistic models of buildings so that
Spatial ability the use of this software in the architectural design education process can help students to
Architectural Design strengthen their spatial thinking skills and provide the best design methods. Therefore, this
Education research focuses on the use of SketchUp in architectural design education and its impact on
Sketchup students' spatial abilities.

The present study adopted a quasi-experimental within-group design conducted in
three phases: pre-test, SketchUp training, and post-test. The initial step involved assessing the

* Corresponding author spatial abilities of the students before SketchUp training using a questionnaire consisting of 10
& gzemati@sru.ac.ir visual questions. The second step consisted of SketchUp training conducted over 21 sessions,
@ (+98912) 1995130 each lasting six hours. Training was delivered through instructional videos and practical offline

projects. Following the completion of the training, the spatial abilities of the students were
reassessed using a post-test questionnaire containing 2 visual questions.

The study population included 51 female students from 11th-grade architecture classes in a
vocational school during the summer 2022 and summer 2023. A sample of seventeen students
was selected using purposive sampling. Data collection utilized a researcher-designed visual
Likert-scale questionnaire, validated through expert opinions for content validity. The reliability
of the questionnaire was confirmed with a Cronbach's alpha coefficient of 0.864. Data analysis
was performed using paired samples t-test with SPSS version 26, assessing the impact of
SketchUp training on students' spatial abilities. This methodology aimed to evaluate the
effectiveness of SketchUp training in enhancing spatial thinking skills among high school
students studying architecture.

The findings showed that teaching through sketch with test (t=2.286) and (p=0.036)
had an effect on students' spatial ability and the difference between the mean scores before
and after the test was significant. Also, training had a significant effect on spatial visualization
with the test (t=2.814) and (p=0.012) and it had been strengthened during the projects.
Commands to COPY (t = 2.63), UNION (t = 3.20) and Commands to SLOPE (t= 3.10) were the
most used and effective. Moreover, due to the lack of significant effect (P>0.05), the difference
between the mean scores before and after the test was not significant and Sketchup training
had no effect on Spatial Perception. In addition, based on the non-significance level of the test
(t=1.499) and (P>0.05), teaching with Sketchup software did not result in a difference between
the mean scores before and after the test and did not have significant effect on the students'
mental rotation.

Teaching through Sketchup software has led to a significant improvement in
students' spatial ability and spatial visualization. These results show that Sketchup can be an
effective tool for teaching spatial and architectural skills. But it had no significant effect on
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students' spatial Perception and mental rotation. Therefore, to strengthen these skills, the use
of other tools and methods and the need for more diverse training programs are recommended.
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Tablel: Questionnaire sample for the "Spatial Perception" test

« 2lad S sasl
(Spatial Perception test)
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= == Y ! e
abgs (g 5le o O o 5 Lo csle Seitlo sl g5le Joe oL plel g5le o %
(Landscaping Modeling) (Plan Drawing) (Fagade (Building volume modeling) (Basic volume modeling)
construction)
=
a
oA
3
Sk elon iledae o
(Final project modeling) E_

€l S50 (gasl s ilo e (sl clin 38 QLY Jar
Table2: Choosing the right object for modeling/"Spatial Perception" test
sl Ul BB s an 35 S0 5l e
(More than one option can be selected.)

g Jebaies —0 pls a0 50) plus il Jebiis e S
(cylinder) (Cube, rectangle) (Cube)

etc. (square-circle-rectangle and..)
2 1 3 2 1 3 2 1

3 2 1 3

fusloads sl by ol pae plaS L «) o)l Dby yoi® (gom 4w ploe>l-)

1. The three-dimensional volumes of "Exercises No. 1" are made with which basic volume?
Sailoads adlo aly Lol pome plas L €Y 6T o,leds Oy yoi»  Sleislu plsl-Y

2. The construction volumes of "Exercises No. 2 and 3" were made with which main volume of the foundation?
Sailoass aslo by Lol o> plaST L «V 5% 90 5Fo0 Lo Dl poi» Los 31,k 5l Sleislu ploesl el jo-Y

3.In the construction of building facades "Exercises No. 4, 5, 6, and 7" with which main volume of the base were made?
fuiloass axsl aly (Lol poem plaST L «Q6A o Lot iy yo3» Dibac &l jgiws 3 b 5 Db el g o 5 ,0-F

4.In drawing and modeling the plan through Dibac commands, "Exercises No. 8 and 9" were made with which main volume?

fudloass axsle aly (Lol KoL oo plaST L €V o)leds oy o (g5luabgore olu 5 o 5 00
5. In the drawing and modeling of landscaping "Exercise No. 10", with which volume or main shape of the base are made ?

Sailoads aSlo auly Lol JSG L po plaST L oled 0550”0 Cud 5 Clus qpu i >k jo-)

6.In designing, drawing, modeling and sheeting, "the final project with which volume or main shape of the base are made"?

Colad pucm? 903 (sl el ins ¥ Jgor
Table3: Questionnaire sample for the "Spatial Visualization" test
B2 OB e (oslael ooy, 8)00lainl e 4y a5 sloan ¥ 51 Sy
(Give each of the following items a score between 1 and 5 depending on the amount of use.)

b L= s Lgie ] oS k> bayss

(objects)

(very much) (Much) (medium) (Low) (very little)

RS S

pull/push)y
3 59,56
(subtract/Slice)
oS aslsl
(union)

OS5 )l

slope)
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(Give each of the following items a score between 1 and 5 depending on the amount of use.)

b L= s Lgie o oS sk boeyss

(very much) (Much) (medium) (Low) (very little) (objects)

@rc/circle/fillety :y5,5s,5

oS a¥ Y
(layer)
RERBY
(copy)
ools abolay

(intersect)

1.Which construction methods did you use in modeling the three-dimensional volumes of "Exercise No. 1?"
Fay0505 oliiwl Colu Glooged plaS 51 €YY o Lot Sliy yoi» glaislu plxs! clo jo-¥
2.Which construction methods did you use in modeling the building volumes in "Exercises No. 2 and 3?"
f038,5 solainl colu sloogeds plas 51 «F o Lot Dl o L 3,k 5l glezsls plsl Sl jo-¥
3.Which construction methods did you use in modeling building volumes through the "Exercise No. 4" view ?
ay0g05 oolitul il (sloogeds plaS 51 «AgA o)les iy 503> DibAC ol jgiws 5,k 51 (D (g5le e 5 pums i ,o-F
4.Which construction methods did you use in drawing and modeling the plan through Dibac commands "Exercises No. 8 and 9?"
F0u0,5 oolazul clu slaogds plaS 51 €V e o lads o 5o (g5lwabogome (g5l Jon g pumsyi H0-0
5.Which construction methods did you use in drawing and modeling landscaping "Exercise No. 10 ?"
Fau0,5 oolainl clu slrogeds plaS™ 51 Hled 059w (guiucesd 5 (g3l de qomm 5 (> l,b o)
6.Which construction methods did you use in the design, drawing, modeling and sheeting of the final project?

€0 (23,20 a3l sl Al S5 wigei :F Jour
Table4: Questionnaire sample for the "Mental rotation" test
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(Give the following option a score between 1 and 5 depending on the amount of use.)
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Table 5: "Spatial ability" evaluation criteria

Spatial Ability Test ‘:L.as ‘53.1.;1,3 O3

(Mental rotation) i > (Spatial Visualization) .o (Spatial Perception) S)a

(Use of construction methods) <ol glrogids 8,8 (Use of construction methods) <-lu (gldogas o 5,8 (Detection of base volumes) 4, sl S S
EWROgw O ) SWROgw O ) 25 P QRTs

(Object) 4545 ) (Object) 4555 A (Object) 4,5 ¥
o V-

(post-test questions) g1 o Jlse ¥

(pre-test questions) an)‘—l

geeeseenassanattsanaanaene (K7 LU alxs! anils
E (Perception) (Detection of base volumes)
okl g :
(Berirs designingl (Building volume modeling) leislw plaxa! (55l Joe =¥ 1
(Facade construction)led < lus—Y
(Plan Drawing) (3 a5 ~F 2 ol sleogais u)ls
(Commands training) (Landscaping Modeling) 5 lwabogoxe -8 = (Use of construction methods)
B

(Drawing similar examples by the teacher )y yhe bawgi asline (SLBAigal puns

[KELETTTTN

-
%
(Sending video by the teacher (off-site) (5 ygua> yui) o yoo aawgi pbad Jluoyl =) 2
.

(Non-attendance teaching method)

931 e

(pre-test)

Sending video by the instructor (face-to-face) (s ;942w yis Jamgs plud Jluoy1 =)

(Doing practical work by the student) gxidls tawgs as IS pla! =¥

(Sending video to repeat content offline) ¢y ST & jguay cdllas ;1,5 oy ol Jlw sl =T (Face-to-face teaching method)

PLLTTLLLTITLTSS

2lad Lol a8
(Factors of spatial skills)

Sl b
(Schematic design)

(The principles of volume composition) plaxa! sdisemsS 5 Jgeo! -
(Volume composition methods) alxa (sodsmS 5 (sUogas =¥

(Freehand volumetric concept design) o131 b a2 CamndlS > -

(There -dimensional modeling) (suas 4w (33l Joe —F

(Principles of architectural design)

(Sending video by the teacher (off site) ((§ ygad> yul) w90 lawgd plid Jluw,!-)

SXS lsh (5318 ol (5390 Aiges Byl bl Sy

(Teacher's discussion, presentation of a case example, ideation, brainstorming)

WSS g axdo calal s (e A G s 99 akieaS B s3I e =Y
Ideation, 2Dcomposition, combining visual forms of line, point, plane and 3131w b >,k

3 (Non-attendance teaching method)
shape, freehand drawing.

