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ABSTRACT

The pupose of ths studyis to explore the influence of usirguilding
Information ModelingBIM) in theschematic design (SD) atite design development
(DD) phases in the interior design studio clagwe datavascollected fronfive senior
interior design stdents.The nmajority of BIM studieshavebeen conductemh AEC or
mechanical engineering disciplines. Few of theawe beemone in the interior design
discipline. Thus, theris a gap in the interior design body of knowledghis studyis a
gualitative cae studyand the data collecteatedirect observationglocumentatiorof
the design process, and interviews.

The findings reveal a significant influence of using Revit on the design process. In
the SD phase, Revit provides diat representations andcarate measurements in the
existing structure, which helps to explore and develop the chosen concept, spatial forms,
spatial relationships, and conflicts identification. Different design methods could be used
during the design goration. In addition, Rét helps the forms of the design become
more legible, which helps in human needs accommodation and design communication. In
the DD phase, Revit provides a visual illustration of 3D modeling and simulation of
virtual reality thathelps to explore and dewgl design details, including the RCP,
materials, and lighting. The trial and error approach could be used during detail
exploration. In addition, Revit helps to conduct a series of renderings to reach the final
design execution.Ais study suggests a neanceptual framework of Revit in the

interior design process to facilitate the intellectual design work in studios.



TheZPD learning theorys applied in this study tmterpretstudentélearning
experiencesuting the design process when Rewittilized. The interpretation of this
studyis that students beme more thoughtful in the design decisidhe suggestethew
conceptual frameworef Revit intheinterior design procesould provide a strong
guideline and help to construct promgising these @mpts in design educatiaan
raise students' awareness about the design process
Researchers are encouraged to conduct further studies: to examnfkiémnee
of using Revit on the rest of the design proasito examine the influence of using the
new conceptual framework of the design process on design deliverables, design thinking,

and student learning.



Table of Contents

ACKNOWLEDGMENTS .. ittt a s mnne e e e s eenan [
3 =0 1 AN I [ N SR ii
ABSTRACT ..ttt e na bbb iii
KBY T OIS, .. Xiii
LiSt Of ADDIeVIatiONS........ooeeiiiii e e e e e e e e e eeeanes XVi
CHAPTERZL: INTRODUCTION.....ctttttiiiiieiaeee it immme e e e e 1
1.1 Problem StatemenLt.........cooo i 4
1.2 PUIrPOSE STAEMENL......coiiiiiiiiiiiiti e e e e e 4
1.3 RESEArch QUESHIONS.........cevviiieieeieiimmmeeti e e e e et e e e e e e esnmmeessaeeeessesbaaaeeeeesnns 5
1.4 Research APPrOaCh..........oooi i e e 5
1.5 Significance of the STUAY..........cooorriiiiiiiii e 6
1.8 The Organization of the Dissertation..................uuuuiiccceiiieeeeevice s 7
CHAPTER 2: LITERATURE REVIEW.........uutiiiiiiiiiiiiie s ceeetiiiiieeeeeeee e e e e e e smmnaaaa e 9
2.1 Building Information Modling (BIM).........cccoiiiiiiiiiiiieieeeiiii e 9
2.1.1 BIM defiNitiON.....cceeeieiiiiiiiieieee et 9
2.1.2 BIM NISTOIY ..o e e e e e e e e e e e 10
2.1.3 BIM @0VANTAGES- .. . .uiiiiiiiiiiiiiiiei ettt e e e e e e e et e e e e e e e e e e e e 12
2.1 4 REVIL....iiiiiiieeeieeeee et 12
2.1.5 REVIt A0VIBLAGES.......eveiiiiiiiieeee e 19
2.1.6 ReVIt IMItatiONS........ccoe e 19
2.2 BIM and the Design Process Implication in Design Education.................... 20
2.2.1 Interior design and the desSigN PrOCESS. ..........uuururiririieeeiieririieeeeeeeeeeeens 20
2.2.2 HUMAMACIOIS IN AESIQN....uuiiiiiiiiiiiiiieie ettt enee e 24
2.2.3 BIM implication in design education.................cccceeiiimeeeeeenniiieeee e 25
2.3 The Constructivist Learning Theory and the Zone of Proximal Development (ZPD)
B I =0 /SRR PPPPPPRRRRN 34
2.3.1 Constructivist learning theory..............uuiiiiiii i eeeee 35
2.3.2 The theoretical assumptions and principles of constructivist theary....35
2.3.3 The strength and weaknesses of constructivism and constructivist.the3ify.
2.3.4 The Zone of Proximal Devgiment (ZPD) theory...........ccocoovvviiiiiiceeennn. 37
2.3.5 The ZPD frameEWOrK..........cooviiiiiiiiiiiimmmr e eeennn e e e 42
2.3.6 The ZPD aSSUMPLIONS. ... .uuuiiiiiiiiiiiiieeieeeiitiriieeeeeeeeeeeeeeeeeseeereeeeeeeaeeeeeesd 43

Vv



2.4 Chapter 2 SUMMAIY........uuuuuuiiiieee e s ceeeriiness s s e e e e e e e eeeeesamensassaaaaeeeaeeaaseeeees 43

CHAPTER 3:METHODOLOGY .....cciiiiiiiiiiiiiiiviesieeessierraeeaseeeeeeeeeessnnnsseeeeaeaanaees 46
3.1 SHUAY DBSIGN. ...ttt ettt e e e s eeer et et e e e e e e e e e e e e e mmne e e e e 46
3.1.1 Constructivism paradigm in qualitative case study methodolagy......... 46
3.2 The Framework of the Study DesSign...........cccociiiiiimmmn e 47
3.3 RESEAICh SAmMPIE.. ... e 48
3.4 NAtUral SEHING. .. oiiiie e mmmr e e e 49
3.4.1 Interior design studio VII IDES 4607.........ccouuiiieiiiiiiiieeeeeeeeeeee 49
3.5 Data Collection Methods...........ueuiiiii e 50
TS A O T 0[S o1 B {0 1 VST PP 51
3.5.2 OBSEIVALIONS......eueiiiiiiiieee et rree e e e e e e e e e e e e e eeeeeeeennanee 52
3.5.3 Documentation of the design ProCess..........oovveviiiiiiccceeeeeeeee e 52
R 1[0 (=] V= PP PPRS 52
3.6 Ethical CONSIAEratiOnNS. ........uiiiieiee et ceeeie e e eeeeeeenene e e e e e e e eeeeeneennnnes 53
3.7 Data ANalySiS PrOCEAUIES......ccoiiiiiiiieeee e 54
3.7.1. Inductive and deductive analysis.............cccoovviiiiieeeei e 54
3.7.2 HigRquality @nalySiS..........cuviiiiiiiiiiiiiiiieeeeeee e 56
3.8 Chapter SUMMALY .......coiiiiiiiiiiee e e e e e e e e e e eaan 56
CHAPTERAZ: RESULTS ...ttt 57
4.1 Participants Demographic and Backgraund...................cooeeeeeiieriiiieiiiiiinnnnns 58
4.1.1 Partici.p.a.nt.s.a..b.a.c.kgr.ound......59
4.2 Interior Design Studio VII IDES 4607 ProjectS..........uuvvvviiiiiiicreiriniinns! 60
4.2.1 Autism spectrum disorder vocational facility design project (ASD)......60
4.2.2 Adaptive reuse restaurant design project (ARRD)............cooovviiiiiceenn. 60
4.3 Obsevations, Documents, and Interview Data............cccoeeevivccceeeeeeeeenenn 61
4.3.1 The description of the deSigN PrOCESS........uuiiiiiiiiii e, 62
4.3.2 The photos of the deSigN PrOCESS..........uuuuuriiiiiiiieeeiiiiiieieeeeeee e e e e e e e e 73
4.2.3 The final deliverables..............uuuiii e 96
4.4 THE INTEIVIEWS. ... .o iiiiiiiieeeetie ettt e e e e e e e e e e e e e enne s 100
Schematic Design Phase (SD).........oooooiiiiiiiiimnnn i eeeebae e 102
4.4.1 SD Theme 1: Initial caept development.............ccceeeeeiiiiiccciiie e, 102
4.4.2 SD Theme 2: The exploration of forms............ccoooeviiiiiiccciiiie e, 105
4.4.3 SD Theme 3: Human needs accommodation...........ccccoeeeeeeeeennnnnnnnnn. 114



UneXpected TheME......ccoo oo eeee et e e e e e e e emas 118

4.4.4 SD Theme 4: Design method exploration................eeeeeeeeeecvvvvrnieneeenn. 118
Design Development Phase (DD)..........ooooeiiiiiiicmee e eeeee 121
4.4.5 DD Theme 1: Design dson validity.............cccoovvririiiiiiieeeeeeeeeeeeeviiiinns 121
4.4.6 DD Theme 2: The exploration of details.............ccccuvvviiimemnciiiiiiiineee. 124
4.4.7 DD Theme 3: Final design decision executian................cccccceeeeeeeeinnns 132
4.5 Chapter SUMMAIY. ... .ciieiieeeeeeee i eeeeeeee e e e e e e e e et mmmr e e e e eae s e ens 134
CHAPTERS: DATA ANALYSIS AND INTERPRETATION........cccooviiiiiiiiiiee 136
5.0 OVEBIVIEW....ceeiiiiiiiiitiiiie e s ettt s s s e e e e e e e e e e enanss s s s e e e eeeeeaeeeeeeessssannneeeeeeeeees 136
5.2 Evolution of Multiple Stages of Design ExplorationtdsRevit in the SD Phase
......................................................................................................................... 137
5.2.1 SD Theme 1: Initial concept development...........cccceeveeiiiceeciiiciceee e 138
5.2.2 SD Theme 2: The exploration of forms............ccccceeeiiiiiecciiiiiccceen, 139
5.2.3 SD Theme 3: Human needs accommodation...................euireeeeennnnns 145
5.2.4 SD Theme 4: Desigh method exploration...............cceovvvieeeiieeiiieeeeenn, 146
5.2.5 Summary of SD phase themes...............iiicccerieeeee e 148
5.3 Evolution of Multiple Stages of Design Exploration Using Revit in the DD Phase
......................................................................................................................... 148
5.3.1 DD Theme 1: Design decision Valjdi...............cceeeeeiiiiiieeeiiiiiieeeeeeeeee 149
5.3.2 DD Theme 2: The exploration of details............ccccvvvrriiimemiiiiiiiiinenee. 150
5.3.3 DD Theme 3: Final design decision executian..............cccceeeeeeeevvvnnnnns 151
5.3.4Summary of DD phase themes..............coooviiiiiiee e 152
5.4 The Conceptual Framework of the Evolution of Multiple Stages of Design
EXploration USING REeVIL.........ccoiiiiiiiiiiiciceeeeeee e eeeeeeeeeeeeeeee e 152
5.5 Interpretation of the Findings Based on the Zone of Proximal Development (ZPD)
(VYQOLSKY, LO78) ... i e e e e e e e e e e e e e e e amanaaas 157
5.5.1 The Zone of Proximal Development.............cccceeeeiiiiieccevieiiiicieenn, 157
5.5.2 NEQALIVE CASE.....ciiiiiiiiiiieee e 160
CHAPTERG6: CONCLUSIONS AND RECOMMENDATIONS EPILOGUE........... 161
6.1 OVEBIVIEW. ...ttt ettt s ettt e e e e e e e e e e e e enann e e e e e eeas 161
G2 I 011 7= 1 [ S 163
6.3 IMPICALIONS......uui i e eee e e e e e ameeeeeaeans 163
IR 0 s (1 [0 [T | £ VR RP R PPP 163
GRS T o [1 o= (0] £ TSRS 164



6.4 1SSUES Of TrUSIWOITNINESS.......cciiiiiiiieieeiii e 165
6.5 RECOMMENAALIONS. ... ..ciiiiiiieeeiiiie et ee e e e e e e e e e eeeas 166
BIBLIOGRAPHY ...ttt ettt e e e e e et e e e e e e e e e e e e e e e e e s s s s s nmmneeeeeeas 168
APPENDICES . .....oi ittt ee e a e e ananrr e eeeees 176
AppendiX A: CONSENT TOIM.......ooiiiiiiiee e 176
Appendix B: Research tasks form for students..............cccceiiicceveeeviiiiiiiinnnn, 180
Appendix C: The instructor consent to conduct this research in IDES 4607.clE8s
Appendix D: IRB @pproval...........cooooiiiiiiiiiiee e 182
Appendix E: Gataanalysis methaogl...............ooovviiiiiiiie e 183

viii



List of Figures

Figure 1. The orgazation of the dissertation. Adapted from: A Cultid@sed Design
Pedagogy for Nigerian and South African Spatial Forms (p. 6) by Asojo (2011)....7

Figure 2. Model Elements in Revit. From Interior design using Autodesk® Revit® 2016

(p. 1-5), by Stine and Hansen, 2018, SDC Publications..............ccoovvvvieeeiiieeeeeeenn. 14

Figure 3. Grids are datum elements. From Interior design using Autodesk® Revit® 2016

(p. 1:7), by Stine and Hansen, 2018, SPublications...............cccceeevvvvvieeeeiie e, 16

Figure 4. Levels and Reference Plane are datum elements. From Interior design using

Autodesk® Revit® 2016 (p.-f), by Stine and Hansen, 2018, SDC Publications...16

Figure 5.View-Specific Elements contain annotation elements and details. From Interior

design using Autodesk® Revit® 2016 (p7)l, by Stine and Hansen, 2018, SDC

[ 0] o] [Ter=11Te ] o SN U N TR URTRTR 16

Figure 6. On the right, a mass with a sloped side. On the left, walls are applied by face to

mass. From: Interiodesign using Autodesk® Revit® 2016 (p16), by Stine and

Hansen, 2018, SDC PubliCatioNnS............cooiiiiiiiieees e 19

Figure 7. The Design Process before using Revit (Guerin & Martin, 2010; Cline, 2014;

0 (0] 1S T2 R 22

Figure 8. The implications of the ZPD's concepts in the study (Wertsch, 1984; Shabani et

al., 2010; Gredler & Shields, 2008).........cccceeeiiiiiiiiieeer e 39
Figure 9. The Zone of Proximal devel opment
ase@lucational theory: Contingency in | earni
Taber (2011). Educational theory. p. Bl.......ccoooeiiiiiiiiiiiee e 42

Figure D. The framework of the study deSigN...........ceeiiiiiii e 47

Figure 11.Thematic Interpretations Analysis. From: Research design: Qualitative,
guantitative, and mixed methods approach (4th ed.) (p. 197) by Creswell, 2014,

Thousand Oaks: SAGE PubIlications.............coouuiiiiiiicciiiieeiiiiii e 55
Figure 12. The design process took ovevek for the ASD project.............cccuvuen... 60
Figure B. The design process took ovew@éek for the ARRD project..................... 61

N


file:///E:/Decuments/U%20of%20M/spring%202020/To%20defence%20my%20D/The%20Dissertation%20by%20Faten%20Yanksari%204.17.%202020.docx%23_Toc38021934
file:///E:/Decuments/U%20of%20M/spring%202020/To%20defence%20my%20D/The%20Dissertation%20by%20Faten%20Yanksari%204.17.%202020.docx%23_Toc38021934
file:///E:/Decuments/U%20of%20M/spring%202020/To%20defence%20my%20D/The%20Dissertation%20by%20Faten%20Yanksari%204.17.%202020.docx%23_Toc38021937
file:///E:/Decuments/U%20of%20M/spring%202020/To%20defence%20my%20D/The%20Dissertation%20by%20Faten%20Yanksari%204.17.%202020.docx%23_Toc38021937
file:///E:/Decuments/U%20of%20M/spring%202020/To%20defence%20my%20D/The%20Dissertation%20by%20Faten%20Yanksari%204.17.%202020.docx%23_Toc38021937
file:///E:/Decuments/U%20of%20M/spring%202020/To%20defence%20my%20D/The%20Dissertation%20by%20Faten%20Yanksari%204.17.%202020.docx%23_Toc38021938
file:///E:/Decuments/U%20of%20M/spring%202020/To%20defence%20my%20D/The%20Dissertation%20by%20Faten%20Yanksari%204.17.%202020.docx%23_Toc38021938
file:///E:/Decuments/U%20of%20M/spring%202020/To%20defence%20my%20D/The%20Dissertation%20by%20Faten%20Yanksari%204.17.%202020.docx%23_Toc38021938

Figure 14. Photos of SDand DDphases t he desi gn process of s

10 (S NS T N o] ] = ox S 74

Figure 15. Photos of SD and DD phases in the design procsgsleht #1 during the

ARRD PIOJECT.....ciiiiiieeeeee oot e e e aner e 76
Figure 16. Photos of SD and DD phases in t
101 NS B N o] o] = X USSP 79

Figure 17. Photos of SD and DD phases in the design process of student #2 during the

ARRD PIOJECT......ciiiieeeeee et e et eannr s 81
Figure 18P hot os of SD and DD phases in the desi
y NS T B N o] ] = ox FH PSP 84

Figure 19. Photos of SD and DD phasesiandesign process of student #3 during the

ARRD PIOJECT....ceiiiiiiiee ettt e ettt e et e 85

Figure 20. Photos of SD and DD phases in the design process of studerst# t eam dur i
thE ASD PrOJECL. .. .o e e errer e e e e e e e e e e e e e e e e nnnraaaaaaaaas 88

Figure 21. Photos of SD and DD phases in the design process of student #4 during the

ARRD PIOJEQ. ...oeeiiiiieeee et e et aner e 90
Figure 22. Photos of SD and DD phases in t
thEe ASD PrOJECL. ... oo e e erre e e e e e e e e e e e e e e e e e e aeraaaaaaaaaes 92

Figure 23. Photos of SD and Oibases in the design process of student #5 during the

ARRD PIOJECT....ceiieiii ettt e bttt eaeen b 94
Figure 24. The ASD pr.oj.ect..by..st.udefi6t #106s
Figure 25. The ARRD project by student #1.............ceiiiiiiiiicccceeee e 96
Figure 26. The ASD pr.o,j.e.ct..by..st.udef7t #20s
Figure 27 The ARRD project by student #2..........coooooiiiiiiiiiiccc e 97
Figure 28. The ASD pr.oj.ect..by..st.udefl8t #30s
Figure 29. The ARRD project by student #3...........ccoooviiiiiiieeen e 98

Figure30. The ASD proj ec.t....by..st.udent. .. #£9Ps t eal
Figure 31. The ARRD project by student #4...........coooorriiiiiiiccc e 99
Figure 32. The ASD pr.oj.ect..by..st.udelfd #506s
Figure 33. The ARRD project by student #5.............cooiviiiiiiceeii e 100



Figure 34. Thmes that emerged from data..............ccoooviiiiiieeee e 101
Figure 35. The initial concept development ProCess...........ccvvvvvvvvvieemeeeeveeeeennennns 103
Figure 36. The exploration of formsowid occur at any time of the SD phase using
2D/3D views that lead to make the design idea more legible................ccccoeeeee. 105
Figure 37. 2D/3D form eloration helps in conflicts identificatian........................ 110
Figure 38. 2D/3D form exploration helps to make the idea more understandabl&l3
Figure 39. The human needs accommodation occurs in the space needs and functional
analysis While USING REVIL...........uuuiiiiiiiiiiii e 115
Figure 40. The different kinds of method exploration that are found in interviews19
Figure 41. The Students used a triadl rror approach to validate the design decision in
DD PRaSe.. ...ttt e e e e e e e amne e e e e e 121

Figure 42. The detail sb6 explpbasea.t.i.a.nl24woul d

Figure 43. The consistent color visual style was used in material analysis in the DD

PRASE. ... . ————————————— e e e amn—— e aaaaaaaaaaes 127
Figure 44. The iteration in refinement and draft rendering to execute the final design
[0 =03 ] o] o U PRPRPRN 132
Figure 45. Student #2 went beyond the iteration in refinement and draft rendering to
execute the final deSIgN.... ..o 133
Figure 46. Shows a comparison of the hand anditfial block diagram................. 141

Figure 47. The new conceptual framework of Revit in the interior design process; the
evolution of multiplestages of design exploration using Reuvit.............cc..cooevveeeee. 154
Figure 48.The comparison of the design process before and after using Revit. 155
Figure 49. Examples of the students' experiences in design projects................ 157
Figure 50. The Zone of Proximal development of the Inté@®sign Studio VII adapted
from (Vygotsky, 1978, as cited in Taber, 2011, p. 51)c..cceiiiieieieiiiiiiiieeee e 158

Xi


file:///E:/Decuments/U%20of%20M/spring%202020/To%20defence%20my%20D/The%20Dissertation%20by%20Faten%20Yanksari%204.17.%202020.docx%23_Toc38021977
file:///E:/Decuments/U%20of%20M/spring%202020/To%20defence%20my%20D/The%20Dissertation%20by%20Faten%20Yanksari%204.17.%202020.docx%23_Toc38021977

List of Tables

Table 1The demographic information of the participants............ccccovvvvvieeeeeeeeeen 59
Table 2. FIgure 14 KeYNOTES.........cccoiiiiiieeeiiieeee e 75
Table 3. FIgUre 15 KEYNOTES........cooi i 7
Table 4. FIQUre 16 KEYNME. ........ooooi i 80
Table 5. FIgure 17 KeYNOTES..........ccoiiiiiieeeeiieeee e 82
Table 6. FiIgure 18 KeYNOLES..........ccciiiiiiiiiiiieeee e 84
Table 7. FIQUre 19 KeYNOTES........cooi i 86
Table 8. FIgure 20 KEYNOTES........coooii i 88
Table 9. FIgure 21 KEYNOLES..........ccoiiiiiiiieieieeee e 91
Table 10. FIQUre 22 KEYNOLES...........uuuueiiiiii e enenies e a e e e e e e e Q3
Table 11. FIQUre 23 KEYNOTES........uuuiiiiiiiiiiiiee ettt 95

Xil



Key Terms

Keywordsdesign educatiortheinterior design process, schematic design phase,
design development phase, building information modeingRevit

Design educationcovers different disciplines including, interior design,
architecture, graphic design, and industrial design (Ortheg)20Esign education
attempts to deliver design understanding a
thinkingg and connectivity across discip.ineso
In addition, design education involves applying consivigttiearning theory whereby
students explore solutions, accept criticism and feedback, share thoughts, collabdrate
express themselves through probkeoiving and creative thinking process in design
(Ankerson & Pable, 2008; Kocadere & Ozgen, 2012).

I nterior design courses:CIDA (2018) categorizes interior design courses as
professional e d u doaused onrskillddevelopmentdor spdrificc ar e A
purposeso (Council for I nt#erior Design Acc

Studio designcoursesare condated in a studio environmewherestudentsare
engaged in solving problem projects. Students in design coursegicotizeir
knowledge and learning via evaluation, feedback, and their design experience (Kocadere
& Ozgen, 2012).

The interior design process: Interior Design Educators Council (IDEC),

International Interior Design Association (IIDA), The Council for tideDesign

Accreditation (CIDA), American Society of Interior Designers (ASID), and National

Council for Interior Design Qualification (NOIQ) adopted Guerin and Martin's (2010)
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descriptionof the interior design processhavingsix phases that incluggogramming,
schematic design (SD), design development (DD), contract documents, contract
administration and post occupancy evaluation.

Schematic designphase (SD): s a Aprel i minary design de:
(Slotkis, 2017, p96). Students develop desigoncepts and parti sketches. Parti sketches
Ashow a relationshi p ofb)anaillustrate thedasiv tesigne 6 ( C
concept through forms. In addition, students use bubble diagrams to explore, identify and
locate zones of activitie$serin & Martin, 2010; Slotkis, 2017A bubble diagran is a
group of labeled circles that illustratgpaces and functions and its relationship to each
other (Cline2014). Moreover, students prepare the preliminary layouts of floor plan,
materials, andixtures, furniture, and equipment (FF&E) (Guerin & Martin, 2010;

Slotkis, 2017); prepare mood boarttsgt contain color scheme with inspiration images,
which Cline cal l s b)tandftawmelinnirary sections,e ssenceo
elevations, and persgieves (Guerin & Martin, 2010).

Design development phase (DDBtudents work to communicate their dgsand
add more details in the floor plan, scale models, sections, elevations, and perspectives;
finalize color choices, materials, and FF&E; and reviending codes (Guerin &

Martin, 2010; Slotkis, 2017). In additiotheyf i nal i ze @A pr ocwobtdiur es ne
approval of designo 33).Guerin & Martin, 2010
Visualizationi s At he ability to create ment al |

manifestation o d e s i g n(Dosg& Gibson, A99&p. 4).
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Building information modeling (BIM) is a platform tlat providesiobjects that
represenarchitecturaklements, parametric 3D modeling, rendering functions, automated
drafting, rich graphic and negraphicinformation stores, and interoperability to analysis
programg Cléyton et al. 201(Q. 44).

Modelsfi i@ a threadimensional method of visualizing a thréienensional
space. [The model] captures the essence and spirit of a space and helps [students] to
visualize the threel i me n s i o nRotswarte & Andetsgn015(p.58).

Revit is a BIM application that can produce twdimensional (2D) drawing and
threedimensional (3D) modeling, such as plans, elevations, and 3D views with a
parametric featurandcomputational analysis capabili¢$lotkis, 2017 Gerber & Lin,

2014.

The parametricfeature meanghatif a change happetin an element design in
2D or 3D design drawing, Revit will update this change automatically for all design
drawings (plan, elevatia, 3D viewsgetc) of the project, which saves time and effort
(Slotkis, 2017).

Computational analysis.Revit dasnot design by itself, but @ssome analysis
includingenergyanalysis, sun analysiandartificial light analysiqGerber & Lin, 2014).

Parametric building model featuree.g.,the wall will resize itself if the height of
the celing is raised.

Design Exploration means considering atiation of design solutions and goals to

ultimately reach a better design solut{ghilian, A. (2006).
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Visualizatonii s t he manner of thought in whicl

in themind. These images may be manipulated, rotated, increased or decreaseéd in size
(Allen, 2010, p241).

Spatial abilityi s Ar el at e d[and]emphasizes thrédimenaidnal o n
space. The twaimensional image transforms to a mass or empty voluroeidimg

a sense of proportion, distance, balance, and the(Wken, 2010, p241).

List of Abbreviations

2D: Two-dimensional

3D: Threedimensional

ADA: Americans withDisabilities Act

AEC: Architecture, engineering, and construction
ARRD: Adaptive reuserestaurant design project
ASD: Autismspectrumdisorder vocational facility design project
ASID: American Society of Interior Designers
BIM: Building Information Modéng

CAD: ComputerAided Design

CIDA: Council for Interior Desigiiccreditation
CIDA: Council for Interior Design Accreditation
DD: Thedesign development phas

ID: Interior Design

IDEC: Interior Design Educators Council

[IDA: International Interior Degners Association
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IRB: Institutional Review Board

NCIDQ: NationalCouncil for Interior Design Qualification
RCP:Reflected ceiling plan

SD: The schematic desigrhase

ZPD: Zone of Proximal Developmettieory

Notations:
The terms BIM, BIM/Revit, ad Revit are used frequently throughout this study. The
term @BlemM& nto BIM technology, and the term

specific Revit software.
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CHAPTER 1: INTRODUCTION

A[ Us i n,g wdkeavhrough the space and I've hapto every single

corner... [Revitl helpsmput mysel f at t hoewdesycal e o

Interior design education prepares students to be practitioners in the design
industry by focusing on competencies of technology skills, design thinkirigndes
process, communication, team collaboratfmofessional ethics, environmental
awareness, and multicultural awareness (Council for Interior Design Accreditation, 2018;

Guerin, & Thompson, 2004).

