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Abstract : The purpose of this study is to verify the practical effectiveness of the constructivism education theory in building
information modeling (BIM)/integrated project delivery (IPD) collaboration education by determining education methods
that are most relevant to collaboration in the interaction process. We propose a BIM training model that enhances students’
satisfaction in class and collaboration. We aim to identify interrelationships between BIM collaboration education and
constructivism theories, examining constructivism methods in BIM/IPD classes to discern which are the most suitable for
improving and enhancing collaboration and the proposed education model.
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Table 1. Preparations for IPD Collaboration Curriculum
Organization

Required Items for BIM/IPD Training Preparations

Team collaboration with clear IPD objectives

Eligibility to participate
in training
(Student)

Define tasks and responsibilities based on roles

Participation of working-level officials

Select an appropriate redesign project Training Preparation items

(Instructor)

u | w | N =

Collaborative training methods
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Table 2. Overview of BIM Collaboration Learning Experiment.

‘Constructivism Collaboration Process’ Education Experiment

Experimental group
(6 days : 36hours)

Control Group

Object (6 days : 36hours)

Over 3 years of experience
BIM Practical Course Completion

Over 3 years of experience
BIM Practical Course Completion

Qualification 15 people (5 teams)

2 students
+1 practitioner

15 people (5 teams)
2 students
+1 practitioner

Constructivism Collaboration BuildSmart Association

Program Process BIM Coordinator Course

Design and construction improvement plan

Proi 3 i
oject for "police station

Evaluate and verify “Constructivism Collaboration Process”

God method in BIM/IPD class.

5.1.2 TOMAt At w g AHE d

IR Qe s AAES [EVH8YE FGIHAE &0
Al oJgto] Thet 7Ithel @71E (Table 3)3} 20| A5
Ch oAgto] thst &Allsh ollAl= (Table 4)QF ATH.
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Table 3. ‘Constructivism Collaboration Process’ training program

FyF st

ofm

ot BIM/IPDEY StE =1

foil et @i

o CM Manager Architect Constructor
Practician Student Student
Role Expect. Total Ordering, General Manager Design, Re-Design Manager | Construction Responsibility, CM Responsibility
Role Theory Design Manage. Re-Design Process planning
Schedule Manage. Planning Construction method
Role Request - —— - -
Construction Manage. Modeling Finishing Quantity Calculation
Cost Manage. Quantity Preparation Construction Cost
Intro. Project contents / Schedule / Projet Results / Drawing Level
Teaching Course 1 Understanding the project / Design & Drawing analysis
Flipped Teaching Course 2 Project Arch./ Structure Modeling
Learning Teaching Course 3 Modeling analysis / Construction analysis / Collaboration

Teaching Course 4

Modeling analysis Construction. analysis Error report

Teaching Course 5

Design/Process Improvement of quantity/Construction.

Teaching Course 6

Design/Process Volume/Improvement of Construction

Table 4. Teaching Course 1 (Sample)

Teaching Course 1 (Sample)