STy g S =T

aesmsrsnsnrsnnnnnnnne,

(Online correction)

s>hboe>

(During design)

(Sending video by the teacher (off-site) (5 ;9ai> yul) o yhe trwwgi plud Jlu 1 =)
(Multiple corrections in person) (3 ;348> & ;340 43 SAtie (ygamS ;5 =Y
(Providing case examples) (33,94 sWaaiges blei —Y

(Doing basic homework and composition in class) (WS ;3 A i 9 Al IS oLl -F (Face-to-face teaching method)

“sssssssssssnnnnes

(Sending video to repeat content offline) ¢y M1 & ygeay dllas ;1,55 Cuger pld Jlos )l =0

ernmnns

(2 Wbples| asls
teesEsssEssEsssssssEsssssnEn (Perception) (Detection of base volumes)
:
IR g (Volume modeling of the desired plan) wellae = b 3| oz (33loJoe =)
=P Axwed
(o deieion ) (Site modeling) abgxs (5 3lw Joe =Y
i ils of s (o % 5 oLed o L85 ld e S

(Presenting details of maps: (Sulw s st dab o b A28 Sl 1,17 e

plan, view, section and site)
(Sheeting and presentation of the final poster) o lJ yiwgs 41,1 9 sy (Use of construction methods)
(Project modeling)

(Animation from the design collection)z )b asgazs JS 31 ¢

(Virtual correction (off-site) (s ygea> ya£) (5 3o O 5940 43 (ygaunS 5 =)
(Providing a similar pattern for sheeting) (g oyt (51 4slis (551 S K151 =Y

(Non-attendance teaching method)

(Virtual correction (off-site) (( ygea> yaf) (5 3 Lxe © y940 43 (ygamnS 5 =)
(Adjusting the sheets) b gy palits =Y

09051 ome

(post-test)

£ S S 53 aline 58U Sy B11-Y
(Presenting a similar pattern in the direction of various sheets)

(Face-to-face teaching method)

SH
(Factors of spatial skills)

b anl Bl Al e a5 e )05 g g ()0 Sleime (g jgel asliwlul Y JSs
Fig. 1: Educational protocol, curriculum content, teaching method in three stages of the design process.
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[ N
i W LS aYaY o s Wl o3FeS JBan
{1 & s
(Visualization) bttt Cul (o | (layer) (fillet) (slope)  (union)  (subtract) (pull/push) g ¥
— oSl
2 questions
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Fig. 2: Relationships between pre-test and post-tests with homework
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Table 6: The results of the t test for the "spatial ability" variable.
Slass o
795 Sraigel (Kwror . .. ” clh:u
Paired Samples Correlations A (et 6)t>
N Correlation Sig.
Pair 1 VAR00001 & VAR00002 17 .418 .095

(Paired Samples Test) > 9 (slvdigesd y903]

sl i Olaebl alols atals
- J2 95% Confidence Interval of @"‘“
3 lastesl 5 o B SN
g <l 2 S5lee the Difference & o) R & lolins
. & oy
oSike J sigas t | f’ sig.
Std. Error Std. Mean Lower Upper (2-tailed)
Mean Deviation
Pair 1 VAR00001 - VAR00002 .14645 .60381 .33471 .02425 .64516 2.286 16 .036
(2lad ) piio glpt Q}o)'] sV Jgox
Table 7: The results of the t test for the "Spatial visualization" variable.
_ slaws o o CJa.w
795 rdisel (Kiuon s - tsLins
Paired Samples Correlations tan T <
N Correlation Sig.
Pair 1 VAR00001 & VAR00002 17 .688 .002
(Paired Samples Test) g5 (sbaiges (305
cllas s Obaebl alold aisls
5 sl L 2 95% Confidence Interval of . . chw
4 ) Sl Oeibee the Difference & oo ooljl az o & lolixe
eSilee o wiges t df Sig.
Std. Error std. Nean Lower Upper (2-tailed)
Mean Deviation
Pair 1 VAR00001 - VARO0002 41647 .61012 .14798 .10277 .73017 2.814 16 .012
«(slope) ;o ,S o jite yhomw  slp t el bl P=+1+VA) «(copy)yo,S )| ,So» piie iomiow slpt se3l @l o
e e i |y (Ve Jgoz) (=YY p=+ /- - V) fome lp t gsesl @S Graes (Adsaz) ESVIPTY

5 (W Jeux)(@=Y/Y+¥ p=+/+F) &(union) ys,Sa8lol s

055 S Jols (oldd s (o058 Slajesie ln t Gsesl @S A Jour
Table 8: The results of the t test for the sub-variables of "spatial visualization": (copy)

_ slaws u.n)..a C.’a..u
795 raigel (Swa s - sl
Paired Samples Correlations ta d . S
N Correlation Sig.
Pair 1 VAR00001 & VAR00002 17 .635 .006

(Paired Samples Test) > (sldiges yg03]

slas Ll Olaebsl alols aals
. . 95% Confidence Interval of .
8l Syl eileo the Difference & O] ©olyl a0 d)‘ot’fﬁ T
Silee J e t df Sig.
5 (2-tailed)
Std. Error Std. Mean Lower Upper
Mean Deviation
Pair 1 VAR00001 - VAR00002 71765 1.12485 27282 .13930 1.29599 2.631 16 .018

oS lal Juls olad e 2,8 gl piie gl 0 T Qr"ﬂ @b A Jyor
Table 9: The results of the t test for the sub-variables of "spatial visualization": (union)

79 Shdised (Ko s o sl
Paired Samples Correlations Ean L § &
N Correlation Sig.
Pair 1 VAR00001 & VAR00002 17 427 .087

(Paired Samples Test) > (slodiges yg03]

sl Sl Ll Slaebl alols aals b
s it b . 95% Confidence Interval of N - -
_ S ek the Difference & 0! byl az e & ol
o5l std. Kiged t df sig.
Std. Error  peviation Mean Lower Upper (2-tailed)
Mean

Pair 1 VAR00001 - VAR00002 .80000 1.02956 .24971 .27065 1.32935 3.204 16 .006
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Table 10: The results of the t test for the sub-variables of "spatial visualization": (slope)

P TIRUIEEH NI SRSV

Paired Samples Correlations

Aged IS CIOVY & lolize

N Correlation Sig.

Pair 1 VAR00001 & VAR00002

17 .382 .130

(Paired Samples Test) > 9 (slvdigesd y903]

sl

Olaebl alols atals

5 st . Jo 95% Confidence Interval of . . s
2 Sl 5o the Difference & 0o RAHECSN & lolixs
ke L Kges t df Sig.
Std. Error Std. Mean Lower Upper (2-tailed)
Mean Deviation
Pair 1 VAR00001 - VAR00002 .88235 1.17273 .28443 .27939 1.48531 3.102 16 .007

OOSE [0S miie G Gln t a3l @mls o
Syt Gsesl zls <V Jga)(t=+/AFY p=+/F+ ) «(subtract)
(t=+/FYY p=+/#V1) «(intersect) cyoloabli» e usiw
O35 aYar nine e lp t seil @i <Y Jsaz)
Sl t eyl s (VY Jgoz) (t=+/20F p=+/Y0F) «(layer)
Pp=+/0%Y) OOSOSY  Lale ot
B o wiie it slnt o3l @l (1 Fsaz) =+ 1037
olid 1y (18sam) (t=—+/+8 p=+/AT+) «(pull/push) ;5,5

«(arc/circle/fillet)

"\"bb(_‘?q

e <1 0) 5 1+ V) g 1+ +8) (- [+ YA) i 5 &y 333 Al
03931ty Slad paSilee (gl 5 00d 0 Jho (B8 me (o
(ldd e i 5o 808 Solea el Jlolias (a3l s
OO g (53,5 a8Lal (0,515 (porm i slall 51 eoliul
Cos 50 1) S35 98 o i s lene plal oS 5

lails oLab g
(oologble) (53,508 st O slpt ooi] @bi Ko B,k
28 @ldd s 5l (03,5 B9 9 (09,59,5) (oS aYaY)
018 518 o 0 )50 QLS 8le 5 g 0 )57 bLS|

0355 05 Jobd (ol e (28 sl ite st g3l @lE VY Joa
Table 11: The results of the t test for the sub-variables of "spatial visualization": (subtract)

795 Glodisel (Siuen

Paired Samples Correlations

digos RGOV &, ol

N Correlation Sig.