In design literature, scholassudy the area of technogly in design education.
Oxman (2008) encourag@ork on the development of a new body of knowledge,
methodsand processes based on the use of technology in design edu@atioer. and
Lin (2014) stud the impact of using BIM on theedign decision makin the early
stage of the design process in AEC. Thaport that the use of BIM in the design process

Aremains | argeB?y. unexpl oredo (p.

In this study, the focus will be on the use of Building Information Modeling
(BIM) technolayy and the design pcess in interior design educatidine Building
Information Modeling (BIM) platform is a way for the architecture, engineering, interior

design, and construction industries to man
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cycle fom conception to catruction, and through facility management (Asojo, 2012;

Demchak et al., 2009; Mostafa, 2016; Rosli et al., 2016).

Revit is a BIM software applicatiaiatis used to produce twdimensional (2D)
and threedimensional (3D) drawings duag the design pross (Slotkis, 2017). Revit is a
parametric building design softwatteat collects data about the project's physical
characteristicsproviding information on building elements, including cost and

manufacturing (Stine & Hansen, 2018).

BIM provides numerousdaantages that encourage educators and practitioners to
use this technology. Examples of these advantages in the design include the ability to
communicate laoutdesign, the ability to collaborate with a team, the ability to analyze
thespace and visualizg and the ability to test space layouts and materials (Johnston,
2011).More literature on BIM technology and its advantages and limitations are

discussed in Chapter 2.

Scholars havstudied technology and interior design educatioexamining
attitudesand usage of technology, comparing hand tools and digital tools, and exploring
the impact of technology and digital tools on creativity (McLain Kark, 200@9.
majority of BIM studiesveredone inarchitecture, engineering, and constion (AEC)
(Berwal, 2008 Denzerand Hedges2008 Gerber and Lin2014 HedgesandDenzer
2007 Leicht and MessneR007 Park and Leg201Q Rosli et al., 2016 However, few
scholars in interior design have studied the use of Building Information Modeling (BIM)

in thedesign process in a studio setting (Asojo, 2012; Gibson, 2007; Orthel and Day,

2
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2016; Zuo and MaloneBeach, 2010; Zuo et al., 20b®@ddition, limited studiekave
focusedon how BIM influences the design proceBbus, there is a gap in the interior
desgn body of knowledge.

Further investigations are needed about how BIM technology influences the
design process in interior design education. The objective of thisisttalgevelopthe
fundamental knowledge of the design process while using®Mt. This could

enhance st ude nt/Revitandtheirprodudivity irotme desifjn pdess.

In 2018 at a university in the Midwesitve senior interior design studemgre
interviewed to collect data about the influence of using B&¥iton the @&sign pocess.
The data collectedredirect observationgjocumentatiorf the design process, and
interviews. The knowledgie constructed between the researcher and the participants

from discovery and verification withiareatlife setting to answer thresearh questions.

Findings reveal a new conceptual framework of Revit in the interior design
process that adds to the body of interior design education knowledge. The constructivist
learning theory (David, 2015; Gash, 2014; Hein, 1%8dkanson, 2000yicLeod,2015;

Mer gel , 1998; Pelech, 2010; Taber, 2011;
Proximal Development (ZPD) theory (Chaiklin, 2003; Gredler & Shields, 2008; Hickey
et al, 2000; Kuusisaari, 2014; Shabani et al. 2010; Taber, 2011; Vygb®i&/,

Wertsd, 1984)areused.These are discussed in Chapter 2, the literature review.
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In Chapter 1the researcher discesthe problem statement, purpose statement,
research questions, research approach, significance of the study, and the organization of

the dissaation.

1.1Problem Statement

Based on the literature review, several stulese beenlone orthe BIM topic.
Most of them discuss creativity or the design process. Gerber and Lin (20hstud
impact of using BIM on the design decision nmakin tre early stage of the design
process in AEC. They report thhe useof BIMint he desi gn process fnr ¢
unexpl 0987.dhe méjqgity of BIM studiearedone in AEC or mechanical
engineering disciplines. Few of thearedone in thanterior design disciplineThus,
thereis a gap in the interior design body of knowledge.

Four years agohe researcher started exploring the influence of BIM on the
design process. After several pilot studies to determine the research topic, théeesearc
determined thagxploring how BIM influences the design procesald provide

fundamental knowledge thabntributes to interior design education.

1.2Purpose Statement

Historically, interior design studengsedhand representation techniques in the
design process to develop conceptual and schematic Meegs recently, with evolving
technologies such &M, studentshave beemxploring their designs digitally. This
study focussmore specifically on the schematic design (SD) and design development

(DD) phase®f the design process.
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The purpose of this studyto explore the influence of BINRevitin the
schematic desig(ED) and design development (DD) phaisethe interior design studio

class.

1.3Research Questions

Thereis aprimary researchjuestionand two subguestions:

1) How does BIMRevitinfluence the design process in the interior design

studo?

a. How does BIMRevitinfluence theschematic design phase (Sixhe

design process in the interior design studio?

b. How does BIMRevitinfluence hedesign developmemthase (DD )f

the design process in the interior design studio?

1.4Research Approach

In order to study the influence of BIRevitin the design process, an explanatory
case study approachused. This approacimsto develop a deepnderstanding of the
phenomena and provide andepth description (Yin, 2014). Datacollected from direct
observationsgocumentatiorof the design process, and interviews to provide valid results
and answer the research questiong¢@ell, 2014).

Research participan@reselected from the population of undergraduate interior
design students. Homogeneous, purposive sampling resulted in n=5 senior interior design

students. Thegreselected based on a proficiency skill level in Revatais collected
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from Interior Design Studio VII IDES 4607, where participants experience the use of
BIM in the design process.
IDES 4607 is dourth-yearinterior design studio course where students engage
in creative design problesolving of interig design projectfocusing on universal
design, life safety issues, and adaptive use of spaces (The University of Minnesota,
2015). IDES 4607 consists of three projeBtata collectioris done orasecond project
c a | busschspéctrumdisorder (ASD) voational facilityde si gndé and t he t hi
call ed o6adepttiawe amdugdesi gn ( ARRD) 6 (Hickey
The researcherconstradch e st udy results from partici
thematic interpretation analysis. Through a processmdtant comparisqQrategorizing
of the data, and pattern matchifgyr themes emerged the SD phaseandthreein the

DD phasgCreswell, 2014; Ryan & Bernard, 2000n, 2014).

1.5Significance of the Study

The purpose of this studyto explore the influence of BINRevitin the
schematic design (SD) and design development (DD) pirasies design process in the
interior design studiolhe objective of this studg to developthe fundamental
knowledge of the design process while gdM/Revit. Thisknowledgecould enhance

student s6 u tRelitand maductivity inohe design process.

This studyprovidesa rich description of the design process while using
BIM/Revit Findings contribute to the interior design body of klemge in different
ways. Interiordesign students i becomemore aware of the interior design process

while using Revit Educatorsvill be able todevelop new studio prongbased on the
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study findings. Researchargy conduct future research that expogher technology
influences inthe design process. Themethe general implicatisof thefindings; more

detailed implicationgrediscussed itChapter 6.

1.8 The Organization ofthe Dissertation

Chapter1 The purpose is to explore the influence of BIM/Revit in the SD and DD phases in the interior design studio class

I

Literature review
Keywords : BIM, the design process, interior design education, and the ZPD theory

Chapter2

Methodology
The data consisted of direct observations, documents of the design process, and interviews (n=>5)

Chapter3

A Case study: Interior Design Studio VII IDES 4607 (ASD and ARRD projects)
Design process:

Programming phase

Schematic Design phase (SD)

BIM/Revit
Design Development phase (DD)

Final presentation

l

Results
(indicatesthe emerged themes from interviews )

Chapter4

Chapter5 Data Analysis and Interpretation
(the answers of the research questions)

Conclusionsand Recommendations Epilogue

Chapter6 . . . - .
(overview, limitations, implications, and recommendations)

Figure 1. The organization of the dissertation. Adaptexf: A CultureBased Design
Pedagogy for Nigerian and South African Spatial Form$)y Asojo (2011).

Figurel illustrates the organization of the dissertation. Chapter 1 introslane
overview of the study, the problem statement, purpose statenssdraele questions,
research approach, significance of the study, and the organization of the dissertation.
Chapter 2 demonstesithreedomains of informatiofrom the literature reviewA) The
BIM sectionpresers BIM history, BIM advantages, Revit, aikvitd slementsB) The
design education secti@xplainsinterior design education, the design process and BIM

implication indesign educatigrC) The theory sectiorlaborats constructivist learning

7



EXPLORING BIM AND THE DESIGN PROCESS IN INTERIOR DESIGN PEDAG®G

theory, theory assumptions, the zone of proximal dgweémt, and theory implication in

design education. ChaptepBsents the study methods with an outlined study dekign,
framework of the research design, research sample, natural setting, data collection

methods, procedure, ethical consideratiamsidata analysis procedures. Chapter 4
demonstratethe results in four section8) The Interior Design Studio VII IDES 4607

secton demonstratethe case study class, what and when data collection hapned

The participant sod de niongeseripgihe demagraphicb ac k gr ou
information of the participants and their backgroyr@sThe observationglocuments

andinterview data section providé-depth descriptions of th&SD (secondland

ARRD (third) projecs with each studenD) The intervievs section indicatethethemes
thatemerged r om i nterviews with participantsd qu
demonstratethe answers of the research questiorfeum sectionsA) evolution of

multiple stages of design exploration usBifyl/ Revit in theSD phaseB) evolution of

multiple stages of design exploration usBidyl/ Revit in the DD phaseC) the

conceptual framewd of the evolution of multiple stages of design exploration using

BIM/Revit, andD) the interpretations of findings based on the Zoheroximal

Development (ZPD) theory. Chapteegplainsthe conclusion and recommendations in

four sectionsoverview, Imitations, implicatios, and recommendations.
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CHAPTER 2: LITERATURE REVIEW

This chaptempresens a review of literatureconceps and theoriethat inform a
greater understanding of the influence of BIM in undergraduate interior design and
architecture, engineering, and construc{idi&C) clas®s In thischaptey the main
keywords a&e Building Information Modeling (BIM), Revit,iHe design process, BIM
implication in design education, constructivist learning theory, and Zone of Proximal
Devdopment theory (ZPD). Thehapteroutlines three domains of information. Firtste
BIM sectionpresent8IM definition, BIM history, BIM advatages, Revit, Revit
advantages, and Revit limitations. SecahdBIM implication inthe designeducation
section demonstragénterior design and the design process, human factordistuksses
research related to interior design and the design prodtss the context of using BIM
in design education. Thirthe theory section demonstrait®nstuctivist learning theory,
the theoretical assumptions and principles of constructivist theory, the sgrandth
weaknessesf constructivist theory, the Zored Proximal Development (ZPD) theory,
the ZPD frameworkandthe ZPD assumptions. These three dors of informatiorare
selected to illustrate relevant studies and thoroughly explain key concepts and theories
essential to this study.
2.1Building Informat ion Modeling (BIM)

2.1.1 BIM definition. TheBIM platform is a way for the architecture,
engineeing, and construction (AEC) industry to manage building data throughout

projectodos |ife cycle from conception to

c

o

(Asojo, 2012; Demchak et al., 2009; Mostaf
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represaet ati on of physical and functional char
p. 1). BIM technology reduces errors that could happen in the worksitereatts
prototypes as digital models, which helps indlesign ofcomplex projects (Demchak et
al., 2009).

2.1.2 BIM history. The design process engages a variety of drawing tools ranging
from pencils to digital programs such as CAD and BIM (Mostafag2@iedmont
Palladino, 2007)CAD and BIMare digital drawing toal that make this execution more
precise BIM canalsomanage building life cycle information, quantify elements in the
project, calcul ate cost andontvismkzationaond t r an
simulationo (2Bostafa, 2016, p.

BIM is a technology that has evolved over the years through many innovations by
different investors all over the world (Goubau, 2017; Mostafa, 2016). Nearly 60 years
ago, well before the emergenceBiIM, writers were considering how technology could
improve architeture and design. lAugmenting Human Intelle€1962), Englebart
described a futuristic vision of the use of computer programs in architecture and design in
which an advanced computer prag could manage and solve complex problems in
accessible and prodtive ways. Englebart described the concepts of parametric objects
and relationships, concepts that contemporary BIM technology uses.

Concurrent with Engl ebarStteesdanddl®63) si oned
invented a 2D drafting interface called Sketahpahichis the first version of CAD
(Goubau, 2017). However, due to the high cost of this program, it did not expand to

public use (Dong & Gibson, 1998). In the 1970s, the architecturearsdruction

10
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industries started to use CAD programs; howeverag mot a fast rollout. Fewer than
30% of architecture and engineering firms in 1976 worked with computers in any
capacity beyond project management tasks such as design analysis antihtaish@s
(Dong & Gibson, 1998). In the 1980s, the AEC and desiduasiny gradually started
using CAD software in their projects; however, these computer programs still did not
impact the early stage of the design process and were widely considered to be
documentation and representation tools (Dong & Gibson, 1998).

In theUse of Computers Instead of Drawings in Building Deg¢id@v5), Charles
Eastman and colleagues developed a prototype of a computer system that resembles BIM.
They called the program Builalj Description System (BDS) and built it at Carnegie
Mellon Universty in Pennsylvania. BDS contained a library of readgde objects and
materi al s. Eastman (1975) described BDS as
providing a single integrated databdsevisual and quantitative analysis for testing
spatial conflicta nd f or b0).aAfter BDS was implemented at Carnegie
Mellon in a class project in 1975, Eastman reported that it enhanced the finished drawing,
provided visual analysis, and pided design solutions in less time than other methods.

Between 200 and 2012, the adoption of BIM in the North American interior
design and AEC industries increased by 22% (Mostafa, 2016). The most famous
examples of BIM tools that work based on pararnetrodeling are Autodesk Reuvit,

Bentley Architecture, ArchiCAD, Vasiaand Vectorworks (Eastman et al., 2011).

However, this study foceson Revit software.

11
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2.1.3 BIM advantagesBIM can reduce the project cost and time needed for
documentation, which iturn boosts productivity and project quality, facilitates the
desigqn process, and enhances project team collaboration (Eastman et al., 2011; Mostafa,
2016).TheBIM system provides more than a 2D and 3D view; it also provides 4D (time
dimension), 5D (coddimension), 6D (facility operation dimension), and 7D
(sustainabiliy dimension) viewgMegahed, 2015Goubau, 2016

BIM fdelivefs] quick and reliable information in areas of sustainability,
estimating, structural analysis, demolition and reconstructi®gh & Cory, 2008, ).

BIM provides spatial relationships, light analysis, and digital files that contain all data
related to theproject. This data does not just provide a wide range of information about
the building life cycle but also helps in dgioin making (Eastman et al., 2011; Goubau,
2016). BIM contains a parametric objestiich provides automatic consistency with any
modification that would happen in the projé&oubau, 2016). Finally, the BIM platform
has several additional benefits, irgilug drawing, data management, the ability to share

data with multiple parties, and the specification of finishes (Rosli et al., 2016)

2.1.4 Revit.Architecture and interior design drawings require precision detailing
and high levels of accuracy, whichnclae easily achieved by using digital tools,
including Revit (Brandon, & McLain Kar k,
usedto produce 2D and8D drawings during the design process (Slotkis, 2017), such as
plans, elevations, and 3D views with agraetric featurand computational analysis

capability(Gerber & Lin, 2014 Revit is a parametric building design softw#rat

12
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collects data about the project's physical characterjgirowiding information on

building elements, including cost and mé&aiuring (Stine & Hansen, 2018).

In 1997, Irwin Jungreis and Leonid Raiz founded Charles River Software
Company in Massachusetts, and@000 they produced Revit software, its name a
portmanteau of two words: Ar ev mgaeydoughh d fi n
Revit for $133 million and introduced it to the market (Rosli et al., 2016). Revit is
considered the market leader foiMBin architectural design because it has a-well
organized menu, an easy user interface, hints about each tool, and dugraptecs
designed to introduce users to the function tool. Thefusedly menu makes it easy to
generate a drawing and providegpgort to create custom parametric objects. Revit also
contains an extensive library that includes collections and pmduétature that is
attractive to external furnishing companies who can upload and share their products as a
family file through Revit. One of the most
ability to import models from SketchUp, 3D Max, and faZyras well as expoXF
files and FBX for the 3D view to other software (Eastman et al., 2011).

By using the Revit program, designers have the advantage of digital tools that
work through both quantitative and qualitative probieniving processes. Foraxple,
Revitcanbaised to solve problems | ike dbdexplore
calculations necessary for comprehensive fabrication and the management of the
manufacturing and construction processes®o
designers adopted Riewecause BIM technology makes drawing more manageable,
which in turn leads to the ability to focus more on design (Stine & Hansen, 2018). Stine

13
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and Hansen (2018) reported that Revitdés pr
repetitve and mundane taskaditionally associated with CAD programs, allowing more
time for design, coordination, and visual:|
Next, the researcher discess o me of the essential featu
features include model elementgVR families, datum elements, viespecific elements,
subcategories, views, schedules, sheets, parametric building model, bidirectional
associativity, design optionnd mass elements (Asojo, 2012; Stine & Hansen, 2018).
2.1.4.1 Model elementre the argitecture and interior design elements used in
the building proces®.g., ceiling, wall, floor, windows, doors, furniture ($égure 2).

These model elements are re¢el to as Revit Families (Stine, & Hansen, 801

Host Elements
Rooff Wall & Floor

Model

Elements
Windows & Doors;
require a host

Model Elements
Stair & Washer/ Dryer; do
not require a host

Figure 2. Model Elements in Revit. From Interior design using Autodesk
Revit® 2016 (p1-5), by Stine and Hansen, 2018, SDC Publications.

2.1.4.2 Revit familieare modeklements that could be either models or
annotation categories. Revit has three kinds of families: system, standardpéacein

14
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System families are basic design elements such as walls, floors, and ceilings, which come
with the Revit softwareonce it isinstalled on the computer. Standard families are the
secondary design elements, such as furniture and lightingahlaé found in external
resources. For example, furniture companies and manufacturers provide standard families
in the Reuvit fikes that ca be downloaded and used in design projectpldne families

are custom objects, such as custom furniture dteahade for a specific project (Asojo,

2012; Demchak et al., 2009; Eastman et2al11).

2.1.4.3 Datum elemendefine the locatio of modelelements such as grids,
levels, and reference planes. Grids are the vertical and horizontal lines in the plan view to
draw columns, beams, and walls (fegure 3). Levels define vertical relationships (e.g.,
furniture, doors, and windows placed level3 (seeFigure 4). Reference plans are
horizontal or vertical lines that define specific design elements and their location on a 3D
model. For example, students might draw a reference plan on a wall in order to place a

TV (Stine, & Hansen, 201%¥seeFigure4).

15



EXPLORING BIM AND THE DESIGN PROCESS IN INTERIOR DESIGN PEDAG®G

oo e e I E S ]
fro - » “JL‘.;; -
ok e :
ety Ea -
'l > =X - \
e Grids
| ! ;
4
i
| i
| ! \_ Reference
i = Ll ) Planc
- . =
= |
o i el
n Levels
=
Tl

Level 1 y

_ _ Figure 4. Levels and Reference Plane are
Figure 3. Grids are datum elements  datum element&rom Interior design using
From Interior design using Autodesk® Revit® 2016 (f-6), by Stine and

Autodesk® Revit® 2016 (f-7), by Hansen, 2018, SDC Publications.
Stine and Hansen, 2018, SDC

Publications.

2.1.4.4 Viewspecific elementare used to add sophisticated details that enhance

communications, construction, and presentations to clients.-sfievific elements

Grids

Dimensions

|
4 FILESI STORAGE \
C@] |

Text

ene i
Tags Symbol Filled
(Door & Room) (North Arrow) Region

Figure 5. View-Specific Elements contain annotation elements
details. From Interior desigusing Autodesk® Revit® 2016 (p7),
by Stine and Hansen, 2018, SDC Publications.
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contain annotation elements and details (e.g., dimensions, symbols, tags, and text) that fill
regions and detail lines (s€gureb). Detail linesi s a t ool usleestot o dr aw
provide additional information to the model gesiny in detail views and drafting views

(Autodesk 2017, p.1).

2.1.4.5 Subcategorigelp to control the specific assigned materials in the model.
For example, in ahair model, students assign the chair legs to one subcategory (e.qg.,
wood material), seeng partsto anothefe.g., upholstery fabric) (Asojo 2012; Autodesk
Revit, 2015).

2.1.4.6 Views, schedules, and she&gudents can display and develop their design
by using one of three features in Revit: views, schedules, and sheets. Views help to
display the project in plans, elevations, sections, 3D, and camera. Schedules display the
integrated model s6 information (@progect), t he
with specifcs, details, and data, including height, width, and materialetShelp
students display their designs for final presentations (Stine & Hansen, 2018).

2.1.4.7 Visual styleallow students to view their drawings in different gramtyles
to explore problems, for example, by choosing one of six views to displaylé&sign.
These views are wireframe, hidden line, shaded, consistent colors, realistic, and ray trace.
The wireframe displays all drawing lines, which help students to explore problems; the
hidden line displays front lines in white and black; the shaded digplays the design
with gray shadows; the consistent color displays the design with material, @vidrhe

realistic and ray trace display the design with realistic mood (Stine & Hansen, 2018).

17
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2.1.4.8 Parametric building moddlas a relationship faare that allows for the
modification of adjacent elements based on changes to other el¢B8tamds& Hansen,
2018) . For example, if the height of the
height attached to the ceiling and beams will also ochémghe new first floor height
(Eastman et al., 2011), i.e., the wall will resize itself@d height of the ceiling is raised.
This parametric model allows for visualization of the design at any time during the design
process with dimensional consistgni all views. Therefore, having parametric objects
in the system reduces the amount of tandnumber oferrors in the design (Eastman et
al., 2011).

2.1.4.9 Bidirectional associativitis an automatic update feature in all views and
schedules (Stine &ansen, 208). For example, in a Revit file of a design project, a
project i s aalladtherDrammygsiveelwsde.gq fhodr plans, elevations,
sections, and perspectives) can be generated from it. If anything (e.g., a door) is deleted
in one view this item will be deleted from all views, including the 3D model (Asojo
2012; Stine & Hanser2018).

2.1.4.10 Design optionis a tool that enhances the design process and pushes it to
the maximum development of the design (Stine & Hansen, 2018). bhiallmvs
explomtionalternatives in a design project. Students can use it to develop mliffiex
plans and furniture layouts. It also provides the possibility to do design alternatives that
could solve the design problem (Autodesk Revit, 2018).

2.1.411 Mass elementarefor designng complex forms(e.g., tilted or curved

walls) andarelocaed in the massing and site t@ltine & Hansen, 2018¥ee Figure 6
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Figure 6. On the right, a mass with a sloped si@n the left walls
are applied by face to mass. From: Interior design using Autod
Revit® 2016 (p6-16), by Stine and Hansen, 2018, SDC
Publications.

2.1.5 Revit advantagesRevit has many advantages, including: 1) visual 3D

modeling duing the design process to improve spaces, spatial relationships, and element
relationships (e.qg., floor, wall, drceiling); 2) clash detection, which helps save money
during construction; 3) parametric modeling, which makes updates to any changes in the
design (floor plan, sections, and perspectives) and applies them to the building schedule
as well; 4) the estimatn of project budgets because it quantifies everything used in the
project (e.qg., furniture, finishes, and lightings); and 5) the suppoustdigable design
through the presentation of design option features that allow for an exploration of
different sistainable strategiePR Newswire 2008 Stine & Hansen, 2@). Third-party
companiedaveintroduceimany application®ndbhéaeaworlk, as
including lighting analysis programs and cost estimating (Stine & Hanse8), 201

2.1.6 Revit limitations. One major limitation is that time, effort, and heavy cognitive
load are needed in order to reachaatomatizatiorlevel (Tan et al., 206). For example,

based on the researcher6s observations dur
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design students in sophomore and junior kes&liggle with technical issues using

BIM/Revit during their design projects becaud a lack of familiaty with Revit. This
unfamiliarity with a technology fAcan sl ow
di stinct out c o me43)Inédditom budding amplex ge@r@tlics , p .
forms in Revit is more complicated thiuilding them with otkr applications such as

SketchUp (Park & Lee, 2010). SketchUp is a 3D modeling software to generate quick

and initiative 3D models (Eastman et al., 2011).

2.2BIM and the Design Process Implication in Design Education

This section tscusss definitions d interior design, the design process, and human
factorsin design It also discussaresearch related to interior design and the design
process within the context of using BIM in design education. Three tegadkentified
in the lterature: 1) Studiesxamine the BIM applications in the design curricul@n
Studies compare the use of manual, CAD, and BIM techniques in the design;mndess

3) Studies compare the use of BIM in various phases of the design process.

2.2.1 Interior design and the desigmprocess.The National Council for Interior
Design Qualification (NCIDQ) (2004) defines interior design as creating a creative and
technical solution for an interior environment by following a systematic approach, which
is the interiodesign process. Theit er i or design process #Anfol]l
coordinated methodology, including research, analysis, and integration of knowledge into
the creative processo to enhance the heal't
(NCIDQ, 2004 p. 1). One of the gatical parts of this definition is that design follows a

systematic approach and a process. Furthermore, the design process engages different
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cognitive activities, including design thinking and probleotving. Overall, it is essentia
to remember that dgg thinking reflects a humagentered approach to the solution of
problems because it integrates emotional meaning, funciodgemands, as well as

innovations to creativity (Slotkis, 2017).

2.2.1.1The design process of interior design educati@odsvorth and
Anderson (2015) defined the design proc
operations which, when carefully undertaken by the designer, result in a
thoroughly considered and waltafted @sign solution that meets the needs of the
c |l i e.l1).dDEC,pIDA, CIDA, ASID, and NCIDQ adopted Guerin and
Mar t i n odescr(ptbol dith® )nterior design processvingsix phases:
programming, schematic design (SD), design development (DDyacont

documents, contract administration, and gmstipancy evaluation.
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F‘rogrammingHP Schematic Design (SD)
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Figure 7. The Design Process before using Revit (Guerin & Martin, 2010; Cline, 2014;
Slotkis, 2017).