Subject BIM/IPD Project for Collaboration W Submit revised requirements of Client
Unit1 Understanding class and project objectives | | Subm@t final IPD ot{jectiveg anq detailed objectives
W Preparation through project understanding Student B Submit BIM Modeling Guide Line
Section B Understanding client requirements Evaluation W ChecKist of Question )
Topic W Setting IPD goals and understanding project - The.number of tptal trgubleshootlng
drawing - Difficulty resolution ration
B Understanding the requirements of the client B Requirements from the client
W \Write detailed objectives that are appropriate M ‘Police station Project’ basic design drawings
The aims of for project improvement Class preparation M Revit Template & Family Files
the lesson B Create modeling guidelines and Revit for Project M Excel File format for project Assignment
Modeling template suitable for detailed M Revit Software
pUrposes. M Checklist form of Question
hour Teaching-Learning Activities Learning
Teaching Activities Leaming Activities Type
M Introducing IPD concepts and explaining oM u Ungerstang glle_nt rgquwements Flipped
participant roles and status (Video Lecture) mUn ‘erstan . ‘I’OJeCt Issues . Learning
B Explain remodeling project issues (Police Station), W Setting participant roles and IPD Objectives
Video i the dravying schemg, and client requirement B Understand Client requirements
Class 05hr | m Expanding the service space on the st B Understand Project issues and design Problem
Pre roor{ redgcmg SﬂabceSO‘; }he dan floor/ ridu?ng Architect improvement concept; Area of each floor, floor Based
construction cost by 5%/ reducing construction ) ] »
Class schedule/ Environmentally friendly space desian he!ght, strqctural change, indoor and outdoor Learning
finish, and improvement of green elements.
] o _ N B Understand Client requirements
W Write an IPD objective that fits each participant B Understand Project construction issues; Improvement|  Project
Assignment | 0.5hr role on the Excel form. Constructor|  concepts idea for construction technology methods, Based
W Provides Excel form the reduction of quantity take off, and management | Learning
of construction schedule reduction.
. . Flipped
B Check questions and problems about drawings. ™ u V:/r!te {ec:ugler:]entz;o(;_the ow;srdargdr;v're;rall Learning
Introduction | 0.5hr | M Check definitions and responsibilities for project problems a Iscuss and determine Problem
participant roles common goals of IPD-based CM, architecture, and Based
n ’ ] construction. Learning
Class M Check the IPD joint purpose of participants. Architect | m BC”(jate rgol.de“?g E uidelines for IPD goal-based Project
W Helps create BIM modeling guidelines to MOJeling tasks. ) Based
development | 4hr accomplish IPD objectives. u C_oIIabqrate on CAD-based BIM quellng Learning
B Further explanation of project drawings is given, | Constructor u blstc;/allrlous pr(;blems that occur during the BIM Scaffolding
M |dentify and coordinate practical problems. Cdeling work. Learning
Flipped
™ Learning
W Submit revised requirements of Client W List the problems and solutions that have occurred | Problem
Post Arrangement | 0.5hr | B Submit final IPD objectives and detailed objectives | Architect in the Fol!aborathq Process. . Based
Class B Submit BIM Modeling Guide Line B Submit final IPD joint objectives and details Learning
9 M Create BIM modeling guidelines to meet your final Project
Constructor|  IPD objectives Based
Learning
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5.1.3 W4 5t 247 Of|A|

Che (Table 4)+= 739 sh571HH] BIM/IPDE &1l
9] wsks W19 (Aol IsHEE WFEA 9
QTFAREE Olsliotal AF7Y AlZAL, CM HEoA 24
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HA 2+ 290 HY (Flipped Learning)8H4] © 2
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B2 odFoAe gaus T |YgeE ety AlA
£ QI3 Keller (1987)2] ‘ARCS'@} Thomson et al. (2008)
o] Y9 57 diMe Higto g FAETE 15 HAFGLE:
Focus Group Interview; 2019¢ 118 2292 H 23¥)& A
Aot AR F et AdEse 2 2 6l AR
108 7EEon w4 19, BIM ASAE7} 58, ZAFAL
21, 7|&At 18, BIM AAEEY} FololRith

HANE 8 7 AAE Keller (1987)9] ARCSE 71
HoZ 5lo] @ TS QRIUES, @ 98 QOI(TEED),
QARG QAUE), @ AFIT QRUEEHCE T 19%
gro g 8l

YT 2 4 A= Thomson et al. (2008)2]
A9] 571K iilg 71O 510 @ FsA 2EBEE),
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Table 5. Collaborative Training Assessment Tool

Collaborative Training Assessment Tool

1. Education Motivation 2. Collaboration level

Keller's ‘ARCS' Survey (1987) Five C‘;f;?’ﬂl;‘:}”:f;%gggfve' by
1. Attention 7 items 1. Joint Decision-Making 3items
2. Relevance 4items | 2. Administrative Role 3items
3. Self-Confidence | 4items | 3. Autonomy 3items
4. Satisfaction 4items | 4. Mutual Relationship 5 items
Total 19items | 5. Trust 3items
6. Collaboration Results 6 items
Total 23 items
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E202TM-20082] LOD (Level of Development)2] ZE&
0] 7158 HAE GREAA QFE 7IE0R Aol
CHAIA, 2013). LODQ| %= IPD SEHAIA Z2A|A0 7
APt THAIE 7N ey 84g st dE HEd o
BE d8HE, BANeE, 52 286t LoD B 4=
HH, QR el YQst =S 1-ERAEH), 278