Pair 1 VAR00001 & VAR00002

17 .682 .003

(Paired Samples Test) > (slvdiged yg03]

el " Slaebl alols aals
5 lusts! L 2 95% Confidence Interval of . . chw
) <l R the Difference & oo ool az o & lolixe
Sl
ol Jhxe g t df Sig.
Std. Error Std. Mean Lower Upper (2-tailed)
Mean Deviation
Pair 1 VARO00001 - VAR00002 .22353 1.06743 .25889 -.32529 77235 .863 16 401
st é]oLm J.QL_; @Las (S Gc)s LSL“)*"':“' 6'14‘ u?“‘)] C‘L’ AY J5A>
Table 12: The results of the t test for the sub-variables of "spatial visualization": (intersect)
slass o po cJa‘.:
79 Saaisel (Sien s . ol
Paired Samples Correlations tan L § S
N Correlation Sig.
Pair 1 VAR00001 & VAR00002 17 .598 .011
(Paired Samples Test) g5 (sladiges (305!
; Sloabol alold aols
sl Ll O _
5 sl ol 95% Confidence Interval of B : chw
S < " PR .
‘) L S OeSikes the Difference Y3 wolilaz o & lolias
ok Sxe dges t df Sig.
Std. Error std. Mean Lower Upper (2-tailed)
Mean Deviation
Pair 1 VARO00001 - VAR00002 112941 1.23479 .29948 -.50546 .76428 432 16 .671
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Table 13: The results of the t test for the sub-variables of "spatial visualization": (layer)

Slass

e sy gl
79 Saigel (Siwras e . Iolixe
Paired Samples Correlations ‘a © E <)
N Correlation Sig.
Pair 1 VAR00001 & VAR00002 17 326 .201
(Paired Samples Test) >5; (sladiges Qﬁ.a)"i
el Lol Slaebl alold asels
5 dast! L 95% Confidence Interval of . . Tl
2 Syl 5ikee the Difference YY) RSN & lolixs
. ’~LH°
el Jbs gl t df Sig.
Std. Error std. Mean Lower Upper (2-tailed)
Mean Deviation
Pair 1 VARO0001 - VAR00002 .29412 1.26909 .30780 -.35839 .94662 956 16 .354
59535 Jolir (ldd s (28 sl punie sl t gl @l VY Jgo
Table 14: The results of the t test for the sub-variables of "spatial visualization": (arc/circle/fillet)
5795 Glraigel (Swas s oy slins
Paired Samples Correlations tan = . <
N Correlation Sig.
Pair 1 VAR00001 & VAR00002 17 .049 .853
(Paired Samples Test) > 3; (sladiges (305!
slas Jolis Obaebl alold aisls
St L 95% Confidence Interval of . i chw
2 - Syl eSileo the Difference & 09! &3yl ax o & lalixs
SSbes Sl gl t df Sig.
Std. Error Std. Mean Lower Upper (2-tailed)
Mean Deviation
Pair 1 VAR00001 - VAR00002 21176 1.47559 .35788 -.54691 .97044 .592 16 .562
SO 5 0 ol b e 058 (sl ke St 03] S N0 g
Table 15: The results of the t test for the sub-variables of "spatial visualization": (pull/push)
79 Shagel (Kiwran Bons £ lolixe
Paired Samples Correlations tan . <
N Correlation Sig.
Pair 1 VAR00001 & VAR00002 17 -.025 923
(Paired Samples Test) g5 (sladiges (305!
el Lol Slaebl alold aials
5 st L 95% Confidence Interval of : : chw
J Syl OeSikes the Difference Y3 wolilaz o & lolias
. "LM°
Sl Jhxo gl t df Sig.
Std. Error std. Mean Lower Upper (2-tailed)
Mean Deviation
Pair 1 VAR00001 - VARO0002 -.02353 1.08370 .26284 -.58072 .53366 -.090 16 .93
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Table 16: The results of the t test for the variables "spatial perception"

795 Sraisel (Siwes s - sl
Paired Samples Correlations tan - . <
N Correlation Sig.
Pair 1 VAR00001 & VAR00002 17 .070 .788

(Paired Samples Test) > (slddiged yg03]

sl

bl alols azsls

5 st L o 95% Confidence Interval of : : chw
J Syl ebee the Difference Y3 b3l az o & lolias
. /‘LA-A
ok Seme iges T df sie.
Std. Error Std. Mean Lower Upper (2-tailed)
Mean Deviation
Pair 1 VAR00001 - VAR00002 16471 .39002 .09459 -.03582 .36523 1.741 16 .101
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Table 17: Comparison of t-test results (spatial perception) and sub-variables (cube, rectangular cube, cylinder and others)
«T9) LSL““;‘W M Beas & lolixe
Paired Samples Correlations ta i . <

N Correlation Sig.
(spatial perception)@Léé J)o Pair 1 VAR00001 & VAR00002 17 .070 788
(cube) S Pair 1 VAR00001 & VAR00002 17 .580 .015
et o -.040 880
(rectangular cube)
(cylinder) ailgzl -.265 323
(others) y;Lw .569 .017

(Paired Samples Test) > 9 (slodiges y903]

slas Olaebl alols atals
o il o] Sl 95% Confidence Interval of _ _ &
J Sl the Difference & o9l oolil azys & ble
eSSl e i t df Sig,
Std. Error Std. el Lower Upper (2-tailed)
Mean Deviation Mean
(spatial perception)u;.'l,éé Sy 16471 .39002 .09459 -.03582 .36523 1.741 16 .101
(cube) S -.23529 .64512 .15646 -.56698 .09639 -1.504 16 .152
e g .04706 .57676 .13988 -.24948 .34360 -336 16 741
(rectangular cube)
(cylinder) 43|51..»| .23529 .77857 .18883 -.16501 .63560 1.246 16 231
(others)ﬁL.; .56471 .61333 .14876 .24936 .88006 3.796 16 .002
o1 Ol ~(G0d (5 2) rite sl t gel @l VA Jor
Table 18: The results of the t test for the variables "Mental rotation"-rotate/fallow me
(5755 Sasel (Ko Sges Sien Isbiae
Paired Samples Correlations tan . <
N Correlation Sig.
Pair 1 VAR00001 & VAR00002 17 273 .290
(Paired Samples Test) 35 (sladiges (305!
sl e lielol alols aals
Gl Jols o b
s st B 95% Confidence Interval of _
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ORIGINAL RESEARCH PAPER
The mediating role of social networks in the relationship between life skills and
academic enthusiasm

M. Esmaeili, K. Nazari*

Department of Educational Management, Shahid Chamran Campus, Farhangian University, Tehran, Iran

ABSTRACT

Academic enthusiasm and the factors influencing it are among
Received: 11 August 2025 the key indicators of educational success and the enhancement of students’ psychological
Reviewed: 02 October 2025 well-being. In this regard, life skills — as a set of cognitive, emotional, and social abilities —
Revised: 28 November 2025 can affect academic enthusiasm. Moreover, with the increasing use of social networks among
Accepted: 28 December 2025 students and their dual role in either facilitating or weakening educational interactions, it has

become increasingly necessary to examine how these platforms influence the relationship
between life skills and academic enthusiasm. The present study aimed to investigate the

KEYWORDS: mediating role of social networks in the relationship between life skills and academic
Academic Enthusiasm enthusiasm among upper elementary school students.

Social Networks m From the perspective of research design, this study was descriptive, and in terms
Life Skills of purpose, it was applied. The research method was a descriptive survey of a correlational
Upper Elementary School type, based on structural equation modeling (SEM). The statistical population consisted of

4,521 upper elementary school students from District 4 of Qom. Using the Krejcie and Morgan
table, a sample of 384 students was selected through simple random sampling. To measure

* Corresponding Author life skills, the Babadi and Meshkani Children’s Life Skills Questionnaire was used, which
fglkh.nazari@cfu.ac.ir assesses four components among students: social skills, self-regulation, self-control (self-
@ (+98912) 9530348 management), and social responsibility. To assess students’ academic enthusiasm, the

Fredricks et al. (2012) Academic Engagement Questionnaire was utilized, which measures
three components: behavioral engagement, emotional engagement, and cognitive
engagement. To measure the use of social networks among students, the Jahanbani Social
Networks Questionnaire was employed, evaluating three components: level of use, type of
use, and level of trust in users. The content and face validity of the questionnaires were
confirmed by 10 faculty members from the Department of Educational Sciences and
Educational Management. Reliability was assessed in two stages — before and after the main
implementation of the study. The Cronbach’s alpha coefficients for all questionnaires were
above the 0.70 criterion, indicating acceptable reliability. Data were analyzed using
correlation and t-tests, Sobel’s test for mediating effects, path coefficients, and model fit
indices within the framework of structural equation modeling (SEM) using SmartPLS software.
The results showed that social networks play a mediating role in the relationship
between life skills and students’ academic enthusiasm. Moreover, life skills had a significant
effect on social networks, with a t-value of 7.629 (p < 0.001). Similarly, social networks had a
significant effect on academic enthusiasm, with a t-value of 6.26 (p < 0.001).
However, the findings indicated that life skills alone did not have a direct and significant effect
on students’ academic enthusiasm at the 95% confidence level (t = 0.535, p > 0.05).
Nonetheless, through the enhancement and improvement of social network use, life skills
indirectly contributed to an increase in academic enthusiasm.
The findings indicated that life skills indirectly, and social networks directly,
influence students’ academic enthusiasm. Accordingly, it can be concluded that teaching life
skills, alongside the purposeful and informed use of social networks, can play an effective role
in enhancing students’ academic enthusiasm. Moreover, social networks provide a significant
pathway for transferring the effects of life skills to academic enthusiasm, and their mediating
role is statistically validated.
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Fig. 1: Conceptual Model of the Research
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Table 1: Factor Loadings and Coefficients of Determination
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Table 2: Reliability and Validity of the Measurement Model
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Table 3: Discriminant Validity using the Fornell-Larcker Method
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Fig. 3: Diagram of Significance Coefficients (T-Value / Z-Value)
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Table 4: Overall Model Fit Results
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EETL LI G RET G Mo (X :Y:H Educational data mining, as a modern and interdisciplinary

field, plays a crucial role in analyzing learners’ behavior, identifying factors influencing
academic success or failure, and supporting educational decision-making. With the growth
of e-learning systems and the increasing volume of educational data, the need for
intelligent methods to extract hidden knowledge from these data has become more
pronounced. Although traditional machine learning methods have been widely used in
numerous studies, they face limitations in terms of accuracy and generalization capability
when dealing with complex, nonlinear, and high-dimensional educational data. In this
context, deep learning—based models and artificial neural networks have attracted
significant attention due to their strong ability to model complex relationships. The main
objective of this study is to develop and evaluate an intelligent hybrid model based on
feedforward neural networks, including Artificial Neural Networks (ANN), Extreme
Learning Machines (ELM), and Multilayer Perceptron (MLP), combined with advanced
feature selection methods, to identify key variables affecting students’ academic
performance and significantly improve the accuracy of academic status prediction.