In the programming phase, students prepare the initial documents and
information to start the design by dgithe following: 1) conduct research to identify and

analyze the clientsd and

usersod6 needs; stu
requirements?) analyze and synthesize space requirements and functions; 3) identify
O0whodéd and O6how mthenspaitel)pevaop prgectwdhedlles;bks
provide writing program of requirements; and 6) provide adjaceratyices(Cline,
2014; Guerin & Maiih, 2010; Slotkis, 2017Adjacency matriceB s how s pac e
relationships and r eq(Gling,2Meph)t s i n a visual
The schematic design phase (SD) is a fAp

(Slotkis, 2017, p96). Students develop design concepts and parti sketches. Parti sketches
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illustrate the basic design concept through forms (Cline, 2014ydition, students use

bubble diagrams to explore, identify, and locate zones of activities (Guerin & Martin,
2010;Slotkis, 2017)A bubble diagranis agroup of labeled circles that illustratgpaces

and functions and their relationship to each otdéing, 2014). Moreover, students

prepare prototypes for the spgadanning configuration (Slotkis, 2017). Then they

prepare the preliminary layouts of floor plan, materials, and fixtures, furniture, and

equipment (FF&E) (Guerin & Matrtin, 2010; Slotkis, 2Q1prepare mood boards, that
contain color scheme with inspiratimn i mag
5); and draw preliminary sections, elevations, and perspectives (Guerin & Martin, 2010)

(see Figure 7).

The design development phase (DD fit he process of takin
its strengths and weaknesses, and resolving any problems to cstrategadesign
solutiono (Dods wor 92h Stéents watlets coromunicate belr 5, p .
design and add more details in the flo@mlscale models, sections, elevations, and
perspectives; finalize color choices, materials, and FF&E; and revidgdingucodes
(Guerin & Martin, 2010; Slotkis, 2017). I n
to obtain appr owia& Maotih, 2010 @32)seediggen’h ( Gu e

In the contract documents phd€®), st udents prepamde a O6wo
which Slotkis defines as fia term often use
wor k to be @9 Thesedravanggcldide title gheet, floor plan, reflected
ceiling plan (RCP), sections, elevations, perspectives, and detailagSktk7). In

addition, they prepare design drawings and documentation for lighting, electrical,
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plumbing, and HVAC (heating, ventilatiomaair conditioning) (Guerin & Martin,
2010).

The contract administration phaA) is done bypractitioners at thefirms and
for real projects by purchasing furniture, finishes, and equipment for installation (Slotkis,
2017). However, in an educatalrsetting, the contract documents phase is considered
the final phase when students prepare their design drawingigeftinal presentation in
front of the instructor, juror, and classmates for the final critique.

Finally, the posbccupancy evaluation (FE) phases also done bypractitioners
doing this phase at their firms aifior real projectslt happens whef t hesigner and
client evaluate the effectiven®sFer of the d
example, a year after finishing the projabe designer has to interview the space users
and take photos of the space to analyze the design solutions aitsThis phase
does not exist in an educational setting.

2.2.2 Human factorsin design

As a humarcentered approach should be refledtethe design thinking in
interior design (Slotkis, 2017), some concepts related to the human faetioisntified
in this study. These concepts are accessibility (compliancdhe@mericans with
Disabiities Act), universal design, ergonomics, amjpometrics, and proxemics
(Dodsworth, & Anderson, 2015; Slotkis, 2017).

First, the Americans with Disabilities Act (ADA) is national legislation that
requires designeto accommodate individuals with disatids and make spaces

accessible for them (Dodswth & Anderson, 2015; Slotkis, 2017). Second, the universal
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design is an approach that incorporates a wide range of users from early childhood to the
elderly in design consideration (Slotkis, 2017). Thirdggonomi ¢cs consi der s
comfortlevel (Sldti s, 2017); it fAis about designing
and how much effort is needed to p®68form a
Other concepts that the researchers identifie@uadyonomics include homeostasis,

territoriality, and wayfinding. Homeostasis is a behavior to seek balance inside the space

and itis related to sensory stimulati@n the lack of homeostasis affects the comfort

level in the space (Slotkis, 2017). Terrigdity theory is a human need based on creating
boundaries to fulfill the need of being safe; it indicates the need feidseliity and

freedom of choice (Sack, 198@he Society for Experiential Graphic DesiBEGD

d€f i ned wayfinding as Ainformation systems
environment and enhance their uSEGR20% andi n
p.1). Fourth, anthropometséd s fit h e snt ubdoyd yo fmehausnuar e ment s o0 |
2017, p.26). Finally, proxemicsefers tothe distance zones between individuals, which

are divided into four zones: intimate, personal, social, and public distance (Hall et al

1968).

2.2.3BIM implication in design education.

Design education covers a broad range of fields, including architecture,
engineering and construction (AE@nd interior design. Multiple studiesediscussed
to understand the extent to which scholars have discussed the implications of using BIM
in design education. Three treratgidentified in the literature: Studies exanuitbe

BIM application in the design curriculum (Berwald, 2008; Asojo, 2012; Roali et
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2016). Studies compared the use of manual, CAD, and BIM techniques in the design
process (Zuo and MaloneBeach, 20ZQp et al., 2010; Gibson, 2007; Park and Lee,

2010). Studies compared the use of BiIMongthe various phases of the design process
(Denzer and Hedges, 2008; Leicht and Messner, 2007; Hedges and Denzer, 2007; Gerber

and Ln, 2014; Orthel and Day, 2016).

2.2.4.1BIM application in design curriculum.

Berwald (2008) discussed the transitiwhenthe architecture department at Montana
StateUniversityintegraedthe use of BIM in the design studios. The author observed
studentghroughout thi entire university experien@sarchitecture maja The students
had the freedom to choose between any design strategies: hand, CAD, or BIM. Berwald
comparedhe experiencef studentaising BIM and students who used CAD. Over time,
thenumbers of students using BIM increased due to its advaaégaving time and
effort and providing precise daylight analysis. Findings identifiatBIM advantage
included the capability to analyze daylight, calculate project cost, and study spatial
relationshig. Berwald noticed that BIM provides different approaches to learn
architectural design. In addition, using BIM facilitates visualization in conflict tetec
and construction sequeneen the other hand, the author argued that using Rewefrsn
creativity because students have limited ability to create objects from s&atatald
(2008) concludetty encouragng the architecture curriculuno changéasd on the
trangormation thaoccurredas a result of the transition to Reviti t dnged thec h

mechanics of the probessBenahl|l désanghugdyoce
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understanding of the use of BldHifferent from using CAD; as a result, the influence of

BIM in the design process should be examined.

Aso0jo (2012) discussedemamifications of introducindIM into the interior design
curriculum. The research consists of two case studies examinitegathang curve
needed to engage fully with BIM in undergraduate courses. The first case studied the
process of teaching Revit ancomputer applications course, and the second case was a
studio design course for sophomores in the interior design majmdén to evaluate
learning, the author engaged a pedagogical framework infdosngee Adaptive Control
of ThoughtRational (ACTFR) learning theorydeveloped by Andersqii995). The ACT
R evaluatethree learning skills: cognitive, associative, antbnatization In the first
stage, cognitive, the student learns facts and basic knowledge. In the second stage,
associative, the stient practices the skills and basic knowledge learned. In the final
stage automatizationthe practiced skills become autonth{&nderson1995; Asojo,

2012).

Asojo (2012) applied the first two stages of ARTtheory (cognitive and associative)
in the first case. The goal was for students to learn a fair amount in Revit; the emphasis of
the curriculum was to develop as mawftware skills as possible through constant
practice. The third stagaytomatizatiohwas applied in the second case in orderltwal
more students the opportunity to practice Revit until they reached a certain level of
proficiency in their design props. The findings revealed that the students showed
independent progress in their skills and that Revit facilitated this develophsei.

(2012) concluded that ACGR is an effective learning theory and pedagogical approach to
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facilitating student comprehn s i on o f B kbnstrédcsan yndeéstmndiagoll d y

the appropriate sample that provides reliable results in this study.

Rodi and colleagues (2016) applied BIM to the architectural design curriculum and
measured student s Gs elfestweneshahd other progeams suah ass o f
AutoCAD and SketchUp via a survey completed by 30 architecture students. The survey
useda 5point Likert scale (1 = strongly disagree, 5 = strongly agree) and examined
student sé per cept iBIMsimplicity,tefhancirigcreativiywi ng ar e a
rendering quality, constructional information, and usage in a design studio. Descriptive
staistical analysis was used to compare the results. The findings indicated that students
perceived BIM as a timesaver and aseful tool for efficiently producing 2D drawings
and details. The students also perceived that it was crititevieknowledge oBIM and
similar tools in order to succeed in the couard reported uncertainty about the ability
of these tools to enhamctheir creativity. Nevertheless, the study reports an overall

positive attitude toward BIM and advocates for its usage in the ectimié curriculum.

2.2.42 The use of manuglCAD, and BIM techniques in the design process

Zuo and Mal on eulediddd 80ssophoPnOrd iBterior design
students equally intogroupso ne t hat wused a fully Aby hand
hybrid (by hand and digital media using CAD) technique. They asked them to design
residential units. The researchers compé#nedlifferences between the two groups in the
learning experience, workload, and outcomes for the students, and the studerdstfilled

a survey that assessed the used techniques in the workload. In addition, three juror
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members evaluated the final stutlem 6 0 ut c alfEost Likest scaley(1= very

low, 10= very high). The evaluated variabilesludedcomplexity, functionality,

requirements, solar orientaticand2D and 3D drawings. The findings revealed that

students who used the hybt&thnique ranked higher on student learning and design
thinking than students who used the hand t
study created an understanding that the hybrid method is better than the hand method;
however, the study did not esider the use of BIM in the design procédse authors

recommend further research in this area.

A

Zuo et al . o6s (20109 sophoradreiinteaot desiga students e s t
explores the use @AD application (Autodesk VIZ) to simulate a rdidé setting for
advanced analysis and exploration in design. The authors asked students to design a
residential unit using CAD with the followingquirements: exterior, interior space
planning, and landscap€he CADwas used to study spatial relationshipews,
daylight, and final rendering. Zuo et £010) used four methods to collect data and
compare digital and nedigital media: (1) an olesvation of the design process; (2) a
guestionnaire after the final presentation; (3) an informal interviewesdtgr desk
critique; and (4) juror evalwuation of stud
Most students worked easily with botlpé&g of media to design their project; S)dents
visualized problems and weaknesses more quickly in the digadél; (3)Both digital
and nordigital tools were used to develop the design ideasit{é)daylight simulation
advantages helped studentsida building exteriors, identify the appropriate proportion
of windows, and find suitable solutions for the shapd building orientation and solar
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shading. As a result, the authors conctiideat usingCAD positively affected the
st udent s 6 cdurke learkingrowcoraes. dn addition, digital models enhanced
student sé under st an doiofrthge building andh envirenment by a | rel

raising students6é awareness of sustainabl e

Gibson (2007) conducted/o case studies, including interior design students
(n=19,n = 14), to develop a design thinking technique byiun g o6 what i f 6 sce
digital tools (such as Revit) to create multiple options for proposing a new form.
Gi bsonb6s studygashe whgithelr usols i n fAwhat
design thinking beyond the traditional methods for genegatieas (e.g., generating
ideas using hand sketching). Students were given the task of producing a new idea based
on a habitawhaboncéptsaoasennangi 6s. After gener
students reviewed the resulting images to produdefthal idea. After the activity was
complete, the students were interviewed (Gibson, 2007). Findings revealed that
participants reported thats i ng O6what i f 6 scenari os made t
not previously considefédmeshogdesafifegtshahn
level of the participants. Gibson reported that not all particigeariefitedirom this
method, however, thtechnique is designed to help participants who have trouble
brainstorming and generating ideas. Gibson (200Mac | udes t hat t he O6wh
a technique that fosters studentsd creatiyv
generates alternaetv f or ms f or design. The findings of
fundamental understanding of how digital tools balp in design exploration by using
owhat i fd& scenari os.
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Park and Leeds ( 2010vearchiteetdreistudents, ve case
exploresproductivity, design outcomes, design development, and different design
strategies, in the adoption of BIM duriegrly and late stages in the design process.
Students in the study designed a residential-higghcondominium using both manual
and digitalmodeling methods; however, final presentations required a BIM file. The
authors describe the different design imoels used during the design process: (1) manual
modeling applied to the conceptual phase via hand sketching; (2) geometric modeling to
exploreenvironments and play with forms and shapes in the schematic and
developmental phase via AutoCAD; and (3) Buitdinformation Modeling (BIM) to
draw designs in 2D and 3D using Revit. Throughout the study, students had the freedom
to choose between varioapplications in order to develop their design based on their
skills and how they would communicate it.

Park and_ee (2010) analyzed data, student outcomes, mentor evaluations, and
design process description papers. Park and Lee (2010) noted that shenstofiénts
reported integrating BIM in the early phase of the design process, while others integrated
it at theend. Findings revealed that the students who used AutoCAD for most of the
design process had a difficult time communicating, modifying, dewreppnd exploring
their projects. In addition, the students who used AutoCAD spent more time than others
working on their projects, only to achieve a lauality final design solution for their
final project. However, the studgdindthat students who iagrated BIM in the early
phase of the design process reported high satisfaction with their productivity, design

out c o mes, and design development. The findi
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demonstrated that not all digital tools affect the design thirdthdesign process in the

same way.

2.2.43 The use of BIM in various phases of the design process.

Denzer andHedges (2008) surveyed different levels of architecture students for six

semesters to explore the challenges and opportunities of using RidMigational

settings. Denzer and Hedges (2008) discussed that having an advanced skill in BIM

facilitates conceptal devel opment; however, having in
hi nder student | e a4).Thenpancluded titerabiltytotest hel p o
design alternatives using BIM improves the design prodéss; reported that BIM

Amaxi mi ze[s] efficiency through all) phases

Leicht and Messnerodos (2007) casu@astrystudy
examines the differences between BIM and CAD in the schematic design (SD) phase.
The cas studied was the Dickinson School of Law (DSL) building at Penn State
University (PSU)in Pennsylvania. The research question sought to understand the
differences in building geometry, building information, building analysis, and simulations
made in CAD ad BIM during the SD phase. They assessed the differences between
CAD and BIM by using th&SU(client) requirements. Then, they interviewed three
employees thaworked on the project in order to understand perceptions of the difference
between the two pjects. The interviewees noted that structural, lighting, and air system
analyses were done via BIM, not CAD. The study foundukaigBIM supported the

incorpomtion of avariety of information components into the early stage of the project,
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which boostd the ability to visualize and evaluate information during the SD phase.
Second, the study found that participants spent more time using BIM than CAD for
design lecause BIM was more effective for identifying conflicts in the design. The time
that BIM savedtould then be used to address and fix the design conflicts, which led to a
stronger overall outcome. Leicht and Messner (2007) concluded that the amount of time
spent using BIM depends on the complexity of the project and its requirements. While a
large anount of information and details incorporated into the early stage are time
consuming, they result in overall boosts to efficiency in the later stages of tlesgroc
Leicht and Messner 6s st thaduging@idMmnbuencgsthed an un
archtecture design process by saving time and datgcbnflicts,as well as improving

the ability to visualize and evaluate the building information. Thdisrthier justifies the

stated purpose afie currentsstud/d to fill the gap identified in interior d@gn education.

Hedges and Denzerds (2007) qualitative
explores the use of BIM to visualize energy performance in stuibegryrs. Hedges
and Denzer (2007) <collected dat aalifghr ough o
st udent s 6antlintenveews. Thefindings,showed that students constructed
intell ectual behavior (Bl ooméisntdolawonomy) u
evaluate the design decisions. The 3D modeling helped students to understamdshe
space, and building orientation through lighting analysis. Students reported that using
BIM enhanced the design processfagilitating selecton and assebty of the materials

in the early stage.
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Gerber and Lin (2014) conducted an experimentalystu@xplore the impact of
using BIM on the design decision making in the early stage of the architecture design
process. Gerber and Lin (2014) collected datenf&Y architecture and building science
students working in an experimental setting with amigesign scenario. They collected
the speed of the design analysis and amount of the design alternatives as quaatithtive
the quality of the design solutios gualitative data. The results showed that using BIM
enabled the participants to produce miesign iterations to generate alternative designs.
Gerber and Lin (2014) discussed that increasing the quantity of design alternatives
increagsthe qualityofhe f i nal design decision. Gerber
understanding that studying tbesign process clolsewould allow building a new

paradigm in the design process by using BIM.

Orthel and Daydés (2016) quarldesignati ve cas
studentsexplotets t udent sé design thinking process i
design phases. They collected hand sketches, digital design progress, and written design
process journals. The results revealed: 1) The hybrid design methoddesaitong
design outcoms; 2) Hand media and digital medigereimportantin developng design
ideas 3) The most importardutcome wasleepand thorougldesign thinking, not hidi

appealingvisual sketches.

2.3 TheConstructivist Learning Theory and the Zone of Proximal Develpment
(ZPD) Theory
This section discusséwo theoriestheconstructivist learning theory and the

zone of proximal development theory. The constructivist learning theoonsidered, in
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this studya macrelevel theory whiclcovers a wide range of agand the ZPD theory
is considered a micktevel theory thafocuseson a specific area (Friedman, 200Bhe
constructivist theorys introduced first in order tonderstand the ZPD theory that
discussed ilfChapters. In thissection, the constructisti learning theory definition, its
strengths and weaknesses, the ZPD theory, and the ZPD framework and theoretical

assumptiongrediscussed.

2.3.1Constructivist learning theory.

Constructivist learning theory is a studeenteedapproach based on thelief
that immersonin experiential learning is the best approach for facilitating self
constructed knowledge (David, 2015; Hein, 1991; Hokanson, 2000; Mergel, 1998;
Pelech, 2010)Constructivist learning theory appears in dtere from a wide variety of
fields, including education, adult education, technology and communication, design
education, and social and behavioral sciences.

Constructivism is associated with Piaget (19879 Vygotsky (1978although
other theorists anscholars have developed its approaches and views over time. Piaget
believed that learning happens when a child experientiesjuiry (Gash, 2014;

McLeod, 2015; Taber, 2011), and Vygotsky believed that ilegimappens in the context
of the social environent (Taber, 2011).

2.3.2The theoretical assumptionsand principles of constructivist theory.

2.3.2.1 Learnercentered teaching_earnercentered teaching is one of the
constructivist theoryprinciples that focusson the level of teacher guidance. When

teachers construct a prompt, they should consider the learners and learning materials, and
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determine the learning activities. Leartentered teaching assumptions thig 1) the
teacher hatconsider who the learnemsein order to determine whéte material

should be based pand thaR) the teacher should prepare high structured guidaree or
prompt that provides more exploratory activities (Taber, 2011).

2. 3. 2.2 St ud esentaidnsThenconstruciea knowledge is based
onpersonalmer pretation, studentsd background, ¢
mind growsasmultiple perspectiveare sharetbetween students, students and their
instructors, and students and digttadls such as BIM. This collaboration will develop
andchanget udent sé6 i nternal representations ( Mg

2.3.2.3 Operended learning experiencé.he constructed knowledge is gained
by an operended learning experienand this knowldge varieamong individual
students (Mergel, 1998).

2.3.2.4 Dscovery learningAccording to Taber (2001), discovery learning is
whenstudents are provided with the tools needed in order to make discoveries. Discovery
learning encourageaseativity by allowingstudents to discover patterns that lead to many
solutions as opposed to learning that provides one pathway to one specific solution
(Taber, 2011). Taber (2011) emphasizes that instructors must find a balance between
these two centtdeatures of constructivist learning)) Learning occurérom the
interaction letween the internal thoughts and external experj@)@udents will gain a
better understanding of the world by letting them discover with minimal external

guidance (p57).
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2.3.3The strength and weaknesses of constructivism and constructivist
theory.
The primary strength of constructivism liesithpedagogywhichvalues problem
solving. Without attention to how students might apply their knowledge to different
situatiors inside and outside the classroom, it is difficult to achieve the goals and
objectives of the constructivist learning the@&ergel 1998) One of the primary
weaknesses or critiques of constructivist learning theory is that it is difficult to assess
syt emati c processes in which there ,ts one 0
would be difficult to argue that constructivist approaches to learning would be useful for
filing federal income taxes as there are strict rules and regulations guidiviglirals
toward one firightoo way of ¢ o maghers,Mergeg t hei r

(1998) argues that constructivism will cause problems for the individual if the task is not

done correcthfMergel (1998)

2.3.4 TheZone of Proximal Developmen (ZPD) theory.

Vygotsky (1978) introduced the model of concept developmerat Wgotsky
termed the Zone of Proximal Development (ZPD) (Taber, 2011). The ZPD theory
appears in literature from a wide variety of fields, including education, adult edycatio

second language learning, technology, and communication (Chaiklin, 200&PThe

theory iIis Athe distance between the actual
problems ol vi ng under adult guidance or in coll
(Vygotsky,1978, as cited in Kuusisaari, 20144p7 ) . The ZPD s tdast es, A\
able to do in collaboration today, he[/ she
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(Chaiklin, 2003, p40). The ZPD does not refer to particular classroom tasks or
homewor k problems. The ZPD is fAthe @domain o
chil do (Vygotsky, &SHeldd2008am5).ci ted in Gredl
GredlerandShields (2008) discussed intheirbowky got skydés | egacy:
foundation foresearch and practicehatthe purpose of using the ZPD theory in
educational research is tewklop insight, reflective practice, and student outcomes.
Thus, the ZPDs used in this study tprovide a theoretical badisr understanding
st ude ntgekperierced merZiPDntheory also guided the analysis by providing a
framework(Bae et al., 209).
Variousconceptdrom Wertsch(1984), Shabani et a[2010, andGredler &
Shields(2008 that arerelevant to the ZP[@nd ttat areused in tis studyare
demonstratedh Figure8. The conceptsareintersubjectivity internalization process,
mediation signs,higher cognitive processasd situation definition (Wertsch, 1984
Shabani et al., 201@Gredler & Shields, 2008The researcher organgz#emunder
three headingshe constructed knowledge, the higher cognitive processes, and the

meaning of he task
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The implications of the ZPD theory and its concepts

The constructed The higher cognitive .
— g g The meaning of the task
knowledge processes
to identify students
who do not
understand task
Intersubjectivity/ categorical perception, requirements
Internalization process conceptual thinking, and
logical memory. The situation definition
externalizing the 1 l
internal cognitive I The The
process . .
representation representation
Found in different of objects of action
Mediation -> by emerged themes patterns
using Revit l ‘
<
Students developed = 1T 522 55tk The description
X . 9 of the )
their projects by S gesign of the design
modeling them in g e SAIE BICEESS
Revit final
deliverable

Figure 8. The implications of the ZPD's concepts in the s{\dgrtsch, 1984; Shabani et
al., 201Q Gredler & Shields, 2008

Shabani et al. (2010) defined intersubject
perspectre between an expert and a learnerina prolslemnl vi ng238asko (p.
Intersubjectivity is criticato the internalization process. The internafian process is

when students become dependent on themselves in constructing their knowledge

(Shabani et al 2010).Communication requires some form of mediation, such language

. e. ., AVygot skyds account o fl3):8ignds aatrie nii ebwe r
conditioned stimulus, artificially created by humans, that functions as a means of

masteringb havi or 0 ( Vy g o tGseklgr & Shie@Q 200%. 228)in¢hid b y
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study, the researcher considers Rasibsign, and students developtbeir projects by
modelingthemin Revit, which led to creating a higher cognitive process.

Gredler and Slkids (2008) identified that the ZPD theory can be assessed by
externalizing the internal cognitive process (internalization). Hickey et al. (260&)ted
that internalization occurs when students interact with cultural signs such as people,
books, computrs, and classrooms. In addition, Gredler and Shields (2008) reported that
using cultural signs (such as Revit) develops a higher cognitive pratese higher
cognitive processes are identified by Vygotsky as categorical perception, conceptual
thinking, and logical memory (Gredler & Shields, 2008he following are the
definitions of tkese cognitive processem Vygotsky'segacy:A foundation for
research and practicéGredler & Shields, 2008).

9 Categorical perception is the ability to synthesis deglgas that result in
reflected ideas through forms and objeelations(Gredler & Shields,
2008).

1 Conceptual thinking is when students explooncepts (ideas) in various
ways, compare and conttdkese concepts, analyze concepts
relationships, and &n coordinate these relatiofredler & Shields,
2008).

1 Logical memoryis when students reflect the selected design concepts
(ideas) on design analysis, and materials, and connect complex

relationshps among events and obje@®& edler& Shields, 2008).
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The researcher usthese higher cognitive processes to assess the ZPD zone in
the design process while using BRevit, asdiscussed in Chapter 5. In this study, the
internal cognitive processasexternalized by conducting a series of interviellgs
externalization of tk cognitive process provided information about the meaning of the
situation (Gredler & Shields, 200&ccording toWertsch (1984) the situatiosathe
setting defined by teacltema nd st udents who fAar e8).mphsr at i ng
study, thesituationis the interior design process while using Revit.

Wertsch (1984) argued that to understand the situation, two issues must be
identified: Athe representation of objects
operatingont h o s e o0.4]).glwus, .1 &haptgr 4, the representation of objscts
illustratedin the final deliverable and the photos of the design process. The representation
of action patternss illustratedin the description of the design process. Thus situation
definition (i.e.,the meaning of the takls identified Indeed, the ZPD theory facilitate

data analysis and organization in Chaptegredler and Shields (2008) reported that

providing information aboutermindtee meamiaghi ng of
the task for the | earner and identify thos
45).
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2.3.5The ZPD framework.

Zone of actual development:

Current skills, knowledge and understanding
Teachingtargeted here does not bring about
further learning

/

Zone of no development:
Beyond capability; loss of readiness to
learn and motivation (Chaiklin, 2003)

Zone of proximal development:

Beyond capabilityunaided, but possible with
support

Teaching targeted here can bring about further
learning

The Zone of Proximal development (Vygotsky, 1978, cited by Taber, 2011,p.51)

Figure9. The Zone of Proxi mal devel opment (
aseducational theory: Contingency in |e
Taber (2011). Educational theory. pil.

Vygo
ar ni
Figure9, the ZPD model, illustrates the relationship between zones of knowledge.

These zones are actual development, proximal deweot, and no development. The

zone of actual development represents the knowledge and skills that the teacher has
targeted to be gained. The zone of proximal development is the knowledge that could be
gained with support and is the kind of knowledge tbdteyond the learning objectives
targeted by the teacher. Finally, the zone of no development represents when there has
been no gain of knowledge becaa$¢he loss of radiness to learn and motivation

(Chaiklin, 2003; Taber, 2011).
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2.3.6The ZPD assumptons

Three levels of ZPD assumptioase identifiedas follows: generality assumption,
assistance assumption, and potential assumption. Generality assumption is the ability to
learn all subjects. Assistance assumpiti@andearning occurs by teacher helhe
potential assumption is the learner's potential aadimess to learn without loss of
motivation (Chaiklin, 2003). Thus, without learner potential, there is no learning, as
Taber (2011) identified in the third zone (the zone of no development).

Theconstructivist theory shitthe viewpoint of using the computer as a tool that
delivers a final product to a method that is used for exploration and manipulation
(Hokanson, 2000). As a result, Hokanson (200@icakesthat based on the theoretical
construtivist perspective, comperts and media enhance cognitive abilities and
consequently learning. The constructivist thesmyell suited for this study because the
use of technology (BIMis considered a constructivist method that helps students to
exploreand manipulate their desigin addition, the ZPD theoig used in this study
because it providea theoreticalbasisor under st anding studentso
and how it occursThishelpsto understand the influence of BIM/Revit in the design

process.