(ZZAEGIA), 35T (ZZAEQ} BIMSEAIR), 45754

=

1 point [ 2 point ] [

T T

A

LOD2
LOD1 Level 2
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of Project

Level 3
question

BIM integrated
application of

Fig. 6. Collaboration Advancement Phase
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FHE7IE B 5 AoH W2 1) 7|1sd BAle i
SIAIEE =2 71710 AIRAQ] BrsidolE ool 7]
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A

!
| Collaboration \
Advancement 1

\1 /7
eA@b) K 4

-

*
+* + High Collaboration Advancement
+ High Resolution rate

.

+ - Medium High Collaboration
* Advancement

Collaboration Advancement Rate(%)
..
I
|
\

* * Low Resolution Rate

= Low Collaboration Advancement
+ High Resolution Rate

>@ C(a2. b2)

Collaboration Resolution rate(%)

Fig. 7. Collaboration Advancement Table

Table 6. Collaboration Evaluation Table

Improvement rate(%)
Coordinates Collaboration Collaboration Team Evaluation
Advancement rate Resolution rate
. Professional
Ala,b) High Low Collaboration
) . Educational
B(a1,b1) Close to Direct Proportion Collaboration
) Student
C(2,b2) Low High Collaboration

Fygme| ot W B8 BIM/IPDEY SR chet 917

=] [ =]
6.1.1. QUUE EMat Fot

Table 7. Improvement rate of collaboration satisfaction

Improvement rate(%)
Factor -
Experimental Control
@ Attention 35% 10%
Collaborative | @ Relevance 32% 13%
Motivation | g Self-Confidence 24% 5%
@ Satisfaction 14% 19%
Average rate of rise 26% 7%

O 8¢l Fa=o] thet AP AR E71ollA Aol A

5 AT B4(35%)7F O AL ThET(10%) HIt &
Aol dsohe Zle & o AT @ g A2do] tigt

AP AL B710IA AIEO] A5 A (32%)2
7} £OIX] AL tiZTH(13%) HUE S46HA WHalehe g &
7 AACE © B Aplol thet AP Al B7101A Al
O] Alg=5& Aglw(24%)9 F71 £O0IK]= BHH thad
(-5%)2 Bt ofEfshs 218 € & /AT @ oY U=
A2 A AR FI7I0IA AIEO] Ald5 Aelat(14%) 1t
AT (19%)2 27 us TS0l et H47h =0 A
OF LIEHATE. SPARE Aol Y TH5Z0] tiaatol H]
sl JEeR U olfe g mE MYt ol
U= A1 dlldol tie 2ol B2 Al 1

EIA7]

O

i}

EOZ LIERITKTable 7).

Table 8. Constructivism learning methods associated with the
satisfaction of collaborative learning

Constructivism

Factor Relational Factor [N b of Times

Flipped Learning

@ Attention 1
D Role—playing

2 | —

@ Relevance] Scaffolding 3 —
Collaborative Learning .
Motivation Prcject basei 4

@Self—Confidence
Learning

@ Satisfacti Problem
@ Satisfaction oble Ibased
Learning

(Table 8)2 ‘A0l 2 ©z 58t BAL 180] ThahAl
TS QIR SO S5 B E 71o] QA A
FHS =E 3147 Aot Aot} ol FYHE 0]
Atof dgks FUE ks & sht AElete= olIr

O g9 o9 dse Eduldi ggstso] 2

stmolanefaE =2 H2w H5s 2021902 ] ]
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Table 10. Constructivism learning methods associated with the
collaboration level