In this study, a comprehensive set of educational data was utilized, including
demographic, socio-economic, enrollment-related information, educational records, and
students’ academic grades. The data were collected from university educational systems
as well as reputable public datasets. After performing necessary preprocessing steps such
as data cleaning, handling missing values, and feature normalization, the feature selection
process was carried out using three methods: MRMR, Chi-square, and ReliefF.
Subsequently, the three neural networks—ANN, ELM, and MLP—were trained using 90%
of the data, while the remaining 10% was used for testing and model validation. Finally,
the outputs of the networks were integrated into a hybrid model using a majority voting
strategy. The performance of the proposed model was evaluated using standard metrics,
including accuracy, precision, recall, and the F-measure.

The experimental results demonstrated that the ReliefF method outperformed
the other feature selection techniques in identifying influential features. Using the top 20
features selected by this method, the proposed hybrid model achieved an accuracy of
81.44% and an F-measure of 72.09%. In the evaluation of individual neural networks, the
ELM model exhibited the best performance with an accuracy of 82.8%, which was on
average 2—4% higher than that of ANN and MLP. Moreover, comparison with traditional
machine learning approaches revealed that the hybrid neural network model improved
prediction accuracy by more than 7% and classification accuracy by over 4%, indicating the
significant superiority of the proposed approach.
The findings of this study indicate that combining feedforward neural
networks with appropriate feature selection methods provides an efficient and reliable
approach for predicting students’ academic status. The proposed model can serve as an
intelligent decision-support tool in educational systems to enable early identification of
students at risk of academic failure. Future research may focus on incorporating attention
mechanisms, more advanced feature selection techniques, deeper learning models, and
larger and more diverse datasets to further enhance the accuracy and generalizability of
the model.
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Content analysis of work and technology books of the lower secondary school based
on components of technological education

M. Keshavarz, S. Nourabadi®

Department of Educational Sciences, Faculty of Governance, Shahed University, Tehran, Iran

ABSTRACT

In today’s world, where technology is advancing and evolving
Received: 29 September 2025 more rapidly than ever, educating skilled, creative, and technologically literate human
Reviewed: 10 November 2025 resources has become increasingly essential. A society that equips its future generations with
Revised: 28 November 2025 technological skills can take stronger steps toward sustainable development, innovation, and
Accepted: 22 February 2026 scientific and economic competitiveness. Therefore, educational systems have a significant

responsibility to design purposeful curricula and use appropriate teaching tools to nurture
capable students who are not only familiar with technological concepts and tools but also able

KEYWORDS: to apply them creatively in solving real-life individual and social problems. In this context,
Technological Education textbooks, especially Work and Technology books for the first year of secondary school, play
Work and Technology Books a crucial role in achieving educational objectives. Analyzing the content of these books
Lower Secondary School through the lens of technological education can provide a clear picture of their effectiveness
Content Analysis in meeting today’s educational needs.

This study is categorized as applied research, quantitative in nature, and uses the
content analysis method with Shannon's entropy technique. The research population

iCorresponding author consisted of Work and Technology books for lower secondary education published in the
&% nourabadi@shahed.ac.ir 2024-2025 academic year. Sampling was not considered in this study, and all Work and
@ (+98912) 4349674 Technology books for grades seven, eight, and nine were analyzed. The data collection tool in

this study was a content analysis checklist based on the components of technological
education, which included four main components: technology education, technological
literacy, technological thinking, and technological competencies, along with their
corresponding subcomponents. The method for determining the validity of the content
analysis checklist was based on the face and content validity derived from Mehraban's study
[14]. To determine the reliability of the tool using the simultaneous method, two work and
technology teachers from lower secondary education analyzed a specific lesson from the
Work and Technology books of this level simultaneously with the researcher, achieving an
agreement coefficient of %92.42.

The findings indicate that the highest frequency and implementation of

technological literacy components in the lower secondary school Work and Technology books
pertain to “Technology Education” and “Technological Literacy,” followed by “Technological
Competency,” and finally “Technological Thinking.” Furthermore, the highest informational
load and significance coefficient of these components in the seventh-grade book is associated
with “Technology Education,” while in the eighth- and ninth-grade books, it is linked to
“Technological Literacy.” The lowest informational load and significance across all books in
this educational stage is attributed to the component of “Technological Thinking.”
(T THiE Overall, it can be concluded that “Technology Education” and “Technological
Literacy” have the highest, and “Technological Competency” and “Technological Thinking” the
lowest levels of implementation in lower secondary Work and Technology books. Based on
the results of the research questions, it is evident that “Technological Thinking” has received
less attention compared to other components. Therefore, it is recommended that the
development of Work and Technology books move more toward problem-solving approaches
to better foster technological thinking. Additionally, strengthening collaboration between
schools and technology centers on the one hand, and holding specialized training courses for
teachers on the other, can provide students with real-world experiences and support the
effective implementation of technological education programs.
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Table 1: Components and Subcomponents of Technological Education

loailza 2 laadlss
Subcomponents Components
Skd by Olee (3390l
Basic technology skill education
Sld 255 9 Sy
Technology understanding and attitude Sy9d hieal

Sskd (Sl S0
Understanding the interdisciplinarity of technology
3k Hemmahy,l Gl
Value-based technology education

Technology education

63 cunle S50 olgus
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Strategic and labour market competencies
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Table 2: Frequency Distribution and Descriptive Statistics Results of Technological Education Components in the Entire 7th Grade Work and Technology Book
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Table 3: Normalized Data of Technological Education Components in the Entire Content of the 7th Grade Work and Technology Book
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Table 5: Frequency Distribution and Descriptive Statistics Results of Technological Education Components in the Entire 8th Grade Work and Technology Book

aalge
. . L. . L Components
aljgls (Swls ailyld S @il )slid olges S9k8 (hyeel 5 S Loy
Technological Technological Technological Technology . .
competency thinking literacy education pde 4l 5 )ks
8th grade
work and technology lesson section
48 12 16 1 Wl g N
Classwork and extracurricular activities
| .
5 0 31 105 Joloz 5 sl
Pictures and tables
) 17 1 1 (2395 «obR83 b 1558 L) Y5
Questions (Brainstorming, Question, Research, Project)
6 4 74 80 o o
Lesson text
1381 5
2 0 0 0 E
Software
LY
0 0 12 30 Tips
HARE
83 34 144 227 &9 P &

Cumulative frequency

(i AJL» 6J3L;é ) JLT obs JS 6‘5:'7"" » m’l)sL;é S ys Lngd.&J}a ol )\;h.e) Lgl.{mm‘a 7 Jju\?
Table 6: Normalized Data of Technological Education Components in the Entire Content of the 8th Grade Work and Technology Book
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Table 7: Information Load and Importance Coefficient of Technological Education Components in the Entire 8th Grade Work and Technology Book
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Table 8: Frequency Distribution and Descriptive Statistics Results of Technological Education Components in the Entire 9h Grade Work and Technology Book
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Table 9: Normalized Data of Technological Education Components in the Entire Content of the 9th Grade Work and Technology Book

’f'b)[@glfo)&u:hr'u\L?.ui)‘}o/—d')leﬁ'u.alc A pild

aalge
L ) . . o Components
alygls Sewls alygls S aily gl slga S y9k8 o590l i
Technological Technological Technological Technology .
competency thinking literacy education el Sy9kd 9,18
9th grade
work and technology lesson section
0.5192 0.5135 0.1640 0.1646 N e 5 (D
Classwork and extracurricular activities
0.0769 0 0.2031 0.3780 Joloz 5 gl
Pictures and tables
Y15
0.0384 0.3243 0.1015 0.0060 (63950 st s S i)
Questions (Investigate, Question, Project)
0 0.1621 0.3828 0.2439 R
Lesson text
133ls 5
0.3461 0 0 0.0731 2Py
Software
0.0192 0 0.1484 0.1341 oIS
Tips

oty 65b8 5 15 QLS S o ailygld e i leadlie Coesl cpo 5 SILI LN Jsu

Table 10: Information Load and Importance Coefficient of Technological Education Components in the Entire 9th Grade Work and Technology Book
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EEELITEER BN JEEITEES In today's world, information systems have become one of

the fundamental pillars in the management of various organizations and institutions, and
the field of education is no exception. In this regard, integrated student systems are
known as efficient tools for managing and processing educational information in schools
and educational systems. The SIDA system, as a prominent example of this type of system,
is designed with the aim of integrating and facilitating educational and administrative
processes in schools. By collecting and managing various information from students,
teachers, administrators, and parents, this system attempts to place all data related to
educational processes in a single and centralized platform.