2.4 Chapter2 Summary
This chapterconsistof three major sections. The first section, 2.1 Building
Information Modeling (BIM), outlineBI Mé6s definiti on, history,

Revitbds advantages and | imitations.
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The second section, 2BIM and the design processplication in design
education, discussénterior design and design process definitions. It also disstisse
human factors in design and concept definitions, including the Americans with
Disabilities Act (ADA), universal degn, ergonomics, anthropomies, and proxemics.
This section also discussesearch related to interior design and the design process
within the context of using BIM in design education. Three tremeglentified in the
literature 1) Studies examineche BIM application in thea&bkign curriculum (Berwald,
2008; Asojo, 2012; Rosli et al., 201@&); Studies compared the use of manual, CAD, and
BIM techniques in the design process (Zuo and MaloneBeach, 20&@&t al., 2010;
Gibson, 2007; Park and Lee, 2)13) Studies compared these of BIM during the
various phases of the design process (Denzer and Hedges, 2008; Leicht and Messner,

2007; Hedges and Denzer, 2007; Gerber and Lin, 2014; Orthel and Day, 2016).

Berwal dbés ( 20 Gsa@8nundsrstandpyhatcthe uses df BIM is t
different from CAD; as a result, the influence of BiMthe design process should be
exami ned. Asoj o6 ssafuh@elstandingsot BIMIRevitinantersot r u c t
design education. Rosli et al. (2016) repo@@ overall psitive attitude toward BIM and
advocates for its usage in the architecture curriculum. Zuo and MaloneBeach (2010)
reported that the hybrid method is better than the hand method. Zuo et al. (2010)
discussed that using CAD transfers the depigicess to aew approach, which consists
of an evaluation of building performance during the design process, not only after the
design process. Gi b safandanentabufdergtandirgg bfin@vy c on s

digital tools can help in design explotatn by bat ngf 6wscenari os. P
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(2010) described that not all digital tools would affect design thinking and the design
process in the same way. Denzer and Hedges
efficiency thr oudgph7).bkeichta rpch aMeesss mdr adse s(i X7 )
developed an understanding that using BIM influences the architecture design process by
saving time and detang conflicts,as well as improvinghe ability to visualize and

evaluate the building information. Thusfutther ustifies the stated purpose tife

currentstudyd to fill the gap identified in interior design educatidtedges and Denzer

(2007) found that students reported that using Bhhanced the design process by

facilitating selection and assembly of materialsit he early stage. Gerb
(2014) study developed an understanding that studying the design process closely would
allow building a new paradigm in the design predeg using BIM. Orthel and Day

(2016) found that the hybrid design method resulis $trong design outcome.

The third section, 2.3 Constructivist Learning theory and the Zone of Proximal
Development (ZPD) theorgonsidersising BIM as a constructivishethod that help
students to explore and manipulate thieisign In addition TheZPD theory providea
theoreticalbasif or under standing students6é | earni ng¢

the influence of BIM in the design process.
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CHAPTER 3: METHODOLOGY

The purpose of this studyto explore the influence of using BIM/Revnt the
schematic design (SD) and the design development (DD) phases of the design process in
the interior design studio class. The primary research questionv does BIMinfluence
the design process in the interior design studie® tio subquestionsarel) How does
BIM influence the schematic design phase (SD) of the design process in the interior
design studio? Zjlow does BIM influence the design development phase @fhe

design process in the interior design studio?

To answer the research gtiess, a qualitative case study approechsed. This
chapter presesathe study methods with an outlined study design, the framework of the
research design, research sample, natural setting, data collection methods, ethical

considerationsanddata analgis procedures

3.1Study Design

3.1.1Constructivism paradigm in qualitative case studymethodology.

The constructivist theory (Denzin & Lincoln, 2008asselected as agssential
paradigm fothe methodologyof this study Creswell (2014) explained ththe
constructivist paradigm consistsiofmme r s i ng i npeneecesmhdelissrvingi f e e
individual s6 behavior in their real settin
phenomenonin this studythe knowledgeés constructed betweendlresearcher and the
students from discovery and verification witlireatlife setting that helped to answer

the research questions (Creswell, 2014; De&zimncoln, 2003).
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According to Yin (2014), a case study can be used to investigatedepth
phenomenon Awiotr hidn ciole}irethistsaidy,ttepase study
approachs used to study the influence of BIRevitin the design processhe data
collectionconsisted oftlirect observationgjocumentatiorf the design process, and

interviews.

3.2 TheFramework of the Study Design

. . ) Collect Conclude

- Design process (Guerin & Martin, -
2010; Cline, 2014; Slotkis, 2017)
l I Comparison
Programming
phase
Q1
Schematic SD's documents, QLa | fourthemes
A T Sl i observation, & interviews emerged in
e Design (SD)  — "/ empedded unit of > sp
single-case h : )
phase
(embedded) analysis 1(¥in, 2014) .
design (vin 2014) | | The new conceptual framework of | Interz;e;atlon
Revit in interior design process conclusion
Interior Design — "
) Design s documents,
Studio VI g observation, & interviews three themes
IDES 4607 Development /embedded unit of :
DD) ph * Qlb emerged in The ZPD
( phase analysis 2 (Yin, 2014) ' DD theory

Contract alternative
documents/Final . )
presentation interpretation

Figure 10. The framework of the study design.

Yin (2014) identified multiple types of case studies; however, the soagle
(embedded) desigs usedin this study In this case, #single case represents the senior
interior design studicand the embedded units of analysis represent the SD and DD
phases of the design processq Figurel0).

FigurelOillustrates the research design starting from a single case that represents

the nterior design studio. This single case stadgtaingwo embedded units of analysis,
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which arethe SD and DD phases. The framework desstie collected data visually.
The SDO6s o0bser v adoduroentationf the desigprooess answelathe d
first subquestion, Q1.a, how does BIM influence the sahtic design phase (SD) of the
design process in the interior design stud
documentatiorf the design process answer the seconegsigistion, Q1.b how does

BIM influence the design development phase (DD) of thegdgsiocess in the interior
design studio? After analyzing themes that emerged from the study, a new conceptual
framework of Revit in the interior design procéssonstructed (see Chapter 5). Tteen
comparisoris conducted between the original design process (Guerin & Martin, 2010;
Cline, 2014; Slotkis, 2017) and the new conceptual framework to answer the main
guestion, Q1, how does BIM influence the design process in the interior design studio?
Then findingsarediscussedfollowed byinterpretation and conclusiofo ensure a high
guality analysis, an alternative interpretatisgonsideredased on the Zone of Proximal
Development (ZPD) theory.

The researcher constrathe study results fromthea r t i @xpgrianges.$nd
addition, in order to understand the emerging themes, a constant comparisonisnethod
used. The constant comparison methmaivescomparing and contrasting themes and
concepts. Then, memaseused for recording relationgtd between thees (Creswell,

2014; Ryan & Bernard, 2000).

3.3Research Sample
The researcher chose research participants from the population of undergraduate

interior design majors at a reseafnkensive public university in the Midwest.
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Homogeneous, pposive samplingesulted in n=5 senior interior design students. The
age of participants ranges between 20 and 26. The selection enatvanced ability

in Revit and attainment of the automatization skill in using Revit (Asojo, 2012). Intensive
obsevation and casstudy interviews, whiclareconstant short interviews, were
conductedasking the students about their experience in the design process while using
Revitin the interior design studio. In addition, supportileument®f the design

processvere collected
3.4 Natural Setting

3.4.1Interior designstudio VII IDES 4607.

The case study was conducted during fall of 2018 in Interior Design Studio
VII-IDES 4607. IDES 4607 isfaurth-year interior design studio course where students
engage in @ative design moblemsolving of interior design projects focusing on
universal design, life safety issues, and adaptive reuse of spaces (The University of
Minnesota, 2015).

Data were collected in the field where subjects experienced the use BR&Ii
in the design process in interior design studio VII IDES 4607 (Creswell, 2014). The
foll owing studio description is from Hicke
studio VII.

The studio last15 weeks and contanhree projects. The studexpecs students

to build on their existing knowledge of human needs, safety, codes, accessibility,

and aesthetics. In addition, the studio projects encewstagents to construct

knowledge in several concepts, including life safety, universal design, and
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adaptive use, while highlighting the exploration of multiple concepts and design
solutions. The studio objectivesedevelopinga sense of placeelatingdesign
decisions with contextjsingcodes and develomg design solutions from
synthesizing thease studies.
IDES 4607 consistof three projects. However, data collection was only done on the
second pr auiseagpéctrumnd Isloed ed ( ASD) vocational
third project <cresfalraatdlesigra(ARRpd ikeyei alr, 20183. e
3.4.1.1 Autism spectrum disorder vocational facility design project (ASDjhe
ASD project, students were asked to design a vocational facility space that educates and
trains people who have been diagnosed with autism spectrumetdi§&8D),
considering therinciples ofuniversaldesign, for ahreeweek long project. The program
contains a reception area, a multipurpose classroom, a crafts area, an apartment, office
spaces, an exercise space, a sensory space, and an outdoorcciditkay. et al.,
2018). The ASD project was done as part of a team project.
3.4.1.2 Adaptive reuseestaurant design project (ARRB). In the ARRD project,
students were asked to design a craft cocktail bar/restaurant in ausixdidstoric
building fora sevenrweek project. Students were requestecaiasiderthree aspects in
their desigr-sustainability, site, and history of the building. The program contains a

lobby, a welcome area, a bar area, a dining area, and a kitchen (Hickey. et al., 2018).

3.5Data Collection Methods
After obtaining the instructor agreement, the researcher attended the senior studio,

IDES 4607 Interior Design Studio VII, fall 2018, every Tuesday and Thursday from
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9:35 a.m. to 12:35 p.ndata collectiorstarted after obtainingph e | RB6s appr ova
was at the beginning of the ASD project. A
explained her dissertation stuttythe studentsThen the researcher asked students to
participate in her study and sign the consent form if thexe willing to participateThe
researcher informed them that participatiaasvoluntary, they ould change their minds
aboutparticipaton anytime, and their decisionould not be held against them. On
October 9, the consent forms were collected frora students who volunteered to
participate in the study. The data collection started in the 6th week of the sefitester.
duration of the ASD project wasoim week six, October-25. Thenthe duration of the
ARRD project wagrom week ningo week fifteenOctober 30 December 13. The
researcher also collected the ravbonsent form
consented to share the design progress binders in the ASD project. The selection criteria
of the studentareadvanced ability in Revit and aittanent of the automatization skill in
using Revit (Anderson, 1995; Asojo, 2012).
3.5.1 Consent form.The researcher explained the study and the collection methods to
each student befotheysignedthe consent formsge AppendiXd). In addition, the
researber gave a request tasks sheet, which informed the students thatdbktde
compensation for picipating in the interviews. The compensatisasthat each student
who participated in the short sequence interviews during the ASD an® ARdgectswould
receive a $25 gift card prizege AppendiB). All five students received the $25 gift card

prize at the end of the semester for their participation.
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The data collection methodsedirect observationglocumentatiorf the design

process, and interwes. Each data collectioapproachs explained irthe following sections

3.5.2 ObservationsAccording to Yin (2014), observational evidence provides
additional information on thehenomena being studieahd it adds a new dimension to
understanding thehenomenonin this study, dect observations focused on observing
student s 6 asigrnprogréess whige svorking aith BIBRevitin the design
studio. The researcher took intensive memos and field dotegyevery session that

help to understanthe studed phenomena. The students were observed on how they

design their projects in the Sind DD phases using BiRevit

3.5.3Documentationof the design procesdn each session, the researcher
photographed thprogressirs t udent s 0 waoasar&organizéd based orptlie
SD and DD phases in ten graphs illustrate@hapter 4. A comarisonis conducted
betweere ach phaseds photos to understand t he
led to understanding the influence of BR&vitin the deign process. In addition, the
researcher collected project binders at the end of each project, avlintotal ten
binders. The project binder is a digital documgherestudents documented their design
progress and final outcomes with atian desaption of the design project. The
researcher coll ected consent forms from ea

share the design progress binders in the ASD project.

3.5.4Interviews. After a general observatiamasconducted in the fat project five

students were selected for the interviews. Short,-sénuctured, facdéo-face, interviews
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were continuously conducted with the selected five students during the ASD aria2l ARR
projects. Each interview lasted betweeh®minutes The reseaher askd the following

openended question® the students each class:

1) Tell meaboutyour design experience during this project?
2) How do you feel when designing this project using Revit?
3) How do you explore design alternatives by using Revit in thigpt®j

4) How do you think using Revit helped you in the schematic design and design
development phases?

Interviews were recorded and transcribed verbatim. The recorded interviews took
place at the university campus. Each week, the students recalled whattdayirg

that week.

3.6 Ethical Considerations

Regarding the IRB standard, ethical procedwesefollowed to ensure that
participantsverewell informed about the purpose of the research. The external
motivationwasoffered in such a manner to allonetmember®f the target population to
feel free to make independent decisimithout fear of negative consequences. The
researcher interviewed the students inside the class in accordance with their ease of
participation. The researcher prepared the irganguestbns accompanied by a laptop
computer for recording. The students signed the consent form, anddhetyeated with

respect in a friendly tone while the researcher remained objective in the questioning.
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3.7 Data Analysis Procedures

Qualitative analysisspecificallythematic interpretation analysis,usedo answer
the research questions. For the analysis procedure, the researcher wentahveugh
phase cycle to analyze the data. Fits¢,data was compiled and organized to m#he
database readyif analysis. Seconthe datawasdisassembled by breaking down
interviews into small pieces and @odthem. Thirdthe datawasreassembled by
rearranging data facilitated by illustrating the data graphically (see Appendix Eh,Fourt
the researcher wretthe interpretations and conclusion (Yin, 2015). In order to
understand the emerging themes, a constant comparison metbosed (Creswell,
2014; Ryan & Bernard, 2000). The observations, including field notes and memos,
documentatin of the design proas, and interviewsyereanalyzed using thematic

interpretations analysis.

3.7.1. Inductive and deductive analysisThe direct observationdpcumentatiorof
the design process, and interviemsreanalyzed by conducting inductivecadeductive
data analygis. First, the inductive process was conducted by reading the database several
times to identify patterns, categories, and themes. Then the deductive process was
conducted by reading the database to identify evidence that supgitetsi, categories,
and themes (Creswel014; Bloomberg and Volpe, 2016). Thus, the researcher
identified the results and developed explanations for these results to answer the research
guestions, as wilbesea in Chapter 5. After that, the explanat®weresupported bythe

collected evidence and literature (Yin, 2014).
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Interpreting the Meaning of Themes/Descriptions

i

Interrelating Themes/Description (e.g., case
study)

I I

Themes Description

Validating the T Y
Accuracy of
the
Information ]‘

Coding the Data (NVivo)

Reading Through All Data

i

Organizing and preparing data for analysis

I

Raw Data (transcripts, fieldnotes, images, etc.)

Figure 11. Thematic Interpretations Analysis. From: Research design: Qualitative,
guantitative, and mixed methodgproach(4th ed.) (p197) by Creswell, 2014,
Thousand Oaks: S2E Publications.

As shown inFigure 11, first, the researcher organizend prepargall collected data
for analysis. NVivo program was used to help in organizing the S8atond, the
researcher read the collected data manually several times to idemigabideas,
themes, patterns, and meanings. Third, the researcher constructed igugesiize data
from observations andocumentatiorf the design process and sort photos under either
SD or DD phase to compare the chesithabccurred in the desng. Data from
interviewswerecoded usingheNVivo program. Then all codegerecategorzed to
identify the themes. After themes and patteveseidentified, descriptions and

explanationsveredeveloped. These identified themes helped to develop, enthea

conceptual framework.
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3.7.2 High-quality analysis. Yin (2014)identified threeprinciples to achieve
high-quality analysis, and the researcher met them in this study as follows: 1) covered all
key research questions and showed all evidence in 8DBArphases, 2) addressed
alternative interpretation using the ZPD the@)addresse significant aspects,
including design methoelxploration (see pade29). As a result, this analysgovidesa

rich description supported by tables and graphics (Cte2044; Yin, 2014).

3.8 Chapter Summary

The approach of this qualitative case sttawlgollect data from a real setting. The
research methodology éxplained comprehensively, starting from study design, the
framework of the study design, research sapmméural setting, data collection methods,
ethical considerations, and data analpsacedures. Regarding study design, shugise
studydesignis used. This case studyIDES 4607 Interior Design Studio VII with two
embedded units of analysis. The tarmbedded units are the SD and DD phases,
analyzed closely to answer the researchtipres The research samddanterior design
students that n=5, and approval from the lR&sobtained to conduct this study.
Regarding the natural setting, the desigrli® class for seniolis considered the field of
the study, where students experietite use of BIVRevitin the design process. The
procedures describe how, where, and whensthidywasconducted. Data collection
methodsaredirect observationglocunentationof the design process, and interviews. In
addition, data analysis procedusgsdiscussed in this section, supported withsaal

figureusi ng Creswell 6s (2014) thematic interpr
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CHAPTER 4: RESULTS

A qualitative case studyas adapted to explore the influence of using BRdvit
in the schematic design (SD) and the design development (DD) phases of the design
process in the interior design studio class. The data collaméiect observations,
documentatiorf the design preess, and interview3 hese datareanalyzed, and th
resultsarepresented in this chapter.

The data collection was done in fall 2018 in an interior design senior sfimo.
direct observation foced on obseration ofthe students while working with BA/Revit
in the design studio and mema&enduring he design proces$hedocumentation
includesp hot ographs of the studentsdé design
design process descriptions collected from the interviews. Finally, the intesiew
analyzed to find the themes and patterns.

In Chapter 3, the researchdiscusgsthe case studythelnterior Design Studio
VII IDES 4607, andwhatand when dataollection happened.he projects thagtudents
were working on during the data collextiarealso identified.IDES 4607 consists of
three projectshowever, data collection was only donetba ASDprojectéutism
spectrumdisorder (ASD) vocational facility desi@gand the third projedadaptive reuse

restaurant desigifARRD) (Hickey,  al., 2018).

The data collection started in the 6th week of the semester after obtaining IRB
approval. From week sito week eightOctober 925 was the duration of the ASD
project, which was three weekstp Then from week nine week fifteen October30-

December 13, was the duration of the ARRD project, which was seven weeks long. On
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October 9, the consent forms were collected from five students who volunteered to
participate in the study. The reseanchiso collected the consent forms freach

paricipant whoconsented to share the design progress binders in the ASD project. The
selection criterimreadvanced ability in Revit and attainment of gutomatizatiorskill

in using Revit Anderson, 1995Aso0jo, 2012).

This chapter outlines four maingec ons, whi ch are as f ol
demographic and background section desstibe demographic information of the
participants and their backgrounds. The observations, documentation, and interview data
section provide irdepth descriptions dhe ASD and the ARRD projects with each
student. Three subsections are discussed regagdaigstudent: the final deliverables,
the photos of the design process, and the description of the design process. Finally, the
interviews section presents the thenaad patterns that emerged from interviews with
participants®é quotes as evidence.

4.1 Participants Demographic and Background

During the first project and while the researcher wasing for IRB approval to
start collecting data, the researcher attertdedDES 4607 class after obtaining the
instructofs consent to observe the readrld setting of the first projechfter observing
the first project, five students were selected basdti@nadvanced skills in Revit and

some degree of automaticity ugiRevit.
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Tablel.The demographic information of the participants

Participants Gender Age Race Major

Student #1 Female 21 White Interior design

Student #2 Female 22 White Interior design

Student #3  Male 22 White Interior desia

Student #4 Female 25 Asian Interior design

Student#5 Female 22 White and Interior design
Asian

4.1.1Participants background.
The researcherdiscesh er e t he studentsoOo experience
all the students worked as internsmoparttime jobs.
Student #1 achieved first place in tHaworthDesign Competition in 2017 as an
interior design sophomore. She had design experience wakiag intern for
Cuningham Group in 2017 and then for LHB Group Interior Design in 2018. Sti#@lent
had design experience working as an intern for Knoll Textiles in-200%/ and then for
Miller DunwiddieArchitecturein 2017 2018. Student #3 had desigrperience working
as an intern for DLR Group in 204Z018. Student #4 had no intern designesignce,
but she had work experience as a party coordinator in 2013. She also worked as a server
for Benihana restaurant in 2013015, and then for Outbackstaurant in 2017. Student
#5 had work experience for 44 North Apartments as a leasing consulgfit7. Student
#5 had design experience working as an intern for BDH & Young in 2018. Students #4
and # 56s teamwor k desi gn,dulépoaject,avonNistr d st r om

place in the PAVE/Global Shop Competition in 2018.
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4.2 Interior DesignStudio VII IDES 4607 Projects
Before the design processdescribed with each studentdepth, general descriptions
about what happened in the ASD and ARRD projamsliscussed.
4.2.1Autism spectrum disorder vocational facility design project ASD).

In the ASD project, the students spent the first weetesearch with the aim to
learn more about autism. In the second week, all students started using Revit to do space
planning and furniture layout. In the third week, students presented their ddatggmso
The space planning program requirememesront entry reception, a staff lounge, a
uni sex restroom for clients, a directoros
bathroom, a flexible use room, a sensory integration space, an apadmevdte space,

a training /demonstration kitchen, anchalti-purpose training roorfsee Figure 2).

Week 1 Week 2 Week 3
uProgramming uSD phase oDD phase
oFinal
presentation

Figure 12. The design processokover 3week forthe ASD project.

4.2.2 Adaptive reuser estaurantdesignproject (ARRD).

The ARRD project is aevenweek long project. The students spent the first week
on research with the aim to learn more about hospitality and restaurant design. In the
second week, the students visited the location and took some photos to understand the
realdimensions of the spaemd the existing condition of the space. In the third and
fourth weeks, the students worked on the SD phase. Their space planning included a
lobby, a lounge area, a dining area, a bar area, and a private dining area. In theekfth w

the students presett their SD work, and based on the feedback, they developed their
60



EXPLORING BIM AND THE DESIGN PROCESS IN INTERIOR DESIGN PEDAG®G

design in the DD phase in the sixth week. The students presented their final design in the

last week of the semester (see Figuge 1

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7
uProgra uProgra oSD oSD oDD oDD oFinal
mming mming phase phase phase phase presen

tation

Figure 13. The design procedssokover ~week forthe ARRD project.

Figures 13 and 14 describe each project in general. Subsequently, the researcher

discusses in detail what happened with each student during the ASD and ARRD projects.

4.3 Observations Documents, and I nterview Data

To answer the research questadmow BIM influences the schematic design
phase (SD) and the design development phase (DD) of the design process in the interior
design studipthe researcher collected data fréwe studentghroughthe ASD and
ARRD projects. Ths dataprovidesin-depth descriptions of the design process. These in
depth descriptionaredeveloped from three different resourcesthke notegrom
observing the student8) the design process description from théeseuf interviews,
and 3) the photosf the design proces$he datadescrilesin detail, what happened in
the SD and DD phases, with each student during the ASD and ARRD projects.

This discussiofis divided nto three subsections to understand what haggpen
the SD and DD phased the design process with each studéri:1 the description of

the design process, 4.3.2 the photos of the design process, and 4.3.3 the final deliverables
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4.3.1 The descriptioaf the design process subsecti@mmonstratethe design
process of each student for the assigned project using Revit. In addition, the researcher
illustratesin figureswhat she observed during the design process when students drew by
hand and when theysad Revit tools during SD and DD phaséthedesign process.
4.3.2 The photos in the design process subsedéoronstratewhat happened in the
follow up to the SD and DD phases. The phatefollowed by keynotes. 4.3.3 The final
deliverables subseom displagf i gur es of e acigndexisiamdithat 6s f i n
brief description of each project to give a general idea of what students delivered at the

end of the design project.

4.31 The description of the design process.

Student A.

The ASDproject. n t he fir st we e kesearshttodedrea abbut # 106 s
autism and developed their concepts. After selecting ¢bacept the teandeveloped
bubble diagrams, space layout, and adjacencies by kmatie seconénd thirdweels,
the tean drewthe floor plan in Revit and creatblock diagransto do the space planning
and furniture layout. The design decision pattern starts by doing hand sketches and then
doing the hybrid method of hand and digital drawing. The team made changes to the
wall s design after analyzing the floor plan. The tedesigred cubbies for quiet spaces as
a primary design feature in the space. However, they conducted functional analysis using
Revit within the space to decide where they could apfigsed on user needhey
used a realistic visual style to view thengboaded furniture. They designed a custom

ceiling by creating it from the soundscape blades systdiar that, the team used Revit
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to complete the DD phase. hesed the Revit outskirts to design altgime design
ideas and started to switch betweesaisl by moving things around to make the final
design decision. Next, the team analyzed the circulation path of the floor plan aed creat
a second circulation route. After that, the team adjusted furmisir@ution in several
areasHowever, the teameasigned the RCP using trial and error method. Also, the team
used the 3D view to see the right height of their degigry used the painting tool (a
Revit tool that is used to apply materials on objetictselect the right material by using
3D and elevabn views to visualize the chosen materials. By visualizing materials in a
3D view, the team explored the location, texture, and portion of the materials within the
spaceNext, the team used a realistiew to select materials and colors in differentaare
of the space. Téiteam presented thdinal design tahe instructor and peers

The ARRD projectn the first and second weeks, studentitlresearcho learn
about the site, building, and architectural style. Student #1 created a mood board. After
that, she selected a concept and call ed
logo, and menu design for the restaurémthe third week, stude #1 did the hand
drawings of bubble and block diagrams. After that, she drew the existing stratthe
place in Revit. Next, she made a block diagram using Revit by defining spaces, zones,
and adjacencies. She used a section view to design a rampaith idea of the project,
that connects three areas. In the fourth week, student #1 finish8D thiease because
she finished the floor plan, perspectives, the RCP design, the furniture distribution, and
lighting design. She started doing the DD phésé¢hat week, the student received a disk

critigue. Subsequently, she made some changes in thenblashe visualized the 2D
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drawings in Revit to identify the conflictt the fifth week, the student worked on the
lighting analysis and design. She explband tested different lighting options, using a
realistic view. She also developed the beverhgavsase shelves located in the middle of
the bar area. In addition, she changed the lounge wall maidreaktudent developed the
lounge area and transfed it to a multipurpose room that could be a lounge or private
area for events. Finishing the SD thys time of the project allows the student to explore
and upgrade the project to the next level. Student #1 fiddled with her design to refine it in
the DDphase. However, she went back to the SD and made some changes in space
planning, such as rearrangithe lounge furniture. Student #1 used a realistic view to
select materials. She also used a consistent color visual style to analyze the material
selectiors. After that, the student did the lighting analysis for lighting design. Next, the
student used thfloor plan and the section view to decide which part of her design should
be built in a physical model. Then, student #1 worked on the physical modwed. |&st

week of the semester, student #1 presented her project to the instructor and peers.

Student#2.