Constructivism

Factor Relational Factor .
Learning method

Number of Times

@ Joint
decision—making

Flipped

Learning 15—

2 Autonomy
Role—playing
@ Collaboration
Collaborative|  Result

Scaffolding
Learning

Motivation|@ Administrative

< 4 —
Role Project based
® Mutual Learning 5 ;) —
Relationship 6 .
Problem based | E———
® Trust 4 Learning
(Table 10)& Al Bl 583 ZAF 10l thaiAl H
5 QAL FHEFY| Sk WS (1] kA (i

g F% 352 Fole Z0/0 FolRks WUUE' Qlxt
o GBS U UM ST HEIFES 5

O B BEIRFER'Y A5S olgiolRo] F

FaLHARKS Eot RiEA o= gaks FAIC 5% =eE
Olgtes =2E 2dsly| floiA Aozt Al 4
HOIE ke HIAISHS0] FAIAOR S5t @ ¢
¥ Ared o 52 JLOIE, HIAISHS, Z2RETH oy
O] N2 S5c Fge FUCEL © ¥ 23 dse 9
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Aoz geks FOUML @ gy WAL s A2
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ST (20%) 1 HET(25%)2 BF SsAAREEo] tiet 41 Tt Hlwslo] ‘SsAAREE AFed |Yduy dgog
2] H47} =01 2O 2 LIEFSTK Table 9). HSIA 7 ES3] Sl A0I1E W HIASHS 0]
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Table 9. Improvement rate of collaboration level A7 SH ASI=E A0 AFE T ThAaTol HlS]
— p——— JHOR e ol ol 70l HE ofie BAA
Experimental Control J—’—Pgoﬂ/ﬂ %%%9] ﬁﬂ 7 } EH?J:‘:]LLOH H]BHH /é]' EH@QE 17%
@ Joint decision-making 72% 52%
@ Autonomy 69% 0% Table 11. Constructivism learning methods associated with the
Collaboration | @ Collaboration Result 38% 1% collaboration level
Level @ Administrative Role 26% 15% Rnk. | Collaboration Satisfaction | Times Collaboration Level Times
® Mutual Relationship 25% 1% 1 Flipped Learning 7 Role playing 19
® Trust 20% 25% 2 Scaffolding 6 Scaffolding 9
Average rate of rise 42% 10% 3 Role playing 5 Project based Learning 4
4 Project based Learning 3 Flipped Learning 2
5 Problem based Learning 3 Problem based Learning 2
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Table 12. Collaboration Advancement Indicators for Experimental

group
Experimental Group
Collaboration
. Advancement | Collaboration
Level of . . Resolution . indicator  |Advancement
.| Questions |Solution| Rate |Weight .
question %) (Resolution Rate
A Rate X (%)
Weight)
Level 1 53 51 96% 1 0.96 6.4%
Level 2 36 26 72% 2 1.44 9.6%
Level 3 34 24 71% 3 213 14.2%
Level 4 43 34 79% 4 3.16 21.0%
Level 5 10 6 60% 5 3.00 20.0%
176 141 76% 15 10.69 71%

60

53

50

40

30

20

10

Fig. 8. The total number of questions (Above line) & the number
of questions resolved (Below line) of Exper. Group

Fygme| ot W B8 BIM/IPDEY SR chet 917

RTS 563 asollA AA 186719 AES o
L1O7HE sHZ3ICE HYaE 7710] w045 AEo| A
A7t 201E= FElZ LERITE et A4 shEE 53%0]
H §¢ ILEshES 46%= LERITKTable 13). AEFFE
O] EPIAA 2A sidE0] "AHOR WolK] = ZEHo]
AUCE AR O Z UQE 0107 = T}t BIM Software
g2 2 s g} FgEy B4to] ¢9loqlrt
(Fig. 9).

Table 13. Collaboration Advancement Indicators for Control

Group
Control Group
Collaboration
. Advancement|Collaboration
Level of . . Resolution . indicator  |Advancement
.| Questions| Solution Rate | Weight .
question (%) (Resolution Rate
Rate X (%)
Weight)
Level 1 59 42 71% 1 0.71 47%
Level 2 34 22 65% 2 13 8.9%
Level 3 43 22 51% 3 1.53 10.2%
Level 4 36 21 58% 4 2.32 15.4%
Level 5 14 3 21% 5 1.05 7.0%
186 110 53% 15 6.91 46%

59

3
1 2 3 4 5

Fig. 9. The total number of questions (Above lline) & the number
of questions resolved(Below line) of Con. Group
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Fig. 10. Coordinates for Collaboration Advancement between
experimental group and control group
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