Tech. Edu. J. 19(2): 1-20, Spring 2025

(TEJ)

TEJ Homepage: jte.sru.ac.ir

e I Technology of Education Journal
e I

SRTTU

ORIGINAL RESEARCH PAPER

Teaching architectural design process using sketchup software with emphasis on
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
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(Spatial Perception test)
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(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
etc. (square-circle-rectangle and..) (cylinder) (Cube, rectangle) (Cube)
3 2 1 3 2 1 3 2 1 3 2 1

fasloass axslu iy (ol oo plaS L € 6 5les Dl joi» (guns as ploesl-)

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

2. The construction volumes of "Exercises No. 2 and 3" were made with which main volume of the foundation?
Sailoads aSlo gl Lol g plas’ b «Ve# 504F0 Lass Ol o Lad 33,k 51 Slezslu plxes! 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?
Failoads aislo aly ol pa> plaST b «Q A o lads Ol yo3» Dibac &ljgiws &b 51 oD colo 5 paw i ,o-F

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

fadloass axsle 4y (Lol KoL oo plaSTL €V ojleds o o (g5luabgore lu 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 ?
Cailoass aslo 4l Lol UKL po s L olos 05507 (su cod g cobu qoun 5 >,k o)

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

€l e (5051 sl Adbins ¥ oz
Table3: Questionnaire sample for the "Spatial Visualization" test
A2 OB e (osltel o0y, )00kl e 4y a5 sloan 551 S e 4
(Give each of the following items a score between 1 and 5 depending on the amount of use.)
by k> s Lgie ] oS k> loaysS

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

(very much)

RIS

ull/push)

5 E3ml 59,505

(subtract/Slice)

oS4l

(union)

50,5l
slope)
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(Give each of the following items a score between 1 and 5 depending on the amount of use.)
ol k> s Lgie o oS sk loay 58
(very much) (Much) (medium) (Low) (very little) (objects)

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

O3S aY 4y
(layer)
RERBY
(copy)
ools ablas

(intersect)

F0u0,5 ooliwl colu glrogds plaS 51 €Y o lads Sl jai? uamy aw plxal Cl jo-)
1.Which construction methods did you use in modeling the three-dimensional volumes of "Exercise No. 1?"
Fau0ges ool col (sboogeds plaS 51 €YY o)Ll Gl joi? Slezslu plosl el jo-Y
2.Which construction methods did you use in modeling the building volumes in "Exercises No. 2 and 3?"
F0u0,5 oolaiwl colu sloogeds plas 51 «F o Lot Ly joi» Lad 53,k 5l Sleislu sl c Lo jo-Y
3.Which construction methods did you use in modeling building volumes through the "Exercise No. 4" view ?
ay0g0 oolitul il (sloogeis plaS 51 «AgA o)les iy 503> DibAC &l jgiws 5,k 51 (D (g5lw 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 ooliiwl colu gloogds plaS 51 €V e o lads o 0 (g5luabgxe (g5l Jon g gy j0-0
5.Which construction methods did you use in drawing and modeling landscaping "Exercise No. 10 ?"
£093,5 o3l SSlu (slooged plaS 5l olis 0397 (santad 5 Siladde o (b 500
6.Which construction methods did you use in the design, drawing, modeling and sheeting of the final project?
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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-
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& (Basic volume modeling) asly plx>! 53lw Joe -
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(Gafors designing) (Building volume modeling) siless L el (53lus Joe - Y _
(Facade construction)led < lus—Y
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B
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.
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(Sending video to repeat content offline) ¢y ST & jguay cdllas ;1,5 oy ol Jlw sl =T (Face-to-face teaching method)
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(Online correction)
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Fig. 1: Educational protocol, curriculum content, teaching method in three stages of the design process.
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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)
795 Srdigel (Kion e < Iolixe
Paired Samples Correlations ta . <

N Correlation Sig.
(spatial perception)@L.‘aé J)o Pair 1 VAR00001 & VAR00002 17 .070 788
(cube) caSe Pair 1 VAR00001 & VAR00002 17 .580 .015
el e -.040 880
(rectangular cube)
(cylinder) algzl -.265 323
(others) ,;Lw .569 .017

(Paired Samples Test) > 9 (slvdiges y903]

sl Slaebl alold asels
o il Sl Sl 95% Confidence Interval of _ _ T
_ Sl the Difference & o9l EEIEESS & holize
5k Jhre T t df Sig.
Std. Error Std. e 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
Lo <
B § .04706 .57676 .13988 -.24948 .34360 -336 16 741
(rectangular cube)
(cylinder) 43|5:..»| .23529 .77857 .18883 -.16501 .63560 1.246 16 .231
(others))ﬁl..» .56471 .61333 .14876 .24936 .88006 3.796 16 .002
O30 0y ~(S0S iz e sl t seil @l VA Jgazr
Table 18: The results of the t test for the variables "Mental rotation"-rotate/fallow me
_ slows o po @a.u
79 Graigel (Sien s . e
Paired Samples Correlations > & . &
N Correlation Sig.
Pair 1 VAR00001 & VAR00002 17 273 .290
(Paired Samples Test) 35 (sldiges (305!
sl L Sl Slaebl alols aals
dl):u' o . C_Em
s st . 95% Confidence Interval of _
Jloess Sl the Difference £ 5 el oolil azys & blse
Sl H [CRSL 3]
N Std. Lges of Sig.
Std. Error Deviation Mean Lower Upper (2-tailed)
Mean
Pair 1 VAR00001 - VAR00002 .48235 1.32676 32179 -.19980 1.16451 1.499 16 .15
(o 90 JG] e 3)1) p8° (ools glas Dyl (oauzm ploel 4y has g by ploxs (5,0):Y 618
Step 1:(drawing two-dimensional shapes) Step 2:(Elevation) Step 3:(Cutting the basic volumes and turning

them into complex volumes)
Ql)'s.{lui,.jb o5 )'| ol (alzc>| LS)'LAJJA (5“"(“5 Y JS»:

Fig. 3: The steps of modeling complex volumes from the perspective of students
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