The ASDproject n t he fir st wadfksearchtoledreabout # 2 6 s
autism and developed their conceftsen, the team started to collgetta for the
projectds users and narrow the usaepttoprof il
design a part. using hand sketches. Next,
structure by drawing it using Revit to identify the exact dimmmsiand wall height. The
team used Revit at the beginning of the SD as a drawing tool that pressiatial

information to move forward in the design process by saving time and effort. Revit
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helped them to resolve the measurement of the existing buddohgerceive the actual
space in the 3D view. After building the existing floor plan, the teamqatithe floor
plan out and drew some hand drawings on it to resolve the bubble diagrams and space
relationship. The i niti gl thiscncepewas dewslaped 6 mo v
and changed. In the second week, the team drew hand sketchelste kap they could
apply and reflect on the chosen concept in the space. They drew three bubble diagrams,
and the parti was developed from a circle of humera lenses, which was the new
concept Othrough the | ens. 6 fadderewl slkmpefoo dr ew
the floor plan in thumbnail format. All these sketches reflect deep design thinking and
exploration on paper. In the third week, thantedesigned the floor plan using Revit.
Student #2 explained that visualizing the 3D view madeblerto generate ideas. The
team created a fish tank in the middle of the room in a 2D view. However, student #2
mentioned that seeing this element throygdice gave her a sense of how the space
would feel. While the team was trying to finalize the flptan, refinements happened in
different areas in the floor plafhe team presented thdinal design tahe instructor
and peers

The ARRD projectn thefirst week, student #2 inserted the existing floor plan
into Revit to draw the existing structuisfter that, the student printed the floor plan to
trace bubble diagrams to analyze the spatial relationships and adjacencies using her hand.
Next, student #2id researcland selected a concefpten student #2 made an early
design decision by making theam feature of the space artwork wall that interacts

with the users. After that, student #2 started to do some hand sketching to design
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branding.In the second week, studentdi@ the block diagramusing Revit. Student #2
showed many hand sketcheddferent perspectivesn the third week, student #2

worked on the main floor plan layo@he kept changing the design using elevation and

3D views until she was satisfied with the
alternati ve derissiofjchabges$Stsdentzadidia hygrid mmeth®d, which
advanced the SD process, by using hand then Revit to design the mezzanine. In addition,
she used Revit then hand to design thelbahe fifth week, student #2 started the DD

phase by designing thighting in the space aneifitecting on the ceiling plan (RCP). The

goal was to design a functional ceiling that had a wayfinding system. Student #2 designed
the RCP and took a camera view to perceive different design elements. After visualizing
the view d the ceiling, the studemecognized that the ceiling was cluttered with so many
lighting fixtures, so she decided to delete some of them. By visualizing the realistic mood
in the space, the student conducted lighting analysis by exploring a differémifkin

lighting in the spacelhe student built and developed the columns by building box

planters that surrounded them. The student did it by hand sketches first then applied the
idea in Revit. Student #2 generated alternatives by fiddling with the degign a

refinement. Next, the gtlent worked on materials by using a trial and error method to

find the best material distribution within the spdecethe sixth week, student #2 explored

the chosen materials using a realistic view. This exploration was danglthtwo steps:

first, teging the chosen material by turning to a realistic view in visual style, and second,

rendering the scene to examine it and make any necessary changes, such as increasing or
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decreasing light exposuréhe studentpresented thefinal design tahe instrutor and

peers

Student 78.

The ASDproject n t he fir st wedddkesearshttaulehr abobut # 3 0 s
autism andleveloped their concepfBhe team came up with three alternative concepts.
Then they chose the deer tracksmcept and developed tharti. They generated an
abstract idea from the concept to be reflected in the floor plan by designing a path for
wayfinding of the space. Il n the second and
space planning using thdiand sketch to do the piaftubble diagrams, and block
diagrams. Then, the team developed the floor plan using Revit. They did an exploration
of different furniture layouts. The design decision was taken after viewing the 3D
perspective. Thus, using tB® view validated their degn decision. The team, while
using Revit, refined their design during t
on the 3D views and adding furniture, lighting, and details on the walls, such as
acoustical panels. They ddweped the reflecting ceilg plan (RCP) by exploring design
alternatives. Student #3 described that using Revit allows visualizing the differences
between two ceiling elements, the regular ceiling panel, and the acoustic drops. Thus,
Reuvit facilitates vigal comparisons. In additio the team developed a wayfinding system
on the floor plan that also related to the
decisions regarding the floor plan by hand sketching, and then they drew it in Revit.

However, sme changes happened whitey drew the idea in Revit because the idea
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became a part of the whole context. At the end of the third weeteam presented their
final design tahe instructor and peers

The ARRD projectn the first and second weeks, d¢mt #3 did research on the
site, building history, and the city. Then, the student created a mood board and selected a
concept. The studentds idea was to build
reflect theselected concepin the third wek, development occurred in the chosen
concept. After that, the student drew block diagrams using Revit. Then, he explored them
using his hand, and then he redrew them using Revit. After that, the student made a
furniturelayout using his hand. The studsketched 12 alternative forms for the cabin
beams by using online resources. Then, the student narrowed the choices to four to be
able to model them in Revit and examine the forms within the space to choose the final
one.After that, the student developskietches of the fireplace area. Next, student #3
used a bar model from the internet; however, he discovered a conflict that the bar was
over a column. Consequently, the student customized the bar model to fit within the
gpace. Student #3 used Revit insp@lanning and furniture layouh the fourth week,
student #3 finished the floor plan (SD phase) and focused on detail exploration (DD
phase) in each area of the restaurant. The student used the design optionxamoint® e
different alternative desigs, such as different shapes, colors, materials, and lights on the
bar and ceiling beam design. Student #3 designed two alternative designs for the bar by
hand. Then, he built it in Revit using the design options tooérAlftat, he built the third
optionusing only Revit by combining previous ideas. The student reported that using the

design options tool allowed him to compare different alternative designs within the space.
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After that, the student selected initial matisti&dlowever, in the DD phase exption,

the student changed the selected materials. In the fifth week, student #3 explored details
in the hearth area. The student did a material analysis by selecting different materials and
applying them in the space\ualize it using a realistic we In the sixth week, student

#3 finished the booth design, which was the last part of the project, by modifying the
shape, selecting the materials, and deciding on the size of the table. After that, the student
did the Ighting analysis to select the righmp fixture and color temperature. After that,

the student rendered using the trial and error approach to verify the final design decisions
regarding lighting and materials. In the last week of the semester, stugmes#8ted

theirfinal design tahe instructor and peers

Student #4.

The ASDproject n t he fir st waid#ksearchtoledreabout # 4 6 s
autism and developed their conceptier that, the team drew hand sketches to think
about the bubbleidgrams and zonings. They thoughibut circulations and human
needs on how the flow would be in the transition between spaces. In the second and third
weeks, the team used Revit to resolve the measurements of the existing building and
visualize the actualpace. Next, the team startedlasign several layouts of the floor
plans and then shared what they did to pick what worked best irflbonglan. During
the SD phase, the team used the floor plan
verified whether this selected furnituretr not . Student #4 used t |
tool, a tool that produces 2D lines, to sketch her idea digitally. The student worked on the

human need accommodation by drawing the ADA circle and dragging it around each
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correr to make sure that there wereaxtra pieces that created a hard movement. Then,
the student used the dimension tool to validate the requirement on both sides of the doors.
The team showed the instructor three design opfarthe floor, from which they
picked one after receivingthen st r uct or 6s feedback. Thus, R
communication about spatial design with the instructor. Revit also helped the instructor
to find design weaknesses and give good feedback. Next, théinesmad laying out all
project requirements arithalized design decisions. The team wanted their skylight to
produce ambient light because the users of the space were sensitive to the direct light.
They explored the RCP design and did much alterna@isgyd.The team presented their
final design tahe instructor and peers

The ARRD projectn the first week, student ##d research on the site, building
history, and the city. Then, the student created a mood board and selected a Thacept.
studentinserted the existing floor plan into Revit taad the existing structurén the
second week, student #4 finished a digital block diagram using Revit. In the third week,
student #4 worked on the floor plan layout. In the fourth week, student #4 started
furniture layout after she had a general idbatwere things should go based on the block
diagram. While student #4 was developing the restaurant design, she kept changing the
design using elevation and 3D views until she was satisfied with the r@$ulss.going
t hrough &éexpl ornidn gnealntse rhraavtiinge ad essxkirg es of
makes his/her decision. Student #4 used the digital method only and used a detail lines
tool as a sketching tool, exploring her thoughts in the spatee fifth week, student #4

explained how she biiiher custom design, the top bar, and the bank vault door. After
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that, student #4 examined lounge capacity by selecting random furniture. Regarding the
booth design, the student used a detail line to sketidtorative element between booths
and then uskthe extrusion tool to create its thickndesthe sixth week, student #4

started the DD phase by designing the lighting in the space and reflecting ceiling plan
(RCP) and selecting materials. The studkrgigned the RCP and took a camera view.

Her pro@ss was the trial and error method, which allowed her to find the best material
distribution within the space. She explored the chosen materials using a realistic view.
This exploration was done through teteps: first, testing the chosen material byihgn

to a realistic view of the visual style, and second, rendering the scene to examine it and
make any necessary changes, such as increasing or decreasing the light exposure. Next,

student #4presented thefinal design tahe instructor and peers

Student #5.

The ASDproject n t he fir st waidfksearchtoledreabout # 506 s
autism andleveloped their conceptBhey designed a parti using a digital sketch. Next,
they worked on the existing structure by drawing it using Revit to identfgxthact
dimensions and wall height. The team used Revit as a drawing tool that provides essential
information to move forwarth the design process by saving time and effort. Revit
helped the team to resolve the measurement of the existing building aalizeishe
actual space. After that, the team drew the bubble diagram and block diagram digitally. In
the second and third wies they drew three floor plan prototypes using Ravie team
finalized the floor plan using Revit. Student #5 explained tisatahzing the 3D of the

reception area made her able to generate an idea and create a complex geometry of the
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reception deskl'he student used the trial and error method in the furniture layout;
however, she mentioned that using Revit gave her a sertse sizé of the space for each
room. The team finished laying out all project requirements and finalized design
decisionsTheteam presented thdinal design tahe instructor and peers

The ARRD projectn the first week, student #5 inserted the emgsfioor plan
into Revit to draw the existing structure and to identify the exact dimengienstudent
did research on théts, building history, and the city. Then, the student created a mood
board and selected a concdptthe second week, studentdésigned a logo and a
digital block diagram using Reuvit. In the third week, student #5 completed the existing
floor plan andvorked on the main layout based on the final block diaghaitie fourth
week, student #5 developed the space planning in tbhegdlan andexploreddifferent
furniture layouts. In addition, the student explored space planning using a detail line too
to create a digital sketch. Student #5 developed the restaurant design by using a floor
plan, elevations, and 3D views until she watsfied with theasults. Student #5 used
the digital method only by using the detail lines tool as a sketching tool, exploring her
thoughts in the spackn the fifth week, student #5 explained how she built her custom
design, the bar, and top of therbBhe top of the brawas built for decoration reasons.
However, after she received feedback from the instructor, she changed the area above the
bar to a private area. The student used the 3D view to make sure that her design looked
good, and the measurents were rightin the sixth week, student #5 started the DD
phase by designing the lighting in the space and reflecting ceiling plan (RCP). She also

started to select materials. The student designed the RCP and took a camera view. Her
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process to select ntaials was by triaand error, which allowed her to find the best
material distribution within the space. In the last week of the semester, student #5
presented thefiinal design tahe instructor and peers

4.3.2 The photos of the design process.

This study includes figures designed by theearchethat illustrate the influence
of using BIM/Revit in the SD and DD phas&sthese ardollowed by table keynotes that
explain each photo. All the keynotes provide a sequential understanding of what
happenedin the SD and DD phases. Part of the table keynotes are highlighted with gray,

which means the step was done using Revit. White means the step was done by hand.

Student A.

The ASD project
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Schematic Design (SD)
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Conceptual/Space planning

Materials

Perspectives / Elevations & Sections

Figure 14. Photos of SD and Dphases n t he design process of
during the ASD project.
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Table?2. Figure 14 keynotes.

Photos | Date Description

sumbe

;

SD phase

1 10616 | The bubble diagrams.

2 1616 The first prototypes of furniturayout.

3 10616 The second prototypes of furniture layout.

4 1616 The third prototypes of furniture layout.

5 1616 The digital blockdiagrams 1-4 led toproduces.

6 10623 The parti of 6ease transitionbd c

7 1023 The initial floor plan. 5 led tproduce?.

8 10625  Thesecondfloor plan. 7 led tgroduce8. The red circles highlight changes
occurred in the floor plan. These changes are adding an outdoor patio a
work area, developing the desigrtletraining room, and changing the
furniture layout inthekitchen, reception, and multipurpose trainingmoo

1 1625 | The ceiling material for the multi training room.

12 1625 The final RCP design. Series of trials and errors occurred to produce 12

DD phase

9 1030 The final floor plan. 8 ledo produe 9.

10 1030  The selected materialSeries of trials and errors occurred to select final
materials.

13 1030 The section of the space.

14 1030 The multipurpose space, which containsdb&tspaces.

15 1030 ' The final rendering of the entry/rquten.

16 1030 The section of thguiet space.

17 1030 The final rendering of the outdoor space.

18 1030 | The final rendering of the sensory space.

The ARRD project

75




EXPLORING BIM AND THE DESIGN PROCESS IN INTERIOR DESIGN PEDAG®G

1-8

SRUNERE
D
i

|

-8 %
'1"!
3
=
d

Elevator
and Stair

Conceptual/Space planning

SIVIIILYIN

Materials

(%]
| =
o
5
O
]
(%]
o
(%]
c
o
i}
©
>
9
w
e
(%]
(]
=
5
[S)
(]
Q.
(%]
o
(4]
[a

Figure 15. Photos of SD and DD phases in the desigreess of student #1 during the
ARRD project.
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Table3. Figure 15 keynotes.

Photo | Date Description

s 0
numb
er
SD phase

1 11-8  The bubble diagrams.
i, a, The block diagrams.

,C
3 1115 The digital block diagram.-2 led to produe 3.
4 11-20  The first floor planMultiple furniture layouts occurred before 4.
5 1127 The second floor plan. 7 led to produce 8. The red circles highlight chan

occurred in the floor plan. These changes are occurred in the furniture
layouts, in tle dining areathe reception, the lounge area, and the bar aree
The refrigeration in the bar was replaced with alcohol display bottles.
11-27  The first prototype of theelected materials.
118 The top is the restaurant ramp solution.
The bottom ighe ideation of the bottle showcase shelves.
10 11-15  The section of theestaurant ramp solution to show the heights of the ram
Student#fi The fl oor i s raised above t
three distinct levels for the lounge, bar,anddi ng ar ea. 0
11 1120 The 3D view of the lounge using the hidden line aisiyle.
12 1127 The 3D view of the lounge using the hidden line visual style. Some chan
occurred by addg glass on the wall.
13 1127 The 3D view of the private dining rom Some explorations occurred on the

RCP.

14 11-:27 The section of the restaurant. It shows the different heights of the ceiling
and floors.

15 11-20 | The 3D views of the bar area.

16

17 11-27 The custonbottle showcase in the bar area.

DD phase
126 The final floor plan.
126 | The selected materialSeries of trials and errors occurred to select final
materials.

18 124 The physical model.
19 11:29  The 3D view of the dining area using tlealistic visual style.
20 126  The RCP.
21 124 The dining area.

22 126 The final renderingf the dining area. The color temperature was modifie
19-21 led to produce 5.
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23 11:29  The 3D view of the lounge using consistent color vistge.
24,a 1129 The 3D view of the lounge. Some expltions occurred on the details, wall
124 materials, and lightings.
26 126 The final renderingf the lounge area. 23,24, 2ia to produce 26.
25 126 The section of the restaurantillastrates the vertical relationships of the
ramp, ceiling, mezzaninand furniture.
27 11:29  The 3D view of therivatedining area.
28,a 1129 The 3D view of therivatedining area. Some explorations occurred on the
124 |ight temperature and materials.
29 126 The final renderingf theprivatedining area. 27,28,8aled to produce 29.
30 11-27 The 3D view of the bar using the hidden line visual style.
31 1129  The 3Dview of the bar using consistent color visual style to identify the
dominant color.
32 11-27  The 3D view of the bar. Some explorations occurretheright temperature
and materials.
33 126 The section of the bar to understand the idea of different levels.
34 12-6 _
The axonometric of the space.
35 12-6 _ _
The final rendering of the barea.
Student 2.

The ASD project
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of SD and DD phases
during the ASD project.
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Table4. Figure 16 keynotes.

Phot ¢ Date Description
number
SD phase
1 1616 | The bubble diagrams.
2 1016 | The prototyes of space layout.
3 1616 The parti of oO6through the | enso
4 1623 The initial floor plan. 2,3 led to produce 4.
5 1025 The second floor plan. 4 led to produce 5. The red circles highligt
changes occurred in the floor plan.

8 1616 | The branding exploration.
9,10 16 The wall forms explorations.

16,23
11 1625 | The 3D view of thesensory room. 11 led to develop details in the room.
12,13 | 1023 | The reception ideation.

DD phase
1030 The final floor plan
1030 ' The selected matials. Series of trials and errors occurred to selec
final materials.

4 1030 | Theexterior elevation.
15 1030 ' The outdoor area.
16,17 2230 The 3D view of the sensory room for material exploration.
18 1626 | The 3D view of the multpurpose triming room for material exploration.
;2,20, 2230 The 3D views of the reception area. 19,20 led to produce?21.

The ARRD project
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Figure 17. Photos of SD and DD phases in thesign process of student #2 during the
ARRD project.
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Table5b. Figure 17 keynotes.

Phot
number

~N o g A WDN

10,a
11
12
13
14
i3
16
17
18,a
19

20,21

22
23,24
25
26,28
27
29
30,31

32

&3

Date

11-8

11-8
11-8
11-8
11-15
ALTEALS)
11-20
11-8,20
11-15
11-20
11-27
11-27
12-4
11-15
11-20
11-20
11-20

12-4
12-4

12-4

12-6
12-4
12-4
12-4
12-6
12-4
12-4

12-6

12-4

Description

SD phase
The pdf file of the existing structure. The pdf file was imported in Revit t
draw theexisting structure.
The logo of the restaant.
The bubble diagrams.
The block diagrams
The graffiti wall. The main feature of the restaurant.
The block diagrams.
The initial floor plan.
The columns and the bar ideation.
The alternative designs of the bar.
The 3D view of thévar area. 10ked to produce 12
The 3D view of the ceiling design in the bar area.
The 3D view of the lounge using the hidden line visual style.
The 3D view of he lounge adding light fixture.
The graffiti wall. 5 was developed to 16.
The different angle of the 3D view of the lounge.
The semiprivate/private dining ideation.
The 3D view of the main dining and seprivate /private dining.
DD phase
The final floor plan. There were no changes occurred.
The selected materials. Series of trials and errors occurred to select fine
materials.
The 3D views of théar and dining arefar mateials andight temperature
exploration.
The section of the bar.
The 3D views othe lounge arefor materials andighting exploration.
The final rendering of the lounge area
The 3D views ofhe lounge arefor materials andighting exploration.
The section of the restaurant represents vertical relationships.
The final rendering of the lounge area.
The 3D views othe main dining and serprrivate/private dinindor
materials andi ghtingexploration.
The axonometric of the serivate/private dining illustrates the idea of th
moving panels.
The final rendering of the main dining and serivate/private dining.
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Student 78.

The ASD project
Schematic Design (SD) | Design Development (DD)

100 gl 0-16
! ;

Conceptual/Space planning

_m[ Ism E-r|
| _Eﬁi, TR Tema i

Perspectives / Elevations& Sections
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Figurel8 Phot os of SD and DD phases in t

ASD project.

Table6. Figure 18 keynotes.

Photos
0
numbe
r

1,a,2
3
4

6a

10

11
12
13
14
15
16
17
18
19,20

Date

10-16
10-16
10-16

10-23
10-23
10-23

10-25
10-23

10-25
10-25

10-25
10-30
10-30
10-30
10-30
10-25
10-30
10-30

10-
25,30

Description

SD phase
The bubble diagrams.
The blak diagrams
The three alternative concepts. The team came up with three concepts,
6t hunder bird, running water, anc
them.
The parti for the chosen conceéptOn Tr ac k 6 .
The floor plan.
The floor plan. The red circles highlight changes occurred in the floor pl
including furniture layout and wayfinding line.
The 3D view of the sensory room.
The reception area.
DD phase
The final floor plan.
Theselected materials. Series of trials and errors occurred to sele
final materials.
The exterior elevation.
The 3Dview of the sensory room.
The 3D view of the flexible use space.
The 3D view otthedemonstration kithen and dining area.
The two sections of the project.
The 3D view of the hallwaystarted exploringnaterials.
The 3D view of the hallways.
The RCP design.
The 3D views othereception area.

The ARRD project
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Design Development (DD)

Materials ! Conceptual/Space planning

Perspectives / Elevations& Sections

Figure 19. Photos of SD and DD phases in the design process of studduti#g the
ARRD project.
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Table?. Figure 19 keynotes.

Photos
0
numbe
r

2a

ol g A w NP

10
12,a
13,a

14
15

16
17
18, a
19
20

11

21, a,
b, c
22

23
24, a
25

Date

11-8
ALTEALS)
11-8
11-20
11-20
11-20

11-20
11-27

11-27
11-20
11-20

11-27
11-27

11-29
11-20
11-27
11-20
11-20

12-11
12-11

12-4

12-11
12-11
11-29
12-4

Description

SD phase
The exposd wood beam ideation that reflects the cabin style.
The block diagrams.
The restaurantdés | ogo exploratio
The block diagrams.
The block diagrams. 2)éd to produce 5,5a
The furniture layout explorain. The student traced over the walls and
columns of the digital floor plan using a blue color then explored furniturt
layout using a red color.
The furniture layout exploration.
The floor plan. 47 led to produce 8. The red circlesfilight changes
occurred in the floor plan.
The selected materials.
The wood beams alternatives.
The hearth alternative designs. The studenttimgiwh at i f 6 s
exploration.
The beam structure
The section detail of the columns. The student raised the floor level to c«
the wide base of the columns.
Further exploration athe hearth area using hand sketches.
The 3D view of the lounge using the hidden line aisiyle.
The sections of the bar area.
The section of the lounge area.
The lounge area exploration. The student used a hybrid approach. 19 w.
traced using a blue color then explocédlifferent ceiling levels using ade
color.

DD phase
The final floor plan.
The selected materials. Seriedradls and errors occurred to select final
materials.
The materials application on the furniture.

The elevation of the restauranblay.

The final 3D view of the restaurant lobby.

The elevation views dhehearth area exploring materials and textures.
The 3D modeling of the booth.
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26
27
28
29
30

31

32
&3

34,

35
36

1129  The elevation of the hearth wall.
124 The 3D view of tle loungearea using the realistic visual style.
1211 The final 3D view of the lounge area.
1127 The elevation of the bar.
1127 The 3D view of the bar.
1129 The 3D view of the bar. The student used the design options tool to @m
alternative designs of the bar.
1211 | The physical model for the bar.
1211 The final 3D view of the bar area.-2da led to produce 33
124 Thealternative designs for the dining area.
124 The RCP design.
1211 The final 3D viev of the dining area.
Student #.

The ASD project
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Schematic Design (SD)

Design Development (DD)

e B 018

S | ==

1

— e 10-I6i

el N 1
.'! "1}

|
T,Q;Z‘(T 10-20 19-20 —
el

10-25]

Conceptual/Space planning

Materials

10-30,

Perspectives / Elevations & Sections

Figure20.Ph ot os

Table8. Figure 20 keynotes.

during the ASD project.

of SD and DD phases team

t
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Photos | Date

0
numbe
r

©o N o g & W N e

Iy
o

13, a,

14, a

15
16
17

18

11
12

19
20b
21
22-
23
24-e

25

10-16
10-16
10-16
10-18
10-23
10-20
10-20
10-25
10-25

10-20

10-26
10-20

10-25
10-25

10-30
10-30

10-28

10-30
10-28

10-28
10-30

Description

SD phase
The bubble diagrams.
The furniture layout exploration.
The block diagrams
Theprototypes of the space layout.
The initial floor plan.
The concept exploration.
The prototypes of the space layout.
The seconédfloor plan.
The secondfloor plan. The red circles highlight changes occurred in the flc
plan.
The physical prototypes and section of the skylight design. This skylight
fedaure is the main feature that reflects the chosen concept. The team exj
different positons of the sunlight.
The 3D view of the skylight exploration.
The wall ideation.

The furniture layout in the sensory room.
The 3D view of the sensory room.
DD phase
The final floor plan.
The selected materials. Series of trials and errors occurred to select final
materials.
The 3D views of the skylight area for materials and ligih&xploration.

The final 3D view of the skylight.
The 3Dviews of the outdoor.

The 3D views of the reception area for materials and lighting exploration
The final 3D view of the reception.

The ARRD projdc
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Schematic Design (SD)

Design Development (DD)

12-11

Conceptual/Space planning

Materials

Perspectives / Elevations & Sections

Figure 21. Photos of SD and DD phases in thesign process of student #4 during the
ARRD project.
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Table9. Figure 21 keynotes.

Pho | date Description
tos
num
ber
SD phase
1 118 The rest aexplomanon.6 s | ogo
2 11-8 The logo of the restaurant.
3 1115 The blockdiagrams.
4 1127 Thefirst-floor plan.
5 1127 Thesecondfloor plan.
6 11:29  The furniture layout exploration.
7,8 11129  Thethird-floor plan. The red circles highlight changes aced in the floor

plan.
12 1129  The 3D view of the main dining area.
13 1129  The 3D view of the dining and the bar area.
14 11:29  The 3D view of the bar area.
15 11:29  The 3D view of theestaurant door
16 11-29  The 3D view of the restaurant doomaihe bar.
17 1129  The 3D view of the booths design.
DD phase
9,10 126 The final floor plan.
11 | 1211 | The selected materials. Series of trials and errors occurred to select fina
materials.

18 1211  The sections of the restaurant represent éntcal relationships.
20

21 126 The 3D view of the dining/bar area.
22 1211  The final 3D view of the bar area.

23, 126 The3D views of the dining area for materials dighting exploration.
25,

24, 1211 The final 3D view of the dining area.
26

Student .

The ASD project
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Schematic Design (SD)

Design Development (DD)

1 10-16 10-16 10-30

10-16 | [710-25

Conceptual/Space planning

Perspectives / Elevations & Sections

Figure22Phot os of SD and DD phases in the
during the ASD project.
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Tablel10. Figure 22 keynotes.

Photos
0
numbe
r

1,a
2-4
5

6

7
10
11
12

13
14
15

Date

1016
10-16
1016
10-23
10-25
10-23
10-25
10-25

10-30
10-30

10-30
10-30
10-30

Description

SD phase
Thebubble diagrams and adjacencies matrix.
The prototypes of space layout.

The partdi of dencompassd concept

Thefloor plan layout.
The floor plan with furniture layout.
The 3D view éthe concept exploration
The RCP design of the mufburpose room.
The 3D view of the reception area.
DD phase
The final floorplan. There are no changes occurred from 7
The selected materials. Series of trials arrdrs occurred to select final
materials.
The elevation of the reception area.
The multipurpose training room.
Thesensory integration space.

The ARRD project
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Schematic Design (SD)

[Processwor:  11-15] 1 11-27

Design Development (DD)

12-11

T T e v

Conceptual/Space planning

Perspectives / Elevations & Sections

Figure 23. Photos of SD and Dphases in the design process of student #5 during the
ARRD project.
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Tablel1l. Figure 23 keynotes.