The present study was conducted with the aim of identifying and ranking the
strengths and weaknesses of the SIDA system (integrated student system) in Zahedan city
using a mixed exploratory research method (qualitative-quantitative). The statistical
population of the qualitative and quantitative sections included all executive vice
presidents of schools in Zahedan city who were familiar with the SIDA system. Using a
purposive sampling method of the criterion type, 16 executive vice presidents with at
least five years of service experience were selected as a sample for the qualitative section
and five of them were selected as a sample for the quantitative section. To collect
information in the qualitative section, a semi-structured interview was used, and in the
quantitative section, a researcher-made questionnaire derived from the data of the
qualitative section was used. The validity in the qualitative part was confirmed by the
review method through the interviewed members and in the quantitative part through
content validity through item analysis by the supervisor. Also, the reliability of the
qualitative part was obtained through the Kappa coefficient of 0.79 and the reliability of
the quantitative part through the Cronbach's alpha coefficient for the advantages and
disadvantages of the SIDA system were 0.76 and 0.81, respectively.

The results of the qualitative part showed that the strengths of the SIDA system
include seven items, software capabilities of the system, high security of the system,
comprehensiveness and connection to other systems, support and being online,
improving school work processes, standardizing the grade recording process, and parents'
access to student information. The weaknesses of the SIDA system also include seven
disadvantages: weak infrastructure in the system, weak Internet infrastructure, poor
information and media literacy, creating conflict between the work and life of executive
deputies, inconsistencies of external factors of the school, lack of training courses, and
internal factors of the school. Also, the results of the quantitative part through Analytical
Hierarchy Process (AHP) showed that the strengths in order of importance include
comprehensiveness and connection to other systems, improving school work processes,
high security of the system, standardization of the grade recording process, parents'
access to student information, software capabilities of the system, and support and being
online in the end place. On the other hand, the weaknesses in order of importance include
weak infrastructure in the system, weak Internet infrastructure, inconsistencies of
external factors of the school, lack of holding training courses, it ranks, media and
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information literacy is, inconsistencies in internal factors of the school, and creating work-
life conflict between executive assistants is ranked end.

According to the findings of this study, it is recommended that education
planners and policymakers and designers of the SIDA system take necessary measures to
improve the performance of the system, including improving the system infrastructure.
When a program, plan, or system is to be implemented in the country's education system,
necessary planning and action should be taken to familiarize students with new plans and

systems.
COPYRIGHTS
@ ® @ © 2026 The Author(s). This is an open-access article distributed under the terms and conditions of the
NG Creative Attribution-NonCommercial 4.0 International (CC BY-NC 4.0)

(https://creativecommons.org/licenses/by-nc/4.0/)

NUMBER OF REFERENCES NUMBER OF FIGURES NUMBER OF TABLES
34 1 6

’.o...».b”' 9B Ao
WT 6‘4.&“.'40 2(loww) LS)'Q.oTuﬁdb 4.‘>)l.u5¢ aAlolw s 9 u9.9 bl GoRdT y g ‘stl.wb.w
rlé‘)[@,’du)i"h*w wloww "}Jd.tﬁdjy"féh‘m

Olwl e lanl; ‘de/oL;/'aK.;b‘/o olaal; al “_s_.;bjyfg:‘iﬁqn 05,5

. = s yE P a7 s
Ol ol b ,s ol o psle el 0g)S

RS

ol g bploslw cupan o bl G151 S @ SleMbl slopi g5l slis ;o HEIREIREIEERTY

659015l az LSy (glailolus disaly ol 50 Cncd  iiane 002l ! 51 55 bise] 0555 5 wiloas o calisee VEF olaye -8 a2dl e )6

VE-F o0 YA s 5l b6

TVl gtelz,

&yl g (cyael (sloan] b Lawd 5 (g5luaz LS Ban b dadilelus 55 0l 5l 5,0 diges G (lsieay dapw ailolon
. . i V¥ o Yl 6

5 Olpae (ledas oyla0l ails 5l alizre Gledbl oy paw g (5 5laez b ol (pl .cwloas >l jloe
w25 )3 55 et 5 aly e S o |y o590l oansTi b L e slaosls alad b 0 o 5O ol
(590010 )i wilaln) b el i bl 5 g8 Lol (005 5 ool Bam b s> imgy
Jolis (25 5 (S i5u (6 Ll el ot plouil (oS i) Jlgmel SlessT amsen] raghy 3s, b laaly el
CrSdigad g,y 3l eolauwl b aslasls LS'L"“J logw aibobio b aS" wiog laaly sliwjos ojlae oly2! ugles aldS

tsouls o 3lg
VIS JIXVRY
S0l Gl 4z LS ailales

Koo
olawd g AS Gidu dges (lgreds Cwens able Jlo 0 JBlax b olzl Gsgles 51,85 18 slaws jlae g9 5l aiedan ; .

961:5&.;(; 5“""&)9"" g ? 'J/ J‘g c53)> U’f-){ J )_a.> P 89"—) . w;%léﬂj)ﬂ‘db‘blﬁb

Ao dlas 5l &S o 0 ledbl (6,910 )5 cym dod Ol oS o diges Glgieds ool 5l a0 ] aslllas
Ot 0 alsy b eolaul a8 jisy slaosls a8 S aiS L gicee deli i 6;5 O 4o g audl sl
45 Jeos Gk 5l alsie aly) Gub Sl (o5 (i 50 g edisd amlae Lael Goyb Sl il (hy) L S

=5 G5 bl 5 VAL o b Bkl i o bl Cies 28,5 18 0l 550 Local, sl Lags g o™

ol Cawsdy TAY 5 o IVE 5l ailele glaco] 5 blse (sl #Lig,S Gl oy 3ok s.salimi@cfu.ac.irtx

. LOF-TTRVAFFA @
el il (53005 Sl 0,50 i ol i 6l 558 Lls o8 ol s (&S i ot R

O il s joe (6,5 (sloan] 8 Saags (y0g bty g Sl daailelu ple 4 Jlasl g Comel> ciloles sV
can Jols 5 louws dilols e s bla .ol oljg0] tils Sledbl ay pally (o s bl o poi &b anl 3
9,5 o ooyl ol (sl g Sledlbl oy 438 (s il (ol p; ciad ilel [0 (3l ) Cind ccam]

sy S0 Jolse (Bigel (slaoy90 )3T pas s jde gy Jolse slaSamlaal (alz Gaislee (S



https://creativecommons.org/licenses/by-nc/4.0/
mailto:s.salimi@cfu.ac.ir

Tech. of Edu. J. 20(2): 301-314, Spring 2026 (Y+Y)

1F+d jlgo o ylos S u\b.y)}o/—d‘)ngalc il

ol ot a5 a4 g8 bl a5 sl Las (AHP) oilye alelis Llo 3, 5l oS (25u ol cpiomad o
Cod Al s 5 bl lolos (YU ool vl yin (6,5 slaalb sgegr daailelos Lo 4y JLail 5 Coonal>

4S5, ;0 ooy by g sluiiy g @il 5,138l0 5 slaca s (5901 zils oledlbl a4y sally (s raws Colild o pos

iyl gl chad lols jo 3 la ) dias Jold Cosal cud 5 4 cans bl )b 5lgols 15 51
sla Saaleali « SeMbl 5 glailes, olgus 158 o b90T slooys0 (5 I35 pie s jite Jgye Jalse slo Sinlanl
Syl 58 ST as) o olal fgles (Sai) 9,15 (5)les ol g e joe Hgy0 Jalse

hgws ailoles Gyl 5 (395 5 Ghi90] OISl 5 (l30)asl s 4 anlllas (nl glaasdly 4 a5 | FTIEESE
Spdy Oygme p3Y Sleludl bl slocSlo ) oo alex 5l alols o ,Slae Sy slodipe 993 o0 Sloiiny
g laz,b b globisl 4 caus 045 1ol valys o y5iS  ijgel pimaw 10 glailelw bz b by a5 Sloj
258 plosl p3¥ pladl g (65540l Syoa slaalels

i) 5 (90,0 il dooinT s gy o poln iE (Jliows
I lesins b pspie pl WS (oo Ll b S peeal Sl
(530 ;a3 ¢ s B Lnools (55T aez 5145 055 o Juolis | lncdlad
3,5 2 |y SeFlil sy e lp ol 5l syl e 9
4 LSS slaailels a5 wilosls (yLis 55 ol pl ,o s Slalllas [V)Y]
9 &l sloanT B Jpus 2 ogdle wilatuiles €low 9 «olo» sl
Lis g bools couel wiile blao Glimen Wl VY] 5 DY e
ol ol jorr slacus g o 2l b Sledbl ey o o o j90] sLas o
(b 33 o 3 s S5 5 Shes p (5956 4 plaS a oS
dioils Bigel Glaptes 0 eadady slaosls ey
Jolis ools cpl canl Copan lp oiedae ¢ 380 slo,Sg5le
Dgd Copde olai g 2B L b a5 el Jb g (S5 mle o>
el 590 9 G590l )39 AT ams glanl sla Sl jo [V 0]
(5350) 2ils a4z LS, ailols) losews ailoles pb a5 glailolus )b

