
ViVXYal RealiX] DeWigR QYaliX]-Check TSSl fSV ERgiReeViRg 
PVSjecXW 

Fábio Matoseiro Dinisǡ fabiodinis̷feǤupǤpt 
CONSTRUCT-Gequaltec,	Faculty	of	Engineering	(FEUP),	University	of	Porto,	Porto,	Portugal	

João Poças Martinsǡ jppm̷feǤupǤpt 
CONSTRUCT-Gequaltec,	Faculty	of	Engineering	(FEUP),	University	of	Porto,	Porto,	Portugal	

Fernanda Sousaǡ fcsousa̷feǤupǤpt 
CITTA	-	Centro	de	Investigação	do	Território,	Transportes	e	Ambiente	(Fundação	para	a	Ciência	e	a	
Tecnologia	–	University	of	Porto/Univeristy	of	Coimbra)	

Bárbara Rangelǡ brangel̷gcloudǤfeǤupǤpt�
CONSTRUCT-Gequaltec,	Faculty	of	Engineering	(FEUP),	University	of	Porto,	Porto,	Portugal	

Ana Sofia Guimarãesǡ anasofia̷feǤupǤpt 
CONSTRUCT-LFC,	Faculty	of	Engineering	(FEUP),	University	of	Porto,	Porto,	Portugal	

Alfredo Soeiroǡ avsoeiro̷feǤupǤpt 
CONSTRUCT-Gequaltec,	Faculty	of	Engineering	(FEUP),	University	of	Porto,	Porto,	Portugal	

AbWXVacX 
The recent adoption of Virtual Reality ȋVRȌ interfaces linked with Building Information Modeling 
ȋBIMȌ has appeared as a means to support the participation of professionals with extensive 
experience when operating in BIMǦbased work environmentsǡ regardless of their practical BIMǦ
modelling skillsǤ As suchǡ this paper aims to verify the existence of a significant difference between 
the number of designȀmodelling errors recognized when complementing the use of conventional 
systems ȋiǤeǤǡ BIM toolsȌ with immersive VR environmentsǤ 
The study employed a quantitative comparative approachǡ and statistical analysis was conducted 
through a nonǦparametric testǡ Wilcoxon Signed Rank TestǤ 
Results show that the number of modeling errors detected after the test of the two interfaces 
ȋtime factorȌ was statistically significantǤ Alsoǡ it was possible to conclude the existence of 
statistical evidence in the identification of a greater number of modeling errors when participants 
first tested the BIM authoring tool and then the VR interfaceǤ 
 

Ke][SVdW: Building Information Modelingǡ Virtual Realityǡ QualityǦcheckǡ Usabilityǡ Wilcoxon 
Signed Rank Test 

 

1 IRXVSdYcXiSR 
Despite the recognized reluctance among the agents of the Architectureǡ Engineeringǡ 
Construction and Operations ȋAECOȌ sector regarding the acceptance of new technologies and 
innovations ȋNing Gu Ƭ Londonǡ ʹͲͳͲȌǡ largely due to the fragmented nature of the industry 
ȋJohnson Ƭ Laeppleǡ ʹͲͲ͵Ȍǡ the trend towards digitization is a phenomenon that is transversal to 
most sectors of industrial activityǤ In factǡ in recent yearsǡ the AECO sector has been gradually 
adapting to Information Technologies ȋITȌǡ showing favourable results in areas such as 
maintenance ȋCosta et alǤǡ ʹͲͳͷȌǡ projects information management ȋGheisari Ƭ Irizarryǡ ʹͲͳ͸ȌǢ 
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decision making and revision process ȋvan den Berg et alǤǡ ʹͲͳ͹Ǣ Duǡ Zhengboǡ et alǤǡ ʹͲͳ͹Ǣ 
Dunston et alǤǡ ʹͲͳͳȌǢ training of work teamsǡ safety and quality ȋAzharǡ ʹͲͳ͹Ǣ Lee et alǤǡ ʹͲͳͶǢ 
Sacks et alǤǡ ʹͲͳͷȌǢ among many othersǤ 

The implementation of IT has fostered rather disruptive changes in how the AECO sector 
operates by contrast with more traditional methodsǤ For instanceǡ the adoption of the Building 
Information Modeling ȋBIMȌ methodology drives the sector towards a more digital and integrated 
approach to the life cycle of construction projectsǤ Additionallyǡ initiatives carried out by public 
authorities and government bodies foster and specify requirements for BIM use in public 
procurement ȋGhaffarianhoseini et alǤǡ ʹͲͳ͹Ǣ Smithǡ ʹͲͳͶȌǤ Howeverǡ BIM adoption rate has been 
realized slower than initially anticipated ȋAlreshidi et alǤǡ ʹͲͳ͹Ǣ Howard et alǤǡ ʹͲͳ͹Ǣ Walasek Ƭ 
Barszczǡ ʹͲͳ͹Ȍǡ possibly reϐlecting the current lack of awareness of the advantages and 
clariϐication of the responsibilities of each stakeholder ȋNing Gu Ƭ Londonǡ ʹͲͳͲȌǢ signiϐicant 
investment in trainingǡ formation as well as software and hardware requirements 
ȋGhaffarianhoseini et alǤǡ ʹͲͳ͹Ǣ Plesner Ƭ Horstǡ ʹͲͳ͵Ȍ ȋLiu et alǤǡ ʹͲͳͷȌǢ lack of conϐidenceǡ 
motivationǡ knowǦhow and difference in skills towards BIM ȋAlreshidi et alǤǡ ʹͲͳ͹Ǣ Walasek Ƭ 
Barszczǡ ʹͲͳ͹Ȍ as well as the reported steep learning curve of some of the tools ȋOlawumi et alǤǡ 
ʹͲͳͺȌǤ Henceǡ the need for adaptations and more supportive technologies emerges as a way to 
improve collaboration and inclusiveness amongst all partiesǤ As advocated by Kerosuo et alǤ 
ȋKerosuo et alǤǡ ʹͲͳͷȌǡ there is a demand for developments able to leverage BIM towards a more 
ϐlexible range of technologiesǡ more focused on the people and their tasks within construction 
projectsǡ thereforeǡ boosting the technology acceptance by all teams and stakeholdersǤ 

In recent yearsǡ scientiϐic research on VR applications to the AECO sector has been showing 
positive results in the various phasesǡ processesǡ and tasks of a construction projectǤ Several 
examples can be seen in