Phot | date Description

number
SD phase

1 1115 The block diagram. The student traced over the pdf file of the existing
structure

2 1127 The initial floor plan.

3 1129 Thesecondfloor plan.

4 11-15 ' The logo of the restaurant.

5 126 Thethird-floor plan.

6 126 Thefourth-floor plan. The red circles highlight changes occurred in the
floor plan.

9 1129  The 3D view of tle main dining area using hidden line visual style.

10 1129 The 3D view of the main dining area.

11 11-29  The 3D view of the maidining area using shaded visual style.

12 124 The 3D view of the main dining area.

13 124 The 3D view of the bar.

14 124 The 3D view of the main dining area.

15 126 The 3D view of the lounge.

DD phase
1211 The final floor plan.
1211  The selected materials. Series of trials and errors occurred to select fir

materials.

16 126 The 3D views of thelining are for materials and light temperature
exploration.

17 1211 The final rendering of the bar area.

18 126 The 3D views of théar and dining area dining arkat materials and light
temperature exploration.

19 126 The 3D views of théar and dining agedining aredor materials and light
temperature exploration.

20 1211 The final rendering of thdining area.

21 1211 The final rendering of the lounge area.

22 126 The 3D views othe private dining arefor materials and light temperature
explordion.

23 1211 The final rendering of the private dining area.
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4 2.3 The final deliverables.

Student #1.

The ASD project

The ARRD project

Figure 24. The ASD project by student
#106s team.

St udent d#liteted the chogem
concept, which was
through a parti, a floor plan, two section
four perspectives, and selected material
The team named t he
DoorLifeSk | | s Center o
Minneapolis, MN. The team described
their project as a space that creates a
social life forASDpeople where they car
network and strengthen their relationshi
with others. It also teaches them how to
independent and live a h#a/, active life.

} .! =
Sy
;E I H‘

Flgure 25. The ARRD prOJect by studer
#1.

Student #1 delivered the chosen concey
which wasept speei:t
parti, a floor plan, an RCP plan, two
sections, four perspectives, an
axonometric, selected materials and
furniture, and a physical model. The
concept waispired by the three steps ti
make a cocktail.

Student#hamed t he r es
Step Spiritsodo | oca
Paul 6s famous Land

student described the restaurant project
a place that educates customers about
ingredientsand secrets of the cocktalil
besides serving meals and disn
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Student 2.

The ASD project The ARRD project

iﬁre 27. The ARRD project by studen
#2.

Figure 26. The ASD project by student

#2060s t eam.

Student #206s t eam Student#2 delived the chosen concept,
concept, which waswhich was o6graffit
through a parti, a floor plan, an elevatio parti, a floor plan, an RCP plan, two
four perspectives, and selected materia sections, four perspectives, an

The team chose t heaxonometric, selected materials, and a
l ens6 to emphasi zephysical model

provides a good opportunity to live an  Student#2 namedeh r est aur a
independent fe. Mar k6 | ocat e dPadl ithed
The team named t h e studentdescribed the restaurant project
and Focus Cent er 6 aplace thatencourages graffiti artists
New Jersey. The team described their practicetheir graffiti artworks on the
project as a space that helps ASD restaurant walls.

individuals to become independent

through a learning expence provided

by the center.
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Student 78.

The ASD project The ARRD project

Figure 29. The ARRD project by studen
#3.

Figure 28. The ASD project by student

#306s t eam.

Student #30s t eam Student#3 delivered the chosen concep
concept, which waswhich was o6up nort
a parti, a floor plan, aelevation, a a floor plananRCP plan, a section, four
section, six perspectives, and selected perspectives, selected materials, and a
mat eri al s. The ¢ hcphysical model. The concept was reflect
tracksd® repr esent <inthe selected materials, texture, earth
shelter in Native American culture. tone colors, and exposed wood beams.
Student #3 named t
The team named theParl or 6 | oawaStRall Then
American Indian Center for Independen student described the restaurant project
Lear ni egndMinheapoles,tMN.  an upscale cabin that brings the northeri
The team described their project asa Minnesota spirit among the city life.
space that helps ASD individuals within
the American Indian population to be
independent learners.
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Student #.

The ASD project The ARRD project

Figure 31. The ARRD project by studen
#406s team. #4.

Student #406s t eam Student#4 delivered the chosen concep
concept, which waswhich was 6forbidd
the rising and s et floorplan,an RCP plan, two sections, ar
a parti, a floor plan, thregerspectives, elevation, three perspectives, stéel

and seleted materials. The team chose materials, and physical model. The

this concept to celebrate the importance concept was inspired by the history of

of routine to all living things. criminals and the corruption of the law ir
The team named t he St Paul

Centerod | ocat ed i r Student#4 named the restaurant
described their project as aspacethat 6 Cor rupti ondé | ocat
creates a saal life for ASD peopé The student described the restaurant as
where they can network and strengther placethat provides diffenat experience
their relationships with others. and feelings by highlighting the era of th:

late 1920s in St. Paul.
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Student .

The ASD project The ARRD project

Encempass &L E’
. - - .

o ERN e

—I U Figure 33. TheARRD project by student
o Pl T #5.
o o

Figure 32. The ASD project by student

#50s t eam.

Student #506s t eam Student# delivered the chosen concept
concept, which waswhich was ORebel I
a parti, a floor plan, an elevation, two  plan, four perspectives, and selected
perspectives, selected materials, and materials. The concept was inspired by 1
furniture. The team chose the concept rebellious attitudes prevalent in the 192(C
6encompassd eloofthen c during the prohibition era.

autism spectrum. Student #5 named the restaur@nt h e
The team named theRebelliond towncSaPaus.d
Center for | ndeper Thestudentdescribed the restaurant as

Austin, Texas. The team described thei space that reflects secrecy and rebellion
project as a space that helps ASD peof with a luxury look.
to be independent adults.

4.4The Interviews
The researcher condecta series of serrgonstructed interviews with five
students during the semester while thvgyre working on thé&SD andthe ARRD

projecs. Overall, the students reported that using Riawilitatesthe SD and DD phases
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in different ways. Seven themes enegtdrom the interviews: four themes from the SD
phase interviews, and three themes froniBephase interviews. The followirfgigure
34 demonstratethemes and how many studejuistify these themes. The themes that
emerged in the SD phaaes(1) initial concept development, (&)e exploration of
forms (3) human needs accommodation, andigbign method exploratioiihe themes
that emerged in the DD phase étgthe exploration ofletails, (2) desigaecision

validity, and (3) finaldesigndecision execution.

A Qualitative

Case study:
Interior
Design Studio
Vil
IDES 4607

Design Initial concept The exploration Human needs Design method
process: development of forms accommodation exploration
Programming
phase
l Students #1,2,3,4,5 Students #1,2,3,4,5 Students #1,2,3,4,5 Students #1,2,3,4,5
Schematic ’
Design
phase (SD)
Design
Developme
nt (DD) . Design decision . Final design
phase - The exploration -
validity . decision
of details -
execution
Final
presentation Students #1,2,3,4,5 Students #1,2,3,4,5 Students #1,2,3,4

Figure 34. Themes that emerged from data.

In the SD plse, using Revitcilitatesearly design decisions. In thatial
concept developmettieme the students used Revit to develop their int@hcepts,
startingfrom ideating choosing a concept, sketching it out by hand or in Revit, exploring

the desigrwithin the whole context, and executing the ideas. Ireipdoration offorms
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theme, the students explored ideas and forms using 2D and 3D views in several interior
design phses, including building the existing structure, space relationship analysig, sp
planning, conflicts identification, and custom design. Thus, the 2D/3D views helped the
students to understand their design and then communicate their design with others. In
thehumann e e acesommodatiotheme, the students compared and contrastéd the
design decisions while using Revit with human nesdsh as ADA

accessibility/universal design issygsmake their final design decisions. In thesign
method exploratioran unexpected theme emerged in the SD phasauseising Revit

did not restict the students in their design exploration methdslome students used only
Revit in their design exploration, while others used the hybrid method.

Similarly, in the DD phaseausing Revit facilitatelate design decisions. In the
exploration of detailsheme, the students explored details in several interior design
phases including RCP design, testing materials, lighting analysis, and details
development. In thdesign decisio validity theme, the students used 2D/3D views,
visual styles, and draft remdj to validate their design decisions. In fimal decision
executiontheme, the students used the trial and error approach and iteration of draft

rendering to executheir final design decisions.
Schematic Design Phase (SD)

4.4.1SD Theme 1:Initial con cept development
Using Revit helpdthe students to develop their initial concept. What | found here
is a small process inside the design procksall it Ghe initial concept development

procesH
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Ideation Conce.pt Idea exploration Idea execution
selection
by perceiving the
design within the
Hand whole context
Hybrid -Refinement The DD phase
Digital -Develop
-Or change the
concept

Figure 35. The initial concept development process.

In Figure35, this process starwith ideating,choosing the conceptxgloring the
concept within the whole context, developing the concept, and executing the idea. The
students explained to me thhis exploration made theaxamine whether this design
refleciedtheir conceptand whether this reflection confledwith the requirenents and
the human needs. Consequently, using Revitstipstudents to see the design elements
within the whole context, whichllowsthem to efine the initial concept and then execute

the design.

4.4.11 Concept selection

Inthe ARRDproject, sudent #3 chose the initial concepb fcabin feel Bhen he
usedahand sketch to draw the idea. HMhenrefinec
the student finished the hand sketghemmoved to Revit to model some alternative
cabin structures and used the 3D view to visualize how the desigediakin the

space
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[I came] up with different designs that | found online of how cabins use thergaft
as an exposed element. [I createsljn@any ideas as | could [then | chose] those
four. My next step wouldbe to [model] them in Revit and then switch it out [to]
see how each of them looks and works best within the space.

4.4.12 Exploration of ideas

All the students reported that theged Revit to see their idea within the whole
spaceStudents #1 arnd reported that Revit hedglin perceiving the chosen concept
within the whole context. Student #1 sdifin] Revit it was very easy to [see] howeako
[the design idea] affect the raxtthe restaurarmi.Student #2 saidil usually sketch little
chunks of the design that | want in [the design project]. Once | start putting in [Revit], |
am | i ke, 60h, I d o n BtadenvEerplored thealésign wathin | d o
the wholecontext fiMy concept iSup north cabifso [I am] trying to figure out a variety
of different beams that | could use it [to
inside of this buildingd
Student#d4selet ed t he concept O6corruption. & She
design elementhat reflected the concept, such as the restaurant door. Revit helped
student #4 see the design elements within the whole context, which allowed her to refine
her concept and ém execute her design
For this vault door, first, | do not know how big | wdhe vault door, so using this
view made me realize [that] |1 6ve got to
how | should swing the door, so this view [helped] me putpeirspective again to
see how it would relate to my space and fit in the space
Student #5eported that using Revit helped to visualize and understand the whole space

and therefore to design within the whole context:

| think building in Revit gives us ailea of how big thespace is and how much
space we have to work with, andhirtk it also makes it easier to visualize how we
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want the space to be laid out and it helps uddayard where we want to go in
design.

4.42 SD Theme 2:The exploration of farms.

Using the 2D/3D views in Revit heddthe students in the explorationsyatial
forms. They illustrated the basic design concept through forms and did bubble diagrams
to explore, identify, and locate zones of activitiese students explained to ratthis
form exploration occurredt various stages in the SD phaseluding the existing
structure, space relationship analysis, space planning, conflicts identification, and custom
design.Thereforeusing Revit helped the students to explore thesigh in 2D and 3D
views. After thg exploration, the forms of the design become rtegible They reported
that using Revit during this exploration made them capable of communicating their ideas

with others ¢ee Figure36).

The exploration of forms

2D/3D views & measure
tool

The existing Space . Space Conflicts Custom
relationship . . e .
structure . planning identification design
analysis

Legibility of design

Figure 36. Theexplorationof forms would occur at any time of the SD phase using
2D/3D views that lead to make the design idea rregible,
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4.42.1The existing structure

Student #lused a 2D view in Revit to draw the existing structuré@&ASD
project after finishing the bubble diagram by hafiow we are working on the floor
plan, and we are building it in Re\t.
Student #2ised the 2D view to draw the existing structurén@ASDproject so
that she could start her desigiftaving [the exsting dructure] overlaying onto [Revit]
and then [the instructor] did provide measurements farlnsaddition, using 2D/3D
views were useful to meet the space requireméhtaias easy to place the [furniture]
and know how big [space] needs to be aow highup [the ceiling] iSO Student #2
reported that she used Revit to draw the existing buildgg| was trying to get
[ di mensions of the building] as close as p
where I 6m going to put [furniture].
Studenm #5,in the ASDproject, used the 2D and 3D views to draw the existing structure:
fiWwe havendédt done any sketches [by hand] yet
out space since we got a PDF floor plan of this space, so | started building thataip in
threedimensional spaceln the ARRD project, she started the project by transferring the
pdf file to a 3D parametric modeling file:
[After] the block diagram, | am drawing out the floor plan, | put the PDF into Revit,
and now | 6 m tSo,d e that | khowé¢he spacé dnd so | can get an
idea of how big this space is. And then

| figure out the space | have to work with.

4.42.2 Space planning
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Student #Xeported, ithe ASDproject, thausing the2D view for exploration helgdin

the space planning, such as space measurements and furnitureMfeowt:r e pl ay i ng
with space and visualizing how big is our space by putting the furniture in. We are using

it as a tool to help us gauge how muchmo In the ARRDproject, the student used

Revit to do measurements

| decided the one, two, three [l evel s]
going to be a difference. From |l evel on
two to thre ,  ifobt because of how it worked out with the bar.

In addition, student #1 used the 2D view to do the furniture layout

| was locked on space planning. Once I did all the block diagrams and dtiterad
in] Revit, | knew roughly where | wanted what. | guess thing that has developed
is how the furniture is arranged. It was more strongly developed.
Student #1 explained hosheexploredthe 2Dforms as alternative designs in the space
planning:fil 6 m jifting [&ltersative designs] using the [canvas]lod Revit file. |
would say it is where | do a lot of my saving alternate areas and then putting them in.
Student #2eported that using the 2D view for exploration helped in space planning
We used[Revit] first [in] schematic because we needed to undedshow the
|l ayout was going to be because we didnod
way because of [the] square footage and | think it helped to put it in there and edit
it a little bit bdore finalizing the floor plan. [it] helped a lot.
Stucent #3reported that using the 2D view for exploration helped in space planning
In SD [phase], Revit is very helpful and using it as a space planning, once [I] get
[my] general idea down on paperdatinenbring that into Revit. So that [I] can see
if things actually work out, especially thinking about clearances

Student #4xplored 2D views in the ASD project in the space planning by exploring

different layouts of the floorplarfiY es, we did a burcof layouts on Revit and then
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picked what element fromach of those floors plans works and then put them into one
floor plano Student #4 reported that using Revit helped in space planning
[I design] right into Revit rather than sketching itouton pape because we
it is a waste of time to sketch itto(i] do not know how big a room i§o,for the
Reuvit, there is a tool where [I] can measure out this room [and] how big it is. And
then they are the 3D view again using that as a tool it is vépjuhbecause [l]
can see how the furniture would look.
Student #%xplored the 2D view in space planning by exploring different layouts of the
floorplan and maikg adjustments based on the 2D exploratidmersonally like to
sketchout ideas firsand then put it into Revit just to get a general idea. Aed tince |
have the furniture actually in the file, t
actually fits in the space@Student #5 reported that using 2D view for explorationdtklp
in the space planning, such as space measurements andduayitut
Once we started putting it in Revit, we had to make adjustments and changes based
on which rooms needed more space or less space aedmak e t her eds a r
throughout the spacsa wel | é1 t hink Revit helped to

thefloorplan layout]

4.42.3 Space relationship analysis

Student #1 used the 2D view, such as elevation and 3D view, toet@orertical

relationships in the space

[ Using Revit] I wal ked through the spac
and Ithink Revit helps me do that. [it] helps me put myself at the scale of everything

ei f [1'] jJust | ook edthat[t] haver?2 fpet aavarticil $phce wo u |
that [ 1] need to fill. [ Revi t] hel ps me
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Studemn#3used the 2D and 3D view to analyze spe
requirements within a refined space and nmake that [the] adjacency spaces are next to

each other. o

Student#4 used the 2D view to analyze the space needs and spacensHgis

[In the ARRDproject], all of these decisions were made after putting it onto Revit
and moving the rooms around tese how it woul d fit into
entrance, I was thinking I dm going to p
goingt o be a person sitting right next to
have a bank vault. [The users] can go through thiv aul t and t hen ha
and then the booths are hidden in the back.

Student #mnalyzed the space relationship by explgit usinga 2D view in Revit to

build the final floor plan: We did not know our final floor plan layout until we started

building it out in Revitd

4.42 .4 Conflicts identification.

Student #kxplored the design idea using the 2D/3D views to identififlicts:
Al really like using Revit because |1 6m abl e
if it looks correct or not She reportediUsing Revit] we saw how we needed a wall to
line up with a mullion and play with mocé the logistics of ths space She also
reportedfiWe decided that we wanted the door in the center so that you can go from one
to theotherd Then she discovered that there was a conflict after changing the door
location:fANnd then we flipped the location of the desksourdrawings theytended to

bedown herdin the floor planjwhile this workstation tended to be up there.
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Student#1 sketched by hand to generate an initial idea which was having different levels

with a ramp around the bar area. Then, she used Revitnifydeonflicts and validate

her idea(see Figure 37)
So,part of my design is playing with di
visualizing [the bar] and playing with it. | did the math on paper and was okay! It

needs to bthis butbeing abletose¢i and see that O6yes, this
of a setion view, and then with Revit, | was able to make it.

A

1 2 3

LOUNGE BAR DINING

11-8-2019 11-15-2019

Figure 37. 2D/3D form exploration helps in conflicts identification.
Student #2xplored the design idea using &i@ and3D views to identify conflicts:
| think Revit is good at helping [me] understand constraints that sketching it
doesndt because [IlI] can sketch anything
that [1] candét do, @]putitiotsthe sghaen 6t make s
Student 8 changed the bar design after detecting some confiiti& bar is going to be
over here. | forgot to put my columns i n.

going to mess with [the bar], and thatalsonsdan can6t wuse this [bar]

make something custom.

110



EXPLORING BIM AND THE DESIGN PROCESS IN INTERIOR DESIGN PEDAG®G

Student #4xplored the design idea using the 2D/3D views to identify conflicts in the

early design decision of the space planniiye laid out the block diagram, and we

developed it in RevitWe took our sketches and put thenoiRevit and then figudeout

what pieces could go where and the adjacencies, [I can see] this room connection of that
roomo Student #4 identified conflicts in her design decision by using temporary

furniture, in 2D/® views, to examine the capacity of tgaceiWe [were] nervous

about the multipurpose room. [We were supposed to] be able to fit 20 people, so then we
went on to Steelcase and imported some of the furniture just to see if it fit 20 people.

She addedjRight now, | just wantto putany futniur e t o see how big it
change it according to the dimension of this face to thisdace.

Student #%xplored the design idea using the 2D/3D views to identify conffictio

like to do 3D [view] weuse to make sure that it looks great,st y pi cal l'y 1 61 | s
placing the furniture in the plan view, an
sure it looks nice and works wellShe addedil was using elevation when | was

designing this parof the bar. | was using this view meeasure and make sure these are

the same size and distance apart for technical things and making sure measurements are

correctd

4.42.5CustomDesign.

Student #3xplored the design idea using the 2D and 3D viewdesign the custom
family. Housed@ what i f 06 scenario to explore sever

fireplace:
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| have been looking into different beams. So, | liked this simple beam, but then |

was [thinking] okay if | have this, what can | do withese spaces? Then | saw
something orPinterest, and | was [thinking] what if | did something like this? But

these just had to be spread out wider, so that way, they all still kind of incorporate
this over the beam systemégfir¢placecsachse] up
whatgoesabaeyr t he fireplace whether 1 t6s a mo
a formal portrait above [the fireplace].

Student #4xplored the design idea using the 2D/3D views to design a custom family.
She built a piece of custofurniture using the digital sketam 2D view then used the-in

place family in 3D view:

First of all, | used a detail line to sketch out what shape | wanted to make, sketching

it on Revit. After that, | weninto the[in place family], and then | builtree of the

panels at a time. Then frothere, | went into 3D view and see where they are and
pull it wup or set the heighté for build
[the bar because | want to know] how big | want the top of my bar and then afte

that | went in [Revit] and buildiese poles inside of them using measurement and
make it equal on both sides [using] O6in
3d view and then put into perspective of how it would look in a form.

Student #®xplaed the design idea using the 2D/@iBws to design a custom family.

She built a piece of custom furniture using th@lisce family tool:
When | was designing the reception, for example, | knew | wanted a curved type
of shape, and so | drew it and thdodked at it and 3d view to makersut looks
how | wanted it but then | realized | wanted to add something extra, so then | added
this element here [which] makes it look more interesting and then the cut out here.
| think using the 3D view helps me valize the space better, and it dbetp me
come up with more ideas as well.

4.42.6 Legibility of design

Student #lused Revit to ask for peer feedback on her design fitleapied [the dining
area] and rearranged it and placed it and then askea¢fora s s mat eds opi ni on

then wiggled it a little bit more and mood.he student reported that designing to scale
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allowed understanding of size and the portion of the sjiifRevit] helps us explore the

ideas quickly i n sreallylhadto bg in scaledibheduicks k et c hes

When student #1 executed her design using Ranatmade the idea more

understandable, which allowed the instructor to give her proper feedback:

l 6m playing with [the bar aafrigemajorsandh at

my thoughtp ocess was thereds private room be

privacy but after talking with [the instructor], [| am] moving more towards to show

it off, through using gl ass aimdrpotatef ound

kind of a casinghat is storage for the alcohol it is a decorative element to the space
and this is going to be a really kind
the center of everythingseeFigure 38).

HHWHUHI
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11-20-2019 11-27-2019

Figure 38. 2D/3D formexploration helps to make the idea more understandable.

Student #21sed Revit to make her ideas more understandable for others:

| always like using Revit. It makes it easier to get your ideas actospreétty good at
sketching. Peaale can still understahmy ideas based on nsketches bupushing it
farther through Revit is nice because §eupresenting this to clients, and they see
something that almost looks reafslgoing to make it a lot more exciting for them to
see it commted or understand witathappening in the design process asigogoing
through it.
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Using Revit mdethe idea more understandable in communication between team
members. Using 2D drawings (floor plans) helped the students to communicate with each

other aml arrive ata final dedsion.

Student #&xplained how her teaoollaborated ondeas in the floor plan using Revit,

which made the process of communication between them &@klgsing Revit in the SD
phase] is going back and forth from both of our flplans at whatvorks and what

doestit and wére going to talk about it and then improve our ideas into one in whole

floor plano

Student #5eported that she could keep tracking her changes in the floor plan in the early
phase using 2D and 3D viewiarly on | am alreag putting things in Revit in the

schematic phase. When | am still trying to figure out the floor plan and other stuff, Revit
is still helpful because as | am changing around the floor plan, | can look at it in 2D and

3D.0

4.43 SD Theme 3:Human needsaccommodation.

Visualizing the spatial design in 2D/3D views in the SD phasediblp students to
recognize spatial desigis a humascentered design related to human needs, values, and
preferences. This recognitionlpgto accommodate humareeds, inalding ADA
accessibility, universal design, ergonomics, proxemics, and anthropamethin the

space designs. Thus, human needs accommodspart of the exploration process in

the early design decision in the SD phase. The students egptaime tht this

accommodation occurred while they did space needs and functional anidigsefore,
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using Revit facilitates the space needs and functional analysis that allow students to

accommodate human needed Figure39).

Human needs accommodation

The space needs and functional
analysis

using 2D/3D views

ADA accessibility

and universal Ergonomics Proxemics Anthropometrics
design

Figure 39. The human needs accommodation osauthe space needs and functional
analysis while using Revit.

Student #lanalyzed the space needs of public circulation by using the 2D view in Revit,

i.e., she used Revit to accommodateahtihropomeics:
We did make a change to our design wall in Revit. We decided we needed more
circulation after seeing how our space \
way of access in, but thénonce we could see it [using 2D view in Revit] and it
was in poper scalewe found that was awkward and so we decided we needed a
second a circulation route for this space.

Student #1 reported that after space needs analysis she designed a staff area to

accommodate employee needs, i.e., she used Revit to accomthedatgonomicsil
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fiddled around with my | ounge area, and |0
this wasndét here before, and | rearranged t
Student #2lesigned the reception disk in the center with curved lines that works as a
focal point to accommodate the wayfinding, i.e., she used Revit to accommodate the

ergonomics

[Thereis]thefont desk, and thereds a | arge br a
reception desk along with a cirowlar sk
front desk was a mixture of 3d [and other views] because we wanted it to be very
visual |l y st wiskifocal goihthaeea forovisitors due to its strong

circular geometry and the unique design of skylight that echoes with the concept
through he lens. It acts as a grounding point for people within the building to help

find their way if they are lost.

Student #3accommodated the needs of circulation flow by viewing 2D and 3D views

when he developed the lobby area in the ARRD project, i.e.,dteRmsvit to

accommodate the anthropometrics
|l have to develop the | obby]fealthereamubte c aus
be something here. It might be a strong branding wall right here, but this space is

not utilized, but with a door here, so tieghe main flow into the space, so there is
nothing [I] can really put here, so maybe it is just a brandialty w

| was originally going to put a ramp ri
do that because i f | p ulike this weira stgp righb g o L
here by these doors and that wouldndt
altealy so | ow that | couldnét raise it wup

Student #3 accommodated the need for intimate spaces and avoided crowded places in
the restatant, i.e., he used Revit to accommodate the proxefilib& space is having

40-50 people and [with the secofidor] to add another 280 above just seemed a lot of
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people and | didndét think the atmosphere o

peopled

Student #4vorked to reduce the smells and noises that come from the kaclen

permeatehe space, i.e., shused Revit to accommodate the ergonomics
We came up with an idea of building a working kitchen that mocks a restaurant, so
thentheycouldpat i ce a jobéour hall way goes do
kitchen is, and thenmwelorree ggtoa tnrga i to, markc
be blocked off because we dondét want t hi
that are really sensitive the sound.

Student #4 considered people with autism by selecting-gewaite seating to escape

fromnoise,i e. , she used Revit to accommodate th

are fixed, and | want something that they could move, if [the usavs] & party they can

move all of these out and put it into a st

Student #4 accommodated ADA accessipiihd universal design when designing the

mockup apartmentime ASDpr oj ect : fA[ About] the apart men

the bathroom, sbmade a circle representing the ADA circle, and | dragged it around to

see if it fits into corners. Throughailite plan | kind of placed the circle around to see if it

will fit into the plan.o

Student #accommodated the needs of a variety of furnitusetoe different types of

people within the space, i.e., she used Revit to accommodate the ergonomics:
We wantto make sure we include all different types of people on the autism
spectrumSo,we want to provide a variety of different furniture and diffetrtypes

of spaces so that it accommodates the di
going to provide dierent types of seating, different textures, and things like that.
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Student #5 accommodated the needs of the circulation flow and wayfindingstihen
developed the space planning, i.e., she used Revit to accommodate the anthropometrics
and ergonomics
lput [the bar] over here, and | reali ze
would be easy for the empl ogdbkasingfalmov e me
the counter space and the center | wanted to be a tall element to be as a focal point.
Using 2D and 3D views helped student #5 to accommodate the ergonomics by transfer
design elements to functional elements based on the instructor feedbac
At first, I had the gold [metal 6s strip
element, but then [thinstructor] suggested having maybe private dining in [the
gold metal strips area] which | thought would be c&a,my mezzanine was just

going © be up here, but then | needed more space anyway, so | extended it to go
all the way around, and now thigea is going to be a private dining area.