a4 by oMbl &l 5 iy (syslaex a4 0B a4 85
slab Sledbl s a5 alolss (pl 0l 35 ke O ygotr g0l il
b asl (el S oy o, Ol}yTuﬁ,ﬁ|o ez alaio g oy ool i
w5 jea (gl gl aile (5 ad iy Sledlbl (o3ls, 4y 08
ol VP 091 0 o o)l g lalas Cunig 5w g (eass sla )5S
9 ‘5..4)5.01 LgLQM])S L) .‘a.u).a LgL&boéL) ‘soLo.v L: J.Asu;c L)‘")L AJLAL\»
b ol g 058l el 8 Az LSS g axly s S 3 1) el ()00l
Sloal 4 ):.'J.J)Lf 9 5550 3380 Slogad 4y U auS SaS Lyl 4
a5 i o ylis cidgh sl oy VAL g VY]l s 095
Lgl.:bU::.& uu.(bLf 9 d)jr“*‘“"’ Sgute 5 05)& lraslel Q.;“ )" oolazw!
aiz e el alily 18 5 8 cols, malEl e (gl
Mo g 315 jael 50 Chrd et oxbad s la ctwlS
o ailols s cpl @ [V ] g D] s 7 ks oylien 33
ooyl 5 Sledlbl iy pae 5 6 planz lp el I8 10l S lgieas
298 (igal s ilizee sloice 4 @y 4 g ab (g3lulel

w

doddo

9 Seg S slagsyglid (Ml anugi Jdo 4 Gy Gl (S
el 00y gull DY 9o hgmiws o dan (o L»..:).m (Jlezus
Jgb 50 g am0 e JSB ) sl (S35 o5 glooje G et S| (S
IR W) ]A.A.*J uust UUGL.:)l 9 uLC)Uo‘ LgLQLg)ﬁlAS fo3 o A.xwy
D Jims S35 Ll o e G 5 el 0355 e
il mailojls JIE1 55 g &5 (goaie Sl i ¢ Siyoy 5 (Y39
Slgme jo aSh (ils JEl o el ledlbl (5,lagSs g o)l
~350l G0 s 53 Joles a8 )0 Geizmen 5 (SS550] slaadliyy
3 Jes slacsslis 5l eslinal Lol [N] ass o &) 35 plae
s S 5 Jims SNl b 59 Sl 3l i)
5 solams Y] 0gs o cijgel (lad o pwlid Olpis 4 e
&K SS9 S slaailols o (giloalow? a5 Wadee laseiily
S5 5 el slaglejle jo U W 50 s BB i
slogis [7] S o sl Gajs 5 Ghisel Jolse 5 lales (sled >
ol s b o g0l ald s BonsSes s aen cloil
sloudld cloax! slabole wo 5 Dledbl oo ol Jliows
ailosls lis waz sla iegh 1] P [¥] S o oyt |y 650k
sloanld coas i)l , oodle hjeel o Jlusus Jeoo a5
S bulyd 5o Gajsel pglis jo Sl (A8 Wopae 5 xS
6LQAJLAL~J 9 599 o‘) )l u*’)}""" Ll oé; LO.I‘ Lss; 6)54&.0 asle
Sy higel 6r9r0 il Ghee nl je aly Jluaws
(o o 33 6l gzmen sla pdls J cnl bUIV] g [F] wss
) @ cnl CetS (Jlems oo )loe 88 5 besle n) Ges

L8l g [A] wsols 1,3 )»JL:M
Sl g Sledlbl (5,5kd 10 B8 slacd i b polre oyl 50 50
3 Vg5 opl b cos Sl (Sw) Gilisee sl i 5l s s
Sloasles a2 u‘,«.&u U"‘ )‘ S ‘5....\)9»41 ‘_ngW 9 Jo‘d.d;
5i90] SO saabls sbwl Vg5 opl mli 5l So )]
bl 2o pae g Sledbl glaailols ol ailoas g3lwosly

yas 0 igel slaplls wlol G551 (SO Glaieds bjeel yo



S. Salimi et al.

(¥+f)

QDM;MMM

Mo o osas IS g (Sludl wlge (B Wy gl
b Sl 51 S &ilge yles cl 50 o ol gl slaasloles
At ol pgs oKl o Sl Jelge La5ls 95 (6 i
Gom gloolSile o 55 (B alye 5 sl wlse ol cd St
slogilly olsie b ey [N Loy 5 ool S ijls 13
adoly Hlad g aisls plosil Lbjgel pllas jo Slbls )l o Sledllsl (g,qL8
o 8 5T ams 98 10 Sledlbl (6 y5lid . KileaSs sasy el 45
Sl gty $lysdS Sjon 5 Shigel sy p o O dnmgi
5 el mbe a plol uites 5 65 glacop 58
9 )l S plsieay Dledlbl (g55L8 00,80, pl el oals (5 50k
03ls I8 axgi 550 |y (680l - a0l awl B o )L)f‘wb aliwg
i i b pdagy 0 [V Gladlo 5 (g pmilan] IS5 ool
Olrl olae o Sl g Sledlbl (5 55lid 0 )15 sla Al 5 @lse
Olbls,l g ledbl (5,5l o )15 o il 5 milge a5 wisls Lis
bl gl iy o sigel @lge e il alye) Az o0l sl s
Sty Sloss glge o e g (Bj9el Slge 5 Sl Wlse
xS slp plabre S pas plalas 3Ls (Solel pos i loles
«ooladl wilge ¢ o258 wilse o 250 @lge ¢ )5 (gt 55NN o
Sy pae adlio a5 Sl (693 @ilse 5 Slojlo &ilge ¢ eloiz] ailse
Al 5 ohes 2t LIS ety (g8 S9Nl )0 ey (sl (leles
Olgie b g 50 [YO] (a8 el s (2505 ()10 59,3 g
lalrs (3390l 0 bl 5 Sledlbl (g ,5lis plésl gla iilen
oigel a8 ols plas &l pd olRasls (plae Con 3 @S (69,90 anlllas
Sl g loiSbo ) pladd siasl g gy wiz plagtlly b g5l
csloiles oyl Ul el wiile wlbls )| 5 oledll ¢ 5lid
b Gy 50 S 428 o pe 5l Calo pas 08 5 o )52555
g Ol (5,5l8 (B (bigal g Dlbls)l g Sledlbl (5)5lid
S sl 4 b plae S i Slage dadsl p opl by L)
$lp oS placslon; wsd e Slbls)l g Sledlbl (55l 4
3 lbls)) g Sledlbl (g,5l8 (655,54 sl pledee (53lunallys
2wzl ol ctogk 5o [YF] L5 el (5508 Lbj0a]
13 Olbls )l g oledlbl g5l 5l solitul o Jizms jas cpl jo
5 8RSk lp ligel GBls 4 placuo ol (gl uys S
addllas g, (nl 1ol moe YV 08 5L 0550 oo e (65 S
ol 5 Sledlbl (55l 5l esliul & bgyye sla iz 5 Slus
s gl p ade po plales @ Wlgi oo 53k 5 Ghjpel
ledlbl slacs yslid j5eks b .aiS S5 (5,5l Gige )l p)5 & (s
G ysld i 950 50 1y 095 (slaygl ladee (el yo lbls)l
5 Sledbl 5 )5k8 (35,0 e ebigel Il lye 4 Dbl )l wledlbl
5 o 4 slazel 5 lisel nils 8ol @b ly Slbls)l
Syl plesl y3 (alpe wims oo JSI 39 patd (Siwld
Ll (e 45 )10 0929 (6,650 5 Gajeel 5o Slboli )l 5 Sledllol

0975 ;5 (575 calar (SleMbl Il G wiile cendlys 9 2L (b S
DVFL s sl oyl 5o )l g (590l Jilas (650K 5 o pike
i 4 3 Lo Aol S5 SEb! ol o silon o ol
P bl 5 ool datlle L 4Tz o0)ls ail> asn gy
@ ailg oo Sledbl slaailols EM e § o] ol axlge 095
088 S (slajl b Sanlonls o 38 Mo olis s LY
Sty o s g el Bl (I 5 cslio glagtisal
5 ,Skas 0l sie s wiilgs o ol ol V4] g 5L
Ol 50 (e g (gl Sless CukS  rizmen 5 Lo ailels
poe ipima 05 b (oalad asile (Mt (Jle Glgiedr IS
Sl pae 5 (Glp)lS sl 5 alsls oLl o (Sinlen
@l 590 4 oxie wlgi oo wlols jl oo oolitwl 0925 L Gl )5
s (530,56 > 5 eyl p)lS ol mals wledbl Jjls 4o
Pl a5 G y50,0 o ppiren .[\’\]oyi) o055 Blaal 4 gbhcaws (o
ool oMbl il (Sas (gl Copde Shwyd A gl
lgi o yol (l & 935S H18 0005 (Byme o Slalas 5 el tils
alie glaailols 4 sgee (soloiel o g oo 4 Sloiel rals 4
Lyv] KYWISE 93