UnexpectedTheme

4.44 SD Theme 4:Design method exploration
The design method exploration them@nunexpected theme thaimerged during the
analysis ofstudentsinterviews.Some students used Revit to exaentheir design
decision. Others used hattien Revit. In addition, some students used hand, then mixed
hand and Revit, then Revit only. Furthereosome students used Revit then hand, then
Revit. Others used hand then Revit, then turned backrg band sketch and then Revit
again.The students reportddur different design methodsf exploration while they used
Revit in the SD phas&igure40illustratesdifferent methods of exploration found in the

interviewsandcan be concluded thtdtere are mandesign method explorations that
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studentanconsider during the design process.

Design method exploration

Hybrid

Revit 1. (Hand > Revit)
2. (Revit =*Hand - Revit)
3. (Hand =>Revit—> Hand —>Revit)

Figure 40. The different kinds of medtl exploration thaare found in interviews.

Student #4ised Revit only in her designx p | o r No {hand sketchds], | did

everything in Revitél work with the floorp
was my main tool fThestuddnereporgedthat usingghe Ravibinteec t . 0

digital sketchwas because the dravgawere more precise with dimensians

| useRevit when | have an idea. For example, [I was] building this staircase. If |
sketch that out [ by Bnge bacausalthe,dimensionwo u | d 1
Revit is probably different than how | would estimatbeiii | was playing around

[using Revit] with how many steps should | have so then this length of entering

would fit into my floor plan and also creating this curve rigatehit took me a

while to figure out and so | used to dimension and detail linesfaijh sketch out

the shape that | want so detailed I|ine

Student #2eported that her design method exploration was using ttte theen Revitii |

think it was a mixture, both [hand and Revit]. [I] would kind oktabout an idea and
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then see how it looks and [I] sketched it out [by hand] and then in Revit [I] tried to see
how to i mplement J[it].o
Student #Xeported that her designethod exploration was using the hand, then hybrid
method, then Revifi [ | Jkinddbi ndhjority hand sketching in the beginning and then [I]
mi xed hand sketching with digital and now
Student #Feported thiaher design method exploration is by using Revit, then hand, then
Revit. Shetraed over the digital view and used he
view, it makes it easier to visualize this
Student #3eportedthat her design method exploration was using hand then Revit, then
turning back taise hand sketch and then Revit again. He described his hybrid design
methodasfia mi xture of wusing Revit and kind of
he described i he used this method in exploring ideas
| try to do it like that [trace over éhfloor plan in Revit]. [In] space planning [I]
want to make sure that [1] have somet hi.
space when [l] go into Revitor [I[fhavesnet hi ng dr awn t oo s mal
nice to have it [trace over the floor plenRevit] so that way you can visualize how
much the | ounge space gabackand fprth betwedns de f
Revit and paper.

Student #3 traced over the mainucture using the blue color and added new ideas by

hand using the red cotor

| traced [the main structure] from my computer [to make sure] that | have [the

drawing to] a scale € the blue is what 0-s
[and] make sure that where columns are and where existing walls are. [This] is the

wayldonoét miss when | 0m s ket c whiletigeblleut . So
i s existing |Iike walls and col umns; it o
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Design Devebpment Phase (DD)

4.45 DD Theme 1:Design decision validity

Using Revithelps thestudents validate their desigrhe students reported that they
could validate their design decisions using a trial and error approach toward executing

their designgee kgure4l).

y

Trial and error 2D/3D views > Design validity

Figure41. The Students usedrial and error approach to validate the design

decision in DD phase.

4.45.1Trial and error.

Student #lvalidated her design decision using the trial and error approach. She validated

the design of the sound baf drgamzingthem ardh e

c

e

experimenting [them]. o0 She also added desi

approach

| fiddled with this upper bar [and] this whole upper dining area last time fo

probably an hour, and my c| dogshsspheduld ke p't

do thato and | was debating that | ike
but it wildl make this thing wor sitel, or

can see whatoés working and whatods no
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4.45.22D/3D views

Student #1validated her design decision using the 3D view and realistic visual style

| think in [The DD phase], Revit really helps me understand how I can use lights in
the space becausgherwise, [I am] never forced to think about sunlight or
dar kneass& young designer whob6és never r e:
|l would say all the perspectives | 0m sh
it looks together.
Student #2/alidated her design decision using the 3D view and realistic visual style. She
reported that she validated what she imagined with what she endeding tdknow if
she reached her goals or not
Thereds not a | ot goi n qritogpeakforitselfwehins p a c e
it so | didndét want the design to be o0\
balance that with it not being boring for people to walk into the space and not see a
lot going on either. So, | still have to edit some oféhasd c hange what 0s
on and so that it seems more interactive space.
Student #%alidated her design decision using the 3D view and realistic visual fityle:
|l ook at [my design] in three different vie

think of something, then | put it in a Revit, then | look at the 3D view to make sure that

itdéds what 10 was i magining.

4.45.3Design validity

Student #lvalidated her materials ratio using Revit

This paneling right here is wood slats, and | had to playtivitbcale of the material

in Reviteée | was able to see how big | w;
space. | mean, that scaled correctly into space. Originally when | brought it in, it

was way too small.
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Student #2eported what happeim thedesgn validity process

It is a process of trying to get to the perfect point that [I] want it to be at, [I] have

to keep fiddlingéprobably four or five
a lot of:@Oh, I like this, but | think it could be bettéi%o, it was just kind 6what

| wanted to do.

Student #3eported what happens in the design validity pracess

[In the DD phase], Revit is a very visual tool that [I] can use and it helps [me] to
realize what [I] can do, instead of have it in [my] head aod [I| am] putting it

into [the] pl ace and [ see] i f t hat act
enhanced [my] perspectives whether [ by]
lighting within the space, details on the walls [such as acoustical panels]

Student #3 reporteldow he validated his design

It was structural things that we wetethinking about when we were doing the
ceiling in 2D [view], but then when [we] put in 3D [view] @e like ®h yeah we
need to have a soffit above here. We didhink about itbecause we visually
couldni see it, but then once we run into 3D [view] tliedglank black space here,
and wére just likedh yealdwe need to add that in.

Student #3 reported the importance of validating the design

| think ités good toverify [the design] because it would have turned out bettés. It
nice to see at least you can say to yourdadfy, | tried all the different options, and
| know that this one is better based on wiéat keen in Revit and done in Rewit.

Student #4validated her degn using Revit

For our ceilings k y | iwg bdilté[a physical] model; after that, we put it into

Revit. Thed | confirm [that] this will work=eés
was playing the height how tall of this length shoulddbave direcsunlight, so

this is kind of too low. Then | moved it up a little bit to have a different effect on

the space. So, Revit helped me to make sure this would work.
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4.46 DD Theme 2:The exploration of details

Using the 2D/3D views in Revit hethe students in the exploration of details. This
explorationmayoccur at any time of the DD phase. The students explained to me when
the exploration of detailsccurred, including during the RCP design, testing materials,
lighting analysis, and detaitkevelopmentThereforeusing Revit helped the students to
explore their details design in 2D and 3D views. This exploration occurred in several
interior design phases. Consequently, thmylatvalidate their design decisions toward

executing their desigfsee Figuret2).

The exploration of details

Design validity

I

Trialand H 2D/3D views I—b
| error

RCP design Testmg L\ghtm_g Details
materials analysis development
Final design
decision execution
Figure42The detail s6 exploration would occu
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Student #1 and student #ported the exploration of details theme tratuored in the

DD phase. Student #1 reportétl: 8 m o n ih theedesmmwhare | need to polish it.

And | need to get the wrinkles out. | want to fiddle with [the design] because what | have
now works; itéds just it rigbawitchnbdebettdh.et t er an
Student #3 reportediRevit is redly helpful when [I] get into picking materials [and]

using the realistic view and switching out fabrics and seeing what works and what
doesndét work so that waegethefullvolune of everytiing,al | y

so thaddés good.

4.46.1RCP design

Student #Xeported that the exploration of details occurred in the RCP design in the DD

phase. She used 2D and 3D views to design the RCP

| created these beamsin my spaceasanc hi t ect ur al featur e,
light on top of them tshine up onto the ceiling to kind of play with how big those
spaces. € | 6ve been playing in draft re

my perspective and my my3Diewsad lotdnoratei ngs é
play with the space. If you noticedadlded these beams. [I] was playing with their

height placement and how many there are and how thick they are (inlthg)ce

€ | have al |l Saoltvas abdtedosakectise timehthen te explore a little

bit more with these beams [in theloe].

Student #2eported that the exploration of details occurred in the RCP design in the DD
phase. She used 2D and 3D views to design the RCP
| fixed thelight ng so that i1tés different, so it

t he s paceélgdrgure but if Illike thenyim this space because right
now, | feel they make it too busy and | want it to be more clean looking.
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Student #2 overlapped thiedr plan on the ceiling to design the lighting layout based on
t he fl oor pl aaverlhyadhg lights so thdi licanade thany an the floor plan
so when | place them, | know how they line up with the furniture and the rest of the

Sspace. 0

Studen #3reported that the exploration of details occurred in the RCP design in the DD

phase. She esl 2D and 3D views to design the RCP

[To design] ceiling elements, these are acoustical baffles, they are called the leaves.
We thought they loadd like footprints. How can we make this space a little more
designed for not the typical ACT and so we werke &0 makat? [These baffles]
opened up the ceiling and made space
how these acoustic drops were different from gustgular panel grid system.

4.46.2 Testing naterials

Student #lused the 3D view, realistigsual style to do material analysis to select the
right materials

Another place | used the paint tool to play with scale was in creating the quiet space
elevation and experimenting: is this bright orange kind of at the foot level? Is that
too intense? Ois that nice? Or what should it be above? Should a field below?
How does that work? It was a nice way to explore different drawers that are going
to comeout (under the seating), and the framing are two different types of wood
materials, and | knew | wéed to use two different materials, but then | fiddled
with, | wanted to be painted? Or do | want metal? or do | want to be two types of
wood? | fiddled wih it maybe for ten minutes, but it was really nice because | could
quickly visualize it and change i

Student #1 used the 3D view and the consistent color visual styédpt her in material
analysis. The consistent color showed her the dominant sih#tue place and helped her
to analyze the proper portion of each material within the whole gpaxEigure43).

| used the consistent color too... to see it but to see where [and] what the majority
of the color in the space iSo, here the majority ohe color is this teal with the
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pop of yellow, and then everything else is neutral. | have to adgd#tk but kind

of using this as a tool to see how my materials are placed because one of my goals
is to make it feel a lot lighter and so by dothgt,| want to make sure | have a lot

of light materials like whites and light tans

e a—

Figure 43. The consistent color visual style was used in material analysis in the

DD phase.

Student #Xeported that the exploration of details occumseinselecting materials in

the DD phase

| appreciated using Revit when | was applying the matebecause of the ability

to make quick decisions and see how the
paint tool where you can put the materials up on the wall pretty easily. | did when

| was putting the materials, and | used that in a realistic petisp view and in

elevation views to decide where | wanted to put the materials and if they looked

good ornot [such as the scale of] some wood paneling.

Student #1 used a O6what i fd6 scenario to se

many colors sbuld be applied within the whole space:

In my lounge, | played the most with placing materials around.wkneanted the
turqguoise blue fl onawhabhédcsawse gt mat dy bas
knew | wanted the yel |fdwantsddheehairs. &troee. I d
time | had it in the entire couch around the pillows, and | used both th&ticeal
view and rendering to pick the right amount of color for the yellow [which] is in
the chairs and proportionate to the blue flooring. Howeten everything else in
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the space needs to be neutral because | did playpmhtit ifomy ceiling was yella
too? But then it was too intense, and so Revit was a good [tool] to play with that
and figure that out, which was really nice.
Student #2eportedthat the exploration of details occurnetienselecting materials in
the DD phase, such as making a congmaribetween different materials using the
realistic visual style and draft rendering
| had some materials picked out that | tested on the realigtiv in Revit to see

which ones | liked the best. And then from there once they were finished | started
doing my renderings to see which ones | needed a tweaked, change, and fix

: because | had several matkeptachanging t hat
ittt |l got it to where | Iiked it éi:
thabs applied to it, so it gives you a rE&

had materials picked out before, and as | was testing them in Reas like, Oh,
| really like how the scheme looks like right now! But when | put it in the space
(withthe whol e context), I was | i ke: Oh, I

Student #3eported that the exploration of details occumdrbnselecting materials

the DD phase, such as making a comparison between different materials using the

realistic visual style
This is me looking in Revit, just looking at the different stone options and seeing
which one. This is the first one that turned out a little reds ®he was closer to
what | wanted. This one just went in the
| got this onelt was a little bit more muted, but itdha lot of different textures in
it, which is what | wanted. | did have different fabric oegf [booths], but then it
was too much pattern, so then | just chose a blue that went good with this\gzhtte
fabric]. It6d | ook good, so | wdhet wi tF
kind of wood elements we wanted on the walls, and so withtRevi we 6 r e easi |
[changing between] paint or [wood] finish.

Student #4eported that the exploration détails occurred when selecting materials in

the DD phase, such as making a comparison between different materials using the draft

rendering
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| am hinking about what type of material can work together and so byirigeep
rendering over annugloading enateriasgirdaoi furnituge. And a
render each process that | do, and if | do not like it, | take it out, put in something
else, and then reedit again in the cloud and so | have been doing that back and
forth and see how it is all coming together

Student #Feported that the exploration of details occundeinselecting materials in

the DD phase

In the design development, when | am stagrtio put materials, [Revit] helps
because | can look at the 3D view and look at draft rendering, so |aes suare

t hat everything is |l ooking goodeée | pl a

furniture and moved them around and saw what looked nice bagtd 3D view,
so | guess | didnodét really know how |
the capet | had it as a dark grey carpet option | was first but then when | put it into

w

the Rivet file and | ook abithéeéoddmuicawg

and | think | needed to warm up the space a little bit and so | changed it to kind
wamer carpets. | [am] looking at the 3D view and putting the materials and did
change the amount of the different materials that | used.

4.46.3Light analysis

Student #Xeported that the exploration of details occurred in the light analysis in the DD

pha®. Sheadjusedthe lighting after visualing the draft rendering

| am in my private dining playing with holbring it to the nextevel.é o nieg t h

|l noticed in my | ast rendering is that

thetilethee, and | want J[users] to be able

with the | ighté [ s uc Hlooaeeient thatriglskup ors o me

somethihngppnder the bar. This is something
to see how it wdks and play with the lighting in the space.

Student #Zeported that the exploration of details occurred in the light analysis in the DD

phase. Sheid light analysis using the 3D view to make a final decision in the chosen

lights.
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|l want to make sure that itds Hlseenght en
a little di m. It ol |l be done based on wh
think it clutters it up a |l otéso I om tryi
wonot make the space | ook as busoye as it
clean | ookingé | was having | ots of pro

Student #3eported that th exploration of details occurred in the light analysis in the DD
phase. She adjusted the lighting after visualizing the draft rendering
The other thing that @ed it with the lights wag type of light. Some of them are

halogen lights, so th&ta very orangelight and | didr@t want thatso | put it on a
warm white which is kind of between having a yellow and blue light so it kind

of gives you thaa mb i e nt feel without being too
ceiling. 16l havegtoao st hgionklmgahoutoehow fl i
up in the coffered or if 1td6s going to

Student #4 reported that thepéoration of details occurred in the light analysis in the DD

phase. She used draft rendering to areatipe natural light that comes from the skylight

For our ceiling skylight, we want it to see how the light effect in a space and we

di dndét wadhatsh] light intd theaspace because this place is for autism
people and t heyodeg el irgehtl | wasretnesd tti hvee st wn
where they dominated the space rather than direct sunlight into the space so we

built [a physical] model shwing how high the ceiling should go up and so we have

a |ight move it i n at @Adter thattwe pueitinthifer e 6 s
Revit] and see if it will work.

4.46.4Details development

Student #Xeported that the exploration of details ocedrin the custom family
design in the DD phase. She used 2D and 3D views to explore and developitaedet

the custom bar ithe ARRDproject

In [the SD phase], the central bar was pretty locked down. | knew | needed the full
bar seating in thapper bar seating, and then kind of this central area has remained
relatively the same. But then in [the DDgse], | really explored what this area is
and came up with this kind of glass showcase of the bottles and further developed
okay how many shelveare there and how talire the bottles, so | guess in
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schematic you come up with the big idea and then ilgdeevelopment you refine
the idea.

Student #1 reported that using Revit allovied toexecue what was in her head and
devel op i tinklthebatarea]ris an aficurate description of what | have in my
mind, and | think [Revit] took what was my mind, brought ibut, and then allowed me

to push it further and explore it further.

Student #1 used 2D/3D views in Revit to explore andldpvwhe details in the custom
designil pl ayed aedmyowrdcustomided deskeéhattiwas inspirgdab
picture that | saw, that was two pieces forming a joint. | used the custom component

model, and | had to explore the void versus extrusiors toob

Student #3eported that the exploration of details occurred in the custom family design in
the DD phaseHe used 2D and 3D views to explore and develop the details in the custom
acoustic panels ithe ARRDproject
[The manufacturing] had a blankra, so | had to take that panel [and] insert [the
chosen pattern], and then | just kind of cut it out wighiad lines. That way, we
could create that effect of these trees and draw nature in. That was one way to [use]
an acoustical material [that] helfmsabsorbnoise.
Student #3eported that the exploration of details occurred in the custom family design in
the DD phase. She used 2D and 3D views to explore and develop the details in the
custom bar inhe ARRDpr oj ect: Al am wo ddtailssghasn puttin

addng shédves in the center island in the bar. And then for the columns, | made it some

hist orical style, so |I added details on the
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4.47 DD Theme 3:Final designdecision execution

Using Revit helpshe studentsn their final design desion The students reported that

they went through a small process toward thal fitesign execution. This process is as

follows: trial and error/ refinement, draft rending, then final decision execution (see

Figure44).

Trial and error/
Refinement

) 4

Draft rending

) 4

Final design
decision
execution

F

Figure 44. The iteration in refinement and draft rendering to execute the final

design deision.

Student #Xeported that she used the trial and error approach to refine her design and

iteration of draft rendering toward the final decision execution:

This isthe first time my lighting is accurate to what | want it to be. A lot of my
and thatos
light on [and] manipulate the light to be the right color temperature or intensity
because eithaérwould be too intense or not intense enough... | sat and fiddled with

this room andjot it until | liked it, and then | went to the next space and got it until

rendering t end

[1] 1

ked

to be

t €1 6ve

I i k e stirapidly prototyping.

very

def i

dar k,

nitely

done

Student #Zeported that she used the trial and error ambré@refine her design and

iteration of draft rendering toward the final decision execution
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There is a lot of tweaking involved with each individual rendering. | caw sioo

all the rendering versions beforedo it
do a lot of trial and error to get it where [I] want to be because colors always turn
out differently, and the | ight mieoeds
the renderingé It was the final reiew

weretotal of six different ones that | went through to get there.
Student #2 reported that to produce a right color in rendering, the design should be
rendered in a d& light then the exposure setting of the picture changed to reach the
chosen colorfiA lot of the light causes drowned out color, so for example, this blue here

was al most black | ooking because it was

Student #2 reported an interesting approach in executing the final design that goes
beyord the discussed process. She szad the design twice using different visual styles

to give the rendering more definition. In the first rendering, she rendered the design with
a realistic visual style. In the second rendering, she rendered in the udexd meé style.
Then she savedeélpicture as a pdf to apply it above the first picture using Photoshop.

This application gives the rendering black borders for more defingmea Figurels).

Final design
Draft rending > decision Layers execution
execution

Trial and error/
Refinement

Y

Figure 45. Student #2 went beyond the iteration in refinement and dra
rendering to e&cute the final design.
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[What] | use a lot in Revit now for my renderings is putting tines from the
[hiddenline visual style] view that has just the lines of the perspective, and | overlay
that over the rendering [realistic view] to give it more definition. For example, if |
wanted to render the sensory space, you would first do aahoemdering and fix
taccor dingly wuntil itdéds where | want it
have it in the realistic view to kind of see the colors in a general sense before putting

it into the cloud to render. After that, | will put it intlke hidden line, and so the

hidden line, everything is white. | usually hide things that will be shaded like the
floors. Then | save it as a PDF and then open thatoshop [because] there will
automatically be no baslgthenyoudanovwyta i t 0|
that onto the image.

Student #3eported that she used the trial and error approach to refine her design and
iteration of draft rendering toward the final decision execution

This is a rough rendering. [l was] trying to play lwihe lighting, and then@a s n 6 t
enough lighting and here was when | figured | had an amount of lighting and then

[I'] can see from this itds not white | i
right balance. | usse kihnd dfanweorkem a nedn dok
well.

Student #4eported that she used the trial and error approach to refine her design and
iteration of draft rendering toward the final decision execution:
| have an idea about the place that it will look like, larin trying tofigure out the
color palette. Color could look different once | apply it in my rendering and so |
can adjust, according to how | wanto look. If | think this yellow is too bright, |

can go back and turn it down to fit with the aesthitat | envision

4.5 Chapter Summary

The findings of exploring the influence of using BIM in the SD and DD phases
areoutlined in four main sections. The first 4.1 sectotiinest he par ti ci pant s ¢
demographic and background. The second 4.2 sestigans the Interior Design Studio

VII IDES 4607 Projectsthe ASD and ARRD projects. The third 4.3 secpoovidesin-
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depth description of the collected data. In the 4.3 sectiore Hulesectionarediscussed

with each student: 4.3.1 The description ofdesign process subsectitinstratesthe

details of the design process with each student. By reading this description, the reader
understansglthe sequential order of the stagedanst udent s6 behavi or
occurred during the design proce$8.2The photos in the design process subsection
illustratethe influence of using BIM/Revit in the SD and DD phases, followetfijoye
keynotes that explain each photo. This sedtielps the reader to understand what
happened in both phases and when Reagused. 4.3.3 The final deliverables
subsectionllustratesthe outcomes of the ASD and the ARRD projects. The objective of
the 4.33 subsections to give the reader a generakml of the outcomen the beginning.
However, this subsectida not part ofthe discussiord.4, the interviews sectiors the

final and most criticasection of this chapter because the discussi@hapter 5 is based

on the emerigg themes from the interviews. Four themes emerged from the SD phase
interviews, and three thememerged from the DD phase interviews. The thetimais
emergedn the SD phasare(1) initial concept development, (2), forms exploration, (3)
human needs acconodation, and (4) design method exploration. The théhads
emergedn the DD phasare(1) ddails exploration, (2) design validity, and (3) final
decision executiorfriguresin this section illustrate the small process or behavior patterns
thatareillustratedn each theme. The final discussion and interpretation of fiteses
create a new eweptual framework that answers the research questions in the next

chapter.
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CHAPTER 5. DATA ANALYSIS AND INTERPRETATION

5.10verview

The purpose of this studyto explore the influence of using BIM in the
schematic design (SD) atige design developnreg (DD) phase the interior design
studio class. The findingaeintended to develop the interior design education discipline
and broaden the perspectiveBIM technology implications in interior desigihhe
understandingf the design process whilsing Revit provides insight on Revit and
interior design educatioim addition, he understanding of this phenomena (what
happens during the desigrnocess while using BIM/Reviprovides a solid foundation

for conducting future research in BIM and theide process.

The data collection methodsedirect observationglocumentatiomf the design
process, and interview$his triangulation princi@ reducethe likelihood of
misinterpretation (Bloomberg & Volpe, 2016). The datscollected from five mterior
design students. lime previous chaptethe datds coded, analyzednd organized by the

research questions and emerged themes, as shdwgure34.

This studysuggests new conceptual framework of Revitthreinterior design
process to falitate the intellectual design work in studigseeFigure47). Introducing
this conceptual framework to the body of knowledge will elevatetiderstanding of the

design process while using Reaitd other BIM applications
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In this chapterthe researddr discusss the themes that emerged, comgdhem
with thepreviousfindings inthe literatureand then tiesthemwith Vygotskyd Zone of
Proxmal Developmentheory (ZPD).

The primary research question is how does BIM influence the design process in
the interior design studiohe o subquestions ar&) how does BIM influence the
schematic design phase (SD) of the design process in the interior design atddip?
how does BIM influence the design development phase (DD) of the design process in the
interior design studiofh this chapter, the rese&egranswerghe two subquestions first
thendiscusss the holistic picturein a developed conceptual framorkto answer the
main question.

In this chapterfour sectionsarediscussedevolution of mutiple stages of design
exploration using Revit in thSD phaseevolution of multiple stages of design
exploration using Revit in thBD phasethe conceptual framework of the evolution of
multiple stages of design exploration using Reatitdthe interpetations othefindings
based orthe ZPD theory.

5.2 Evolution of Multiple Stages ofDesignExploration Using Revit in the SDPhase
Research questionHow does BIM/Revit influence thechematic design phase (S&d)
the design process in the interior dessgudio?This sectiordescribeshe four themes
thatemerged from the studinitial concept developmerthe exploration of forms

human needs accommodatj@nd design method exploratigiseeFigure34).
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5.2.1SD Theme 1l:nitial concept development.

Using Revit in the SD phase facilitates the eddgign decisions and helps in
developing the initial concept. In this study, the students collected project information
and chose the initial concept after the ideation. They then used the 2D and 3D views to
explore and analyze how the design idea lookiinvthe space. This exploration
occurred in four sequential stagesdeation, concept selection, examination, and idea
executiod that led to the development of the design concept within the SD phase (see
Figure 35). This process stadwith ideation then choosing the concept by making hand
sketches or digital sketches using Revit. After that, the examinatisdone by
exploring the concept and visualizing the design using Revit within the whole context.
The examination stage is whearging Revit influences the design process. During this
examination, students wthe iteration approach to refine, develop, and/or change the
concept to execute the final design.

In this theme, the students reported Ravit helps in perceiving thénosen
concept within the whole context. For exam
easy to [see] how [the design idea] aféeltt he r est of the restaurar
discusses that using the ability of visudii@aa provides an opportunity fetudents to see
the idea within the whole context, which allows them to refine the concept and then
execute the design.

Overall,student #2provided an excellent example dbw she developed the initial
concept using ReviShereported  Iiat¥ usuallydo is once | get an idea of where |

want things [by drawing things in Revlttan start to think 'oh’ this might be cool to have
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this here or | can see this being a thirfifudent #2 chose 'progression’ as an initial
concept of the ASD projectShe expbred by hand, then Reydifferent forms that
refleciedthis conceptAfter manyexplorations, the student changed the concept to be
‘through thelens 6 wwasquite a different corept from the first one.

Student #3 mvided another example of how the initial concept was developed. He
chosethree different concepts and had some exploration in each one using hanessketch
Then the student cBeone of them to complete the exploration using Réiet.
developed the concemoreby putting the concept in the context and abstracting it. He
drew different alternative ideas that reflected the conceReuit and switckdbetween

them to exanme themwithin the whole context

The observedctionpatternsof thestudents durigthe SD phasein this themeare
perception, analysignditeration They used their perception to see, read, and grasp the
graphic representation of the project information that Revit prdvitieen, the students
used an analysis approach by thinking askng questions to find design soluten

After that, they used iteration to develop their design

5.22 SD Theme 2:The exploration of forms.

Using Revit in the SD phase elevatiee exploration of spatial form$he
students explorediternativedesigrs in different SD stages, including existing structure,
gpace relationship analysspace planning;onflict identification, and customesign In
addition, after designg the spatial layout, the communication wilie instructobecame

easier beausethe instructomwasableto seewhere and how theleas areimplemented
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within the spaceThus,the forms of the design become more legiahech allows the
instructors to providefficientfeedback and critiquesee Fgure 3&).

Overdl, whatthe stucents didin the exploration o§patialformsareas follows.
First, they drew the floor plan in Revit (the existing structure) to et#atk diagrams.
Revit hel students to figure out the measurers@ifithe existing building and visualize
the actual gace.Student #2 providita good example of how she explosghtialforms
using Revit.

Since the square footage was such a big deal in this design for certaes,spac

needed to put it in Revit to understand how things were going to work because we

could not visualize it on pape®o,having the square footage helped us plan out the
rest of how the shape was going to work and how the flow was going to be in the

space (Student #2).

Second, the students conducted a space relationship analysis. Thel/thante
existing structure (the floor plan) to trace bubble diagrams and analyze the spatial
relationships and adjacencies using hand then digital ®oildbner and Anderson (2005)
defined spatial cognition as the knowledge of the relationships betwegle palgjects,
and space. The students studied the relat:.i
and forms, and space. Thus, using Revit$&lijdents to construct the spatial cognition
during the SD phase. The students examined these relationshiggrecise dimensions
and 2D and 3D viewd.hecomparison of the hand and the digital block diagram
Figure 46 shows that thelationship of thespaces in the digital block diagraaremore

connected wh the space and structure (e.g., column, wimdand doors)Casey (2008)

reported thatusingBIM c ombi nes vi suali zatijoonmn hasd par al
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Figure 46. Shows a comparison of the hand and the digital block diagram.

Third, the students conductegace planning arfdrniture layout Revit hels

students to make wall distribution based on the requirements by using the sqtage fo

annotation toolJohnston (2011) reportédatthe ability totest space layouts e of

the advantages of using BIM/Revithe studergexplored each room layout and then

compared alternatesuntil they made the final design decision

Fourth, tle students conducted conflict identification. Tisisonsistent with

findings from the literature. Leicht and Messner (2007) reported thatiddMifies

conflicts in the early stage (the SD pha¥ghat is not reported in the literatusatis

found in this study is that using BIM/Revit in the late stages (the DD phase) also helps to

validate design decisions as identified later.
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Thestudents usethe floor planview (the 2D view) in conflict identification,
e.g, they used temporary furniture on tthaof plan to identify design conflicts and
examine the capacity of the space. After that, theyigdnfhether thaelected furniture
fit. Student #3rovided a good example afonflict identification. After he designete
furniture layout inthebar zor, a conflict was identified that the bar overlapped with a
column Then, leused a hand sketch to make more alternative furniture tayihe
student worked in the ‘whab$cenario and nue different alternative designro choose
between alternativethe studentested many space layouwtsing the 2D view ifRevit.

Fifth, the students built a custom design that included furniteitngs,
floorings, and columns. Some of the students sketched their idéastpyhen discussed
it with the instrutor for feedback, and then applied it in Revit. Once they applied it in
Revit, a refinement occurred in the measurements, forms, ngitand locations based
on the visual analysis. Student #®yides a good example bbw he created the custom
design bhat developed using Revit. He did 12 hand sketches as alternative designs for the
cabin beams. Then, he narrowed the choices to famative designs to model them in
Revit and examine them within the space to choose the final one. Thus, using Revit
influenesthe SD phase bfacilitating the exploration dditernative designs.

While students developed their custom design, they kepigthg the design
using elevations and 3D views until they were satisfied with the reku#tsmportant to
note thathis process is different from using the design option tool in Revit, which
provides two omore design options fahe sudents tacompare Student #3 was the only

one who used this tool to explore alternative desigfieen student #3 was asked about
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thedesign option during th&SD project the student seemed to have some basic
knowledge about the tool, but he was not sure if tlukitdluencel the design decisions.
The student described it as a Acomplicated
altemative designs. However, student #3 used this tool oAR#RD project
constructing a positive attitude and new knowledge aboug tisis tool that could
influence the design decision. Stine & Hansen (2018) explained that using the design
options tool ehances the design process because it helps the student in the critical
evaluation between different design alternatiie@ddition,no one used the Mass
elements tool, which is another tool for design form exploration, because all students
thought this®ol was complicatedlhis create a negative case as discussed later.

In the end, after all these explorations, Revitlethe design ideas
understandable and readalfest, inthe ASD projectstudents designed several layouts
of floor plansusing Revit and shargdem wth their team members to pick what wedk
in the final decision. Thus, using Revit helped the tearttseASD projectto
communicate with each other and build several layouts to compare and choose the better
solutions. Seaud, using Revit helped the instructor to find design weaknesses and give
efficient feedback. A good example of theds when studert3 received feedback from
the instructor aboutising a fireplace to be seen in a crowded restaurant environment.
The handsketch of the fireplace idea was good. However, when this idea was executed in
Revit, the instructor noticed problem and explaingd the student that the location of
the fireplace based on the restaurant culture was not right. 3|l yet important

detailwasnoticed and fixed using Reuvit.

143



EXPLORING BIM AND THE DESIGN PROCESS IN INTERIOR DESIGN PEDAG®G

Using Reuvit in the early stage of the SD phiaswitical because it allows
delivering alegibledesign idea within the whole context. Thus, studestsivefeedback
from otherghat allow them to learn froiteir mistakes.

Using Revit help studens construct their design skilend gatial abilityin
critical evaluation of spatial relationshigpace planninggnd alternative ideas for
problemsolving. Thisis consistent with findings from the literatui2ong and Gibson
(1998)reporedthat using a computer program in an education setting erhtiree
critical evaluation of spatial relationships and produces alternative ideas for problem
solving. Hennessy and Murphy (1999) reporthdt nteractions witt2D and 3D models
allow form and function to be testaddproblems to be explore®enzer andHedges
(2008) reported th&7%of architecture studenfe=3 0) agr eed t hat Bl M 0
their understanding of form and space by working in one 3D model da&floa3).

The observedctionpatternof the students durintpe SD phase, in thikeme,
aremeasuringanalysisiteration and communicatiarStudentsiseda measuring tool to
measure the space footage and diben,theyanalyzed the relationshigetween spaces,
forms, and circulationgfter that, they used iteratidn explore foms with the spatial
design.After forms exploration, they creata solid design that theyereready to share
with othersbecause the spatial design forms had beconre amolerstandablésibson
(2007) andGerberandLin (2014)reportecthatdesign iteratin overridesabitual
thinking. In Revit, the tudents explore ideassing the 'what if' scenario.sAGibson
(2007) identified the purpose of this exploratigto overide habituathinking while

constructing a design method.
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5.2.3SD Theme 3:Human needs accommodation.

Visualizing the space in 2D and 3D heftudents accommodate functional
analysis thahelpsto accommodate human neddse Figure39).

During theASD and ARRDprojects, tle students tried to accommod#ie ADA
accessibility, universal desigthe user movements (ergonomics), human interaction
(proxemics), an@nthropometris For example, student #1 used Revit to accommodate
the ADA accessibilityfor the usemwhile designing the restaurant projeghe came up
with the idea of putting the bar on a ramp so ADA users could get the same level as the
rest of the batop. She used the measurement and 3D modeling to build her idea using
Reut.

Another ekampleis thatstudent #2 considered the need for-gihtity by
applying it as a concept indhrestaurant project and allowiagists to express
themselves. Sheorked on many ideas and built theémRevit b accommodate these
needs However, human rexls accommodation could vary based on project users, size,
and type.

The students used multiple views (floorplan, elevation/or section, 3D views, and
camera view) to explore their design. Revit provides information about the building
modelng design thainforms students on how timassenteract with users in the space.

The students reported that seeing design elements through space gave them a
sense of howhe spacevould befelt. In addition, the ability to read the information in
thefloor plan, dmensions, furniture layout, and space relationship creagedudationof

a live situation in the space. Student #4 provides a good example of showing how she
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accommodai@human needs in space planning. She accommodated the ADA
accessibilityand universatiesign inthe ASDp r o | e lwout]:the dprénent,[had]
trouble doing the bathroom, so | made a circle representing the ADA circle. And |

dragged it around to see if it fits into corners throughout thedlan.

5.2.4SD Theme4: Design method exploration

Thisis asignificanttheme Different design methodsreidentified inChapter 4in
that each student had his/her desgjrategy Is there atrategybetter than others2uo
and Mal on e B stadgcheatsan (ng2edstadingthatthe hybrid mettod is
better than the hand methddudents who used the hybrid technique sadtkigher on
student learning and design thinking than students wiebtheénand technique only
(Zuo & MaloneBeach2010) Based orzuo andMa | o n e Bfiadingshubuse studie
should be conducted to compare different design metlibdis using BIM This study
doesnot discuss which methas better;it simply informs the readerghatmore than one
methodand strategyn the design explorain could be usedhile using BIMReVi.

As identified in Figure40, therearetwo methods that would be used during the
exploration by using Revit or a hybrid method. In the hybrid method, &neteree
alternativestrategieghat the students used to explore their design: tlemRevit, Revit

thenhandthenRevit, and hanthen RevitthenhandthenRevit

5.2.4.1Reuvit.

Two students used Revit to sketch their ideas digitafpre buildinghem
Student #4lid a digital block diagram using Rev&@he alsaised the detail line totd

sketch her idesg then, she built them usitige family inplacein Revit. In addition,
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student #5rew bubble diagrams then floor plan prototypes using RBvi$.studentalso

explored space planning using a detail line tool as a digital sketch.

5.2.42 Hybrid.

Hand4 Revit Student#1 drew the ideas usingand sketches and thehose the
best idea talraw using Revit Student #3ketchedL2 alternative forms for the cabin
beams. Then, the student narrowed the choices t@f@unativedo model in Rvit and
examing the forms within the space to choose the final one.

Revit4 Hand4 Revit Student #2 drew the existing structure in Revit. After that,
the student printed the floor plan to trace the bubble diagrams and analyze the spatial
relationship an@djacencies using her hand. Then, she dineviloor plan using Revit
The reason behind using Rettien the hand is because Revit provides precise
dimensions and ratio of the spaces for the bubble diagram

Hand4 Revi4 Hand4 Revit.Student #3 made éblock diagram first by hand,
then Revit. After that, he built the existing structure and initial design solution using
Revit. Then he trackover the floor plan using blue color and add new design using
red colorby hand Student #3 designed two ahative designs for the bar by hand. Then,
he builtthemin Revit using the design optistiool. After that, he built third option
using Revit only by combining previous ideas.

Student #3 reported an important hybrid approach that emshoulcconsder.
Blueis used to draw the existing structure or idea, andsraded to draw the exploration
idea.This gves more depth in the ideation and facilitates the dialogue between the brain

and pape(Sawyer,2012).
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Gerber and Lin (2014Eportedfactors hat influencegeneratinglesign
alternativsareit he i ndi vi dual s i niti al desi gn,
strategies ( p .Gerbesand Lib s st u dsyn whdenstendirg phat these
different methods influence the generating desiggrnatives.

Students #12, and3 used hand to dvathe bubble diagras) while students #4
and 5 usedRevit to explore the zones of activities. Then, student®#ind 3 ued
hybrid methods, whilstudents #4 and 5 used Revit to explbesactivities location. All
students used Revit in proportional sizes of the adjacency because theytodes

precise in their measurements.

5.2.5Summary of SD phase themes.

Using Revi in the SD phasprovidesdifferentviews representations (2D and 3D
views) and accurate measuremsrih the existing structure. Thielps students to
explore alternative design addvelop the conceptpatialforms space planning, and
conflicts identiication. The students used different design methods, wikichnsidered
theunexpected theme during their explorations. In addition, BIM/Reskies the design
idealegible which helgin human needs accommodation and design communication.
The SD phase themes tlaefound in this studpuppat Gerber and Lin's (2014)

findingsthatusing BIM helps students to explore alternative design.

5.3 Evolution of Multiple Stages of Design Exploation Using Revit in the DD Phase
Research questionHow does BIM/Revit influence the design development phase (DD)

of the design process in thaerior design studin this section, three themdssign
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decision validity, the exploration of details,dafinal design decision executiaine

discussed based on the finding from Chapter 4.

5.3.1DD Theme 1:Design decision validity.

Using Revit in he DD phase facilitates the design decision validity process.
During the exploration of details, the students used the trial and error approach, which
helped them develop the design solutionthe DD phasethe students tested the chosen
materials and ght. Thenthey did draft renderingnd kept exploring mor® validate
their choics. This finding suppostZarzyckid €010)studythat the use of BIM helps
students to validate their design implementation. In addition, this finsigignilar to
whatDenzer and Hedges (2008) repordidlat BIM helps students to constdy assess
their work Student #3 e p o rl thiekdt's godd to verify [the design] because it would
have turned out bettdt's nice to seeAt least you can say to yourself, 'hey,ie¢drall the
different options, and | know that this one is beteersbe d on what | ' ve see
Denzer and Hedges (2008) reportiedt BIM helps students to constantly assess their

work (see Figuretl).

The observedctionpatterns that the studentsl dluring the DD phase in this
themearetrial and error, perceptig and validity Studentaused trial and error for details
developing exploration. Then they reviewed the 3D modeling representation. After that,
they used rendering to validate their desigdsion. Student #2 defined the DD phase as

Aa pr ocreysisngoft o get to the perfect point. o
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5.3.2DD Theme 2:The exploration of details.

Using Revit in the DD phadacilitatesthe late design decisions by exploring
details. The students explaingt details exploration occurred in the RCP design,
testing materials, lighting analysis, and details developf(seet Figurei2).

The students designed the RCP in the DBsghusing a trial and error approach by
visualizing the ceiling desigelements through the 3D view. For example, student #1
explained what she did in the ceiling desifplacing [ceiling design elements],
organizing them, and experimentingith them]6 Student #3 also described that using
Revit allowed visualizing the défences between two ceiling elements, such as the
regular ceiling panel and the acoustic drops.

The students kept changing and testing materials, colors, and lighting
configurations taeach satisfactory results. Thésconsistent with Johnston's (2011)
studywhich reported that the ability to test materials is one of the advantages of using
BIM/Revit. The students tested materials by applying them in the space and wigualiz
them usng a realistic view. For example, student #3 tested different texiftistsnes for
the hearth wall covering using a realistic view. In addition, the students explored the
locations, textures, and portions of the materials within the space. The trexrand
approach and realistic vieareused to find the best materiakttibution within the
space.

The steps that occurred in testing materials while using Revit are exploring
different selected materials in the realistic view, choosing the best nsatenmapanion,

and starting rendering. PR Newswire (2008) and Stine Bsklia (2018) reported that
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Revit enables the use of materials for simulating more accurately and providing cost and

manufacturing information. The materials in the 3D modediragllustrated in a real

ratio and interact with artificial lights, daylightsydaspatial desigrwhich encourages

more logical decision making. An example of how the studentsddgterent materials

provided bystudent #3vho reportedfil played aroundvith the materials and also looked

at furniture and moved them around and sdwat looked nice based on the 3D view, so |

guess | did not know how I wanted it to be
The students did detail development in the space laifyiog custom design

shape, | ocation, or c ol[thebarare8§isamdaecarate # 1 r ep o

description of what | have in my mind and | think [Revit] took what was in my mind,

brought it out, and then allowed me to push it furtherandexpé it furt her . 0
5.3.3DD Theme 3:Final design decision execution.
Even thaigh Revit haphoto realistic rendering capabilitighis technology

needs several extra steps that should be done by students to reach an adequate rendering.

Thestudents hatb modify some details in exposure or darkrefdgyht settings in the

rendeing to reach better resulfBhe same processccurred with all students to execute

their desigs, as seen ifrigure44. However student #2 went beyond this procHsat

shouldbe considered by instructofShereported an interesting approach in exegutire

final design(see Figurél5). Her rendering approadhto render two pictures for each

perspective scene. The first rendering is in a realitical style, and the seadn

rendeing is in a hidden line visual styl&heusedpostprocessing in Phoshopto put

the final touch on the rendering by laying down the second picture on the first picture,
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which gave black edges to the perspective that was rendered in the realistic visual style,

whichgave Ait more definitionodo (student #2).
Instructors camakestudents aware of the 'final design decision execution' stage

and how they have to consider an iteration approach. Some students think that to reach a

perfect scene of their design, thdick the render command in Rendind Revit will

represent theealdesign. However, studentsustbe aware that to reach good results in

rendering, thg have to do the final design decision execution process.

5.3.4Summary of DD phase themes.

Using Revit in the DD phase prowsla visual illustration of 3D modelghand
simulation of virtual reality that hefistudents to explore and develop design detalils,
including the RCP, materials, and lightirgjudentscoulduse the trial and error approach
during their exploration. In addition, Revit helgtudents to condta series of

renderings to reach the final design execution.

5.4 The Conceptual Framework of the Evolution of Multiple Stages of Design
Exploration Using Revit.

Research questionHow does BIM/Revit influence thaesign process the
interior design stdio? In this section, aew conceptual frameword Revit inthe
interior design process developed based on the findings. The design prasess
identified asa systematic approadly NCIDQ (2004, and the findings of this study
revealthatthis systemat approach becomes a moretitist evolution of multiple stages
of design exploration usingIM/Revit in the SD phasand the DD phasdhe simulation

of reality through using camera view and rendeimpgrovethe ability to make a critical
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analysis anditen make an efficient desigiecision.The answer to this research question
is thatusing Revit during the design procéssoduces a uniqugystematic approach that
has resulted ia new conceptual framewodf Revit intheinterior design process.

Thisframework answers one of Denzer and Hedges (2008) chedliendesign
education using BI M. D e n Aeriggaest ahalléhgedog e s (2 0
design instructors is that BIM demands new teachinfproett s € by i ncorporat

aprocessandho a t d)ol o (p.

The new conceptual framework of Revit in interior design process (Yanksari, 2020)

Programming Schematic Design (SD) Design Development Final
—_— — —_— .
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Early design decision Late design decision

l l l l 1 l

Final design
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v ' v I M
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selection structure needs and Revit Trial and error RCP design error/
| functional Refinement
' Space nalvis v I
) relationship using Hybrid ) Draft
Ideation el views v 2D/3D views Testm.g rendering
¢ I I materials
v ¥
ADA I . .
Space planning . Final design
Examination ac?essmhty a_‘"d . lidi Lighting decision
universal design Design validity
¢ I g analysis execution
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Conflicts |
s cesmkn identification Ergonomics . Layers
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Color key legend

A Early design decision, Schematic Design
Overlapping stages depicted with similar colors

Overlapping stages depicted with similar colors
Overlapping stages depicted with similar colors

Overlapping stages depicted with similar colors in late design decision

n B W N =

No overlapping occurs

B Late design decision, Design Development

-

QOverlapping stages depicted with similar colors
2 No overlapping occurs

Figure 47. The new conceptual framework of Revithainterior design process; the
evolution of multiple stages of design exploration using Reuvit.

In Figure47, the stages of the themes where overlap iscate represented with
the same colof-or examplethe exploration of formsould ocair in theexamination
stage of the initial concept development. In addition, the design method exploration could
be usedn the ideation stagén the initial concept deslopmentandin the initial
structure stage. Moreovehe accommodatioof human nedgs canoccur in the thirdo

fifth stages of the exploration of forms
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The Design Process before using Revit (Guerin & Martin,
2010; Cline, 2014; Slotkis, 2017).

The Design Process conceptual framework after using Revit (Yanksari, 2020)

Contract
Programming Schematic Design (SD) Design Development documents
— .
phase phase (DD) phase phase/Final
presentation
2 ¢ ¢ 12
E:a:lcge::ts and The design Com mu.nicat'mg Building codes
parti sketches concept the des'f"
illustration
! through forms
9
2 5 Details works
Mood board
Draw
preliminary 1
I, sections,
elevations, and . 1o
3 perspectives Finalize color
Bubble choices &
diagrams materials
(-]
FF&E 1
l 11
FF&E
7
Materials

Figure 48.The comparison of the design process before and after usiig R

Programming Schematic Design (SD) Design Development Final
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Early design decision Late design decision
1 3,4 B 5 10 2 Final design
Initial concept The exploration Human neads Design method Design decision —+The exploration decision
development of forms accommodation exploration validity of details execution
¥ ¥ + v [ - v
c tz The existing The space needs Revit . Trial and error/
oncep structure and functional Trial and error RCP design Refinemnent
selection analysis
¥ Space N v T v
relationship using 20/30 ¥ oraft
views Hybri N
Ideation analysis _ . vorid 2D/3D views Testing rendering
6 materials
' ADA ¥ :: ¥
Space planning accessibility and Final design
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analysis execution
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v Details execution
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Custom design
v Proxemics
L2
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# * Where the old design process stages occur in the new conceptual framework
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Figure48illustratesthe differences that occur in the SD and DD phases before
and after Revit and represents where the old design process stages occur in the new
conceptual framework:hese distinct stageseconsidered the range of possibilitibat
using Revit providesotthe design procesk addition,using Revit shif the design
process tasks to new positioRsirthermorethe different design drawings such as floor

plars, sectios, and elevatiosare generated automatically while using iRev

Before using Revit, ithe SD phase, students develop design concepts and parti
sketches, mood boards, and bubble diagrams. They also identify and locate zones of
activities, illustrate the basic design concept through forms, draw preliminary sections,
elevations, and perspeats, and select FF&E and materials (Guerin & Martin, 2010;
Cline, 2014; Slotkis, 2017). However, after using Ravthis studythe studentglothe
following in the SD phasel) The initial concept developmerthrough concept $ection,
ideation, examinain, and idea executip@) The exploration of formsyhich makes the
design idea understandable and readdintigh the existing structure, space relationship
analysis, space planning, conflicts identification, and custommjegigtdiuman needs
accommodton, through space needs and functional analysis using 2D/3D views, ADA
accessibility, and universal design, ergonomics, proxemics, and anthropemtric

Design method exploration, through Revit and hybrid appesach

As a result, Revit significantlynfluences the design process. This influence is
that using Revit turns the design process the evolution of multiple stages of design

exploration.
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5.5 Interpretation of the FAndings Based on theZone of Proximal Development
(ZPD) (Vygotsky, 1978)

5.5.1 The Zone of Proximal Development.

To achieve highguality analysisit is important toaddress alternative
interpretatios of these resultbased on the ZPD theofgreswell, 2014; Yin, 2014 he
ZPD learning theorys applied in tls study to interprethes t udent sé desi gn k|
during the design process when BIM/Rasititilized. In this study, he students
experienced an opeandedaskby designing the projects during the seme(&ee Figure
49). They gained the actual ddgpment zone througtihestudiod ebjectives| speculate
that when studentollaboratewith Revit to develop their design, a higher cognitive
process is elevatgdee Figure 50 Gredler & Shields (2008) reported thiga] higher
cognitive process redslfrom the development of new ways of thinking based primarily
on some syst®¥Damtowsthagstudeotseyelopa new way of

thinking while exploring design ideas Revit that leads televating thenigher cognitive

Schematic Design (SD) : Design Development (DD) Schematic Design (SD) | Design Development (DD)
' I 3

Perspectives / Elev:

process.

Figure 49. Examples of the students' experiences in design projects.
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Zone of actual development: The objectives of the Interior Design Studio VI

Zone of proximal development is elevated in the SD

Zone of no development:
and DD phases

lacking motivation
when the students did not use the mass
element in the exploration of forms

The Zone of Proximal development of the Interior Design Studio VIl adapted from (Vygotsky, 1978, as cited in Taber, 2011,p.51)

Figure 50. The Zone of Proximal development of the IntebDesign Studio VII adapted
from (Vygotsky, 1978, as cited in Taber, 201B1).

As identified in the literature revievihe higher cognitive processes include
categorical perception, conceptual thinking, and logical meig@amgdler & Shields,
2008). The higher cognitive processesfound in different emerged themes. First,
categorichperceptions foundin theexploration of formstheme The studentaereable
to define the characteristics of the chosen conaepke exploration of formsStudent
#2 reported

We would talk about an idea and then see how it looks and sketchedriidotlien

in Revit tried to see how tonplement it. For the sensory space we're thinking of

having this circular window kind of looking through the one lens idea again, so
understanding how that translates within the space and 3D [view] is very helpful
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Second conceptuathinking is observe in theinitial concept development
theme.The students compared and contrasted the chosen concepts and applied them in
their design projectsStudent #3eported

Some of the things that [I] explored was a spacemtay within a room so [l]
would do alayout and then would take that outside of the room and do another
layout and then compare and contrast which layout [1] like better.
Students #1 and2 reported that Revit hedpn perceiving the chosen concept witlihe
whole context. Student #1 saidin] Revit it was very easy to [see] how does [the design
idea] affect the rest of the restaurar@tudent #2 saidil usually sketch little chunks of
the design that | want in [the design project]. Once | staringuitt [Revit], | am like,
6oh, ot a&vanmn that, or | do I|Iike this.o
Third, logical memoryis observed in the exploration of detail$e students
achieved the final design decisions through conduatedi/sis incomplex relationships
amongthe selectedlesign objectsStudent #1 used thé3view, realistic visual style to
do material analysis to select the right materials
Another place | used the paint tool to play with scale was in creating the quiet space
elevation and experimenting: isthisbrightange ki nd of aw t he
| wanted to use two different materials, but then | fiddled with, | eaittto be
painted? Or do | want metal¥ do | wantit to be two types of wood? | fiddled
with it maybe for ten minutes, but it wagce becase | could quickly visualize it
and clange it.
The design process changed by using Revit, becoming a more distinct
systematic approacRevitallows students to explore, develop, and refine the design

solution during the design process efficientiyckey et al. (2000)eportedthat using

computer tools facilitates learning and extends the zone of proximal developimest.
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using Revit in the desigorocess hekpthe studentslevatethar ZPD level andbe more

productive and thoughtful in design deciss.

5.5.2 Negative case.

In Chapter 2, the ZPD assumptiaared i scussed. I n this chapt
focuson the third ZPCassumption by Chaiklin (2003he potential assumption, which is
the readiness to learn without feeling frustration sslof motivation. When the learner
loses motivation, there will be no development (the third zone of the ZPD model) (Taber,
2011).Int hi s st ud yagpinitntowardthée Mass elentest toalasthat using
this tool caused frustratioBerwald (2008iscussedhe same problenthatarchitecture
studentdacedin creating an object from scratch in Revit which recénme advanced
skill using Revit.Therefore, the zone of no development occurred somewhere in the
exploration of formsBased onthisanadyi s, it i s critical that e
potential toward using this tool and create external and internal motivatieptthem

achieve the ZPD zone while using this tool in exploring forms.
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