Ol oyls 052 el laailalus jo g8 bl g Llje o 8 )b
loasse (1l (s bl slaany] B Jued 4 i il o laaibales
ol 53 (55590] CoheS gnde 9 RS el ) @y (e
Sl 2 g o g Gl (oo s 4 Bl o0 O] (Sblje alozr 51090
Tt g e c3g0] sloan] B )l dgags o Sludl Slalinsl Lzl
5 lsi e Llse 5,8 o,Lil sl g el ppie cslalne oy bL)
ol Gl 5 e ylie 0, Slae S5 hjgal CukeS ol 4 Culys
ol bl ya cplplo VY] WS S palls g olyeel il
3 o 45 el ssslan g Ll o shnd blis g g8 blis sl s Sledlb)
pas 5l 0,55 0555 Cansl (6 555 dailols ! 5l onlicil o 1>
bl 5 ewan w5 o0, babls I b oS ol Jelge cols,
Sl ol plol  Bos i b Giegh opl a0l 4 azgi L 1A w00
Ll D900 5 Sl glo

3975 b oS cul 039y 151 (ST gy Sl 5 (6515 Sloo (o)
o9 5 oogel plla j0 a4 Ceol ams Sl s o ailales oSG
2 DAl s 5 o))y Laid osgy ooliul Jl> o olpl oS
5 9ol ol 5 g slaailolis wilse § St (o) 2 42 (93
e g Wl LS oo gy (o oS wlaiSls (B pes8 )9
Pea> S prilies jsbay o5 lacin alply el oad )
45 35 gz 49t A3l il ;s il snd ploxil o aileles
O aalol 55l pol> hsh (6515 Mise 255 Eg09e ol 4]
9 =)l 09b 03yl Lhagh £edse b Suop sladiidy Caul ous
Slaalibe glye § HSn (w0 olgie b iagy o 1] ol S
g ol Cud EIte oS wiztls oy Shyoz 9 GPisel sholy g s



Tech. of Edu. J. 20(2): 301-314, Spring 2026 (Y+0)

’f'b)[eglfo)w;r'AL?.ui)‘}o/—c;)leﬁ'u.alc A pild

5 Dg8 bl ake izl ded laaslas 3 ,b 5l ol jo laew alolw
ooty Il aSal &y azgi b 5 ol BLessT 1A st ololes Canss
ol lojoals Jlgio ¢ o5 (5lo0sls s 5 o0 (5 yslaer &S
5 D98 bli o 12 039 (owlid by (&S (25w )3 (Regl (b,
el b aS ol Cpslas din s ooyl bl ovens ailolis Gins
WBan a5l 4 dm g b oS it 0 el sdel sy tailes SIS
oS Al o gy (b Sl 0ud lulid culae 5 Llje s 43,
5 RS iS50 b (§olel draly el (AHP) (ilye aludes Jdos
el 039 lanly g o yae (2l risles (oS A5 5 o2
245 009 Wosls (g a5 el diges olows (s S iogh ol 5o
O 3l (oS i o b Bimo o0l (55 el 1 1P L eled
(SHe) diedan (5, Sdiges loolainl b a5 O slaws Slal igles
ol Dbl 0y5 lgieds (o alolos b it )5 428 (2l

SRSl Ll 5 Al 5,505,5 ig,

Al ded dzlas plsl b5l 0,90 sloosls (S jidu o
WS els hagh ool 0 S Wised ad syslaex
Coy yo Ll BIEl L g 4y o0 (aasd —) S oy SBaus S i
-V Sog S Jemie pol> ragh ol loy o b azils |,
szl 1 o dilel b 157 5 (ywyloe jo Cenz aisl Jlo O J8los
3 A, Sy asle same doliiwe,y i,k )l lools ‘_SLS e T
W 6)51 e 61.5 URSu )0 el 'al;;ﬂ slaslas glaasl
Slacawl g lw alble slacoie (idu g0 Jols yol> asl iw p
b Sl izl ded Gbaslas oy, (o cqe
g baslas pleil 51 s a5 Cos 5 ol 4 ol colaul Lacl lawgs
3 Baes aslas [Lasl jo baslas (e dagl JolS (5,5
g s bl il Gulpg a3l odle g S0 ax L b 8 S
s i 3 56,5 S0 Shirlan Jalo T g s 5 g
Lo 458 o 5 lsiome 25, 51 oS i sledalisn (25,
28,5 15 anl 5ee ats, Ll colo ol

SS90 (e 2Bl e, S S AR 0 bl e
-l (gt sleaslas o )l350S LU i) 1o .0l colatul
5 o, B8lg oo il o le wload colatul i oS Sl
S esls s o oslitl 5o 155 gy (k) 5258 SIS s
b gy ool &5 Wls @lgs el cnl p (oulid () ool o Ll
A ee S A 3l oo 1) Cen e Dladlg aS sl 0uiiS ol joF
g o 08liiwl 1IATAS Sl dile gl oS (6,500 el
SAFaS 90y (38lg5 00uiS uSaie LIS (o 1 ol il LIS g 0

poemig Logaile Coul (8 Glotidy g (o iws o) cilio 9neS
5 Sledbl (53l 55,5 gl olyie b otagy o [VV]
5yl5 e a5 wisls Lt ¢ ypeil o alawsgie e 45 bl )|
(P arog Sbop 09meS s 4 Slbls )l g Sledlbl (555l
Ul cOledas s (1315 (289 35005 s )l0l 5 (28 (Sl pus
VAL e 5 s o] ol (55l 51 oolinul jo lodae oS
Sxsly Slagilly 5 0% g S (8 3 plabae plgie b iagh
a5 5,5 Sl T g0yl gl .asols ploul (6,50l 5 (iieel ) (5 ,5ld
Blas glad ;> anngi sl abl, 5l eolainl jo 050 ledee &)lese
30 oy o leles eled e 5o Al Coodo mhaw o]
Olabre sl (jgel iy S 4 5L S0l (raizmad cnl el
S5 51 i OS5l B350l (sooaSiisls (o oans]
ool oyl LT oo i iy g dsyoke 8 Slatiy doJasdljgiws
S e el e o sl b sl o0

395 A 3 gy S ABS o (LS gy diien & jsboislen
B8 Slid o )ls 5z lal 5545 gy 9 Sisel o Mg aloles
WS g0 S (Yghee 9 (SBjgel Gle & ailals (ol SLlse 5 culae
S8 (e 4 39790 Lol wgzge ML @8, sLil) 5
P90l SoanT b (giluaigs g Ssnt 4 «Zaled )0 5 S (gl 00
G35 Jebod 5 alulid (ou bl SeS Laolllgal 5 (o jle 5o
0 ke s el JolS” Jomnily 51l o (alae 5 Llze) ms 93 )
1 ool g (g5lwools ail B 0 dgmg0 OIS Sl Kae g O
g pxie ol Fhe el g 2ol SL 3 Shoe 4 5wl aslol lizmes ailols
sl )| g 3900 s (plosal) lsreds Wil oo Beiow (ol @S (izmen
5 Ghsn 5 oisel slagion s s alie Sl glaailels Lo
ol Lipgh ol Al (S et 4y 0055 oolaul baylosle Lo
s 5 bl | o ol Ginds Ll 5 g8 blis o8 el ]
IS g,

AR Yl

ohaaly wilae ol Guglee oBays 3l T wlels @68 bl& o
Caslas

ole 2l uigle sy 3l o ailele g8 blas gunas; o
fnl a3g> lanly

ohaaly Gejlae ozl gl sBaye 5l o ailels ans bl o
Caslas

olse ! gles olFays Sl v ailols ars blis gaas, o

fol 68> laal;

LT R L))

ste SLaST aseal g, L 5l g0l Gan L 5| 5l ey
Cand 9 g8 LliS (392 Jgeome 0 4295 b anl (oo = 25) (o jonl



S. Salimi et al.

(Y+%)

QQ&M,MMM,

loazsl,

5 alillise (380 adlllae 3| L baslas alS Jof p5 0
3l eolaiwl b e 2l 5 )ls Maxgda 1580 65 4 a3Y soasbejle
5 plesl (adli ol il el el gleaS 4 S 1580 5 LIS
ol bl ias cad (S o)lgis e SO o pelas S
Ogoae V¥ 5 et 4y (polias dlawy a5 ol alasdle auslojle
Cnnd sl 03y ol adgl oS golasy 5l aid T alaS o a5 ol
el 00 00,91 (V) Jgo ,0 b pwolias

g 4dgl slaas caailejl 51 (U 4k aalae Cend Y Jgoa

Table 2: List of basic themes resulting from the organization of the initial research
codes
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Table 1: Interpretation of different levels of Kappa coefficient
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Table 3: List of basic themes, organizing themes, and central strengths of the SIDA system
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Fig. 1: The obtained theme network, output of MaxQDA software
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Table 4: Pairwise comparison results of ranking the strengths of the SIDA system
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Table 6: Pairwise Comparison Results of Weakness Rankings for the SIDA System
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The effect of peer education with technology approach on learning artistic skills of
elementary school students

F. Azizabadi, R. Moradi®, B. Yasbalaghi Sharahi

Department of Educational Sciences, Faculty of Humanities, Arak University, Arak, Iran

ABSTRACT

Learning artistic skills is one of the most important current
Received: 05 September 2025 challenges in the basic sciences, and various approaches have been adopted to improve
Reviewed: 27 October 2025 students' performance in the process of learning these skills. The purpose of this research was
Revised: 25 November 2025 to investigate the effect of a peer-to-peer teaching approach on the learning of art skills
Accepted: 24 January 2026 among fourth-grade elementary school students in Arak city, Iran, during art lessons.

The research implementation method is quasi-experimental, with a pretest and
posttest design and a control group. The statistical population of the research includes all

KEYWORDS: female fourth-grade elementary school students who were studying in Arak city in 2024. The
Peer learning convenience sampling method was used to select the sample. In this way, 50 students were
Learning selected from among fourth-grade students of Rezvan School in Arak and randomly placed in
Artistic skills experimental (n=25) and control (n=25) groups. A researcher-made checklist for learning art
Art lesson skills was used to collect data. The experimental group was trained in 60-minute sessions
Fourth grade using a peer-to-peer approach, and the control group was trained under normal conditions

over nine weeks. Statistical methods were used at descriptive (measures of central tendency
and dispersion) and inferential (variance analysis) levels to analyze the data. The present

* Corresponding author research was conducted with the assumption that the peer education approach has a
&2 r-moradi@araku.ac.ir significant effect on the learning of artistic skills for fourth-grade elementary students in the
O (+98937) 2408016 art lesson.

The assumptions of this test were assessed using univariate Analysis of Covariance

(ANCOVA) before testing the research hypothesis. First, Levene's F test was used to assess the
assumption of equality of error variances in the artistic skills variable; a variance test was used
to check the regression slope, and the regression slope assumption was confirmed for artistic
variables at a significant level (p<.05). Also, the result of Box's M test to check the assumption
of equality of the variance-covariance matrix was confirmed at a significant level (p<.05).
Finally, for the variable of artistic skills, after adjusting for pretest scores, the difference
between the two experimental and control groups was significant, which emphasizes the
influence of the peer approach on the artistic skills of fourth-grade students in the art lesson
(p<.05).
Overall, the results of this research showed that the peer teaching method can
be a powerful educational strategy to improve learning of art skills in elementary students.
The current research recommends that the proposed approach be used as a complement to
traditional methods of education in schools, and in this context, training courses should be
planned for basic application of this strategy for teachers.
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Table 1: Mean and Standard Deviation of the Artistic Skills Variable in the Pretest and Posttest for the Two Groups
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Table 2: Levene’s F Test for Examining the Assumption of Equality of Error Variances in the Artistic Skills Variable in the Experimental and Control Groups
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Table 3: Analysis of Variance Test for Examining the Homogeneity of Regression Slopes for the Dependent Variable
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Table 4: Box’s M Test for Examining the Assumption of Equality of Variance—Covariance Matrices Statistical Indicators

6)La] sl asls
Statistical Indicators
& holine o r Y oolyl a0 Vol ax e oSb el
Significance Level df2 dfl Box's M
.051 2.61 414720.000 3 8.21
Sy so,lpe yuitie 10 axlllass ;g0 09,5 98 dnlin (gl (5 it ST il losS Sl mli B Jgux
Table 5: Results of ANCOVA for Comparing the Two Groups in the Artistic Skills Variable
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Teaching abstract chemistry concepts to students with hearing
impairments is one of the fundamental challenges of the educational system. Mental rotation
ability, as a core component of spatial thinking, plays a central role in understanding chemistry
concepts, and research has shown that the blended learning approach could help improve
learning in students with special needs. In blended learning, students with special educational
needs simultaneously benefit from online learning and in-person instruction and can work
independently at their own pace. Additionally, this approach allows teachers to act with
greater flexibility and dedicate more time to individual interaction with students. Given the
lack of comprehensive studies in this field, this research aimed to systematically review studies
conducted on the impact of blended-learning educational programs on the mental rotation
ability of students with hearing impairments in understanding chemistry concepts.

This research was a systematic review study conducted following the PRISMA
guidelines. Article searches were performed in five databases — Scopus, Web of Science,
PubMed, ERIC, and Google Scholar — for the period between 2014 and 2025. Inclusion criteria
included original research articles related to chemistry education for students with hearing
impairments, the use of blended learning approach or assistive technologies, and examination
of the impact of intervention on learning or mental rotation. From among the 172 articles,
after removing duplicates and reviewing titles and abstracts, 37 articles were selected for full-
text review, and finally, 11 articles which met the inclusion criteria were included in the study.
Betten et al.'s checklist was used to assess article quality. Data regarding intervention
methods, type of technology used, and results were extracted from the articles and analyzed
using qualitative content analysis.

Qualitative content analysis of the articles revealed four main themes: Educational
Challenges (with three sub-themes: difficulty understanding abstract concepts,
communication limitations, and lack of appropriate educational resources, with a total
frequency of 18 cases), Technology Benefits (with three sub-themes: improved content
accessibility, increased interaction and participation, and opportunity for repetition and
practice, with a total frequency of 21 cases), Instructional Design Considerations (with three
sub-themes: use of visual elements, language simplification, and immediate feedback
provision, with a total frequency of 22 cases), and Educational Needs (with three sub-themes:
teacher training, specialized content production, and infrastructure improvement, with a total
frequency of 20 cases). Results showed that the blended learning approach helped to improve
learning through four main mechanisms: creating a multi-sensory learning environment,
enabling deep content interaction, providing immediate feedback, and personalizing the
learning path. Identified effective technologies included molecular simulation software,
virtual reality environments, 3D visualization tools, and new game-based approaches such as
block-based games and gamification methods.

The results of this study indicated that success in teaching chemistry to students
with hearing impairments requires a systematic and multifaceted approach in which new
technologies are intelligently integrated with traditional methods. For successful
implementation of this approach, investment in three areas is essential: development of
technological infrastructure, production of specialized educational content, and continuous
teacher training. Recent advances in artificial intelligence, virtual reality, and game-based
approaches have created new opportunities for improving education, but their successful
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implementation requires attention to issues of accessibility, cost, and educational equity. The
main limitations of the research included the small number of high-quality studies, limited
sample size in some studies, and the geographic concentration of research in specific
countries. It is suggested that future studies examine the long-term impact of educational
interventions, the role of individual and environmental factors in the success of programs, and
analyze the cost-effectiveness of different interventions.
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CEL G BET T o JISIEY High-level competitions require exceptional physical and

cognitive abilities. Decision-making, as a key cognitive skill, plays a crucial role in sports
activities. If this skill improves in any of the players, it will contribute to the success of the
team and the group. Accordingly, identifying effective training methods and technologies
that can enhance decision-making is essential, as such improvements may indirectly boost
athletic performance. These methods should include a variety of exercises along with
environmental control. Among emerging technologies, virtual reality (VR) has shown mixed
effects on athletes’ performance, while video simulation also presents both strengths and
limitations that warrant further exploration. Therefore, the present study aimed to examine
the impact of virtual reality and video simulation training on the decision-making abilities of
novice basketball players.

Participants included 51 novice female basketball players (mean age: 19.88 + 0.68
years), who were randomly assigned to three equal groups: virtual reality (VR), video
simulation, and a control group. The study consisted of two phases: a pre-test and a post-
test. During the tests, participants viewed 10 video clips, each lasting 10 seconds, extracted
from critical moments in basketball games involving changes in direction and course. At the
8th second of each clip, an auditory cue was played, and the screen went black for 2 seconds,
signaling the participant to respond. At the end of this interval, the same cue indicated the
end of the response period, and the next clip was displayed without interruption.
Participants were instructed to indicate their predicted directional decision - right, left,
forward, or backward — as the next move of the player in the scene. Throughout three
training sessions, the VR and video simulation groups each watched 20 specialized clips
containing critical scenarios and decision-making situations. The control group, by contrast,
watched a regular basketball game for 15 minutes in each session. In the post-test phase,
participants were again shown 10 clips similar to the pre-test and asked to make decisions
regarding the next move. For statistical analysis, the Wilcoxon signed-rank test was used to
compare pre- and post-test results within each group, and the Kruskal-Wallis test was
employed to examine differences between the groups.

Indicated that within-group comparisons revealed a significant increase in decision-

making scores from pre-test to post-test in both the virtual reality and video simulation
groups (P < 0.05). However, no significant change was observed in the control group (p >
0.05). Post-test comparisons between groups revealed that the virtual reality group scored
significantly higher than the control group (p = 0.039). However, there were no significant
differences between the video simulation group and the control group (p = 1.00), nor
between the virtual reality and video simulation groups (p = 0.066).
The findings of this study suggest that training with virtual reality and video
simulation technologies can significantly enhance decision-making abilities in novice
basketball players. Both methods led to improvements compared to the control group;
however, virtual reality demonstrated a stronger effect than video simulation, although the
difference between the two experimental groups was not statistically significant at the post-
test stage. These findings suggest that emerging technologies, especially virtual reality, hold
promise as effective tools for training and improving sport-specific cognitive performance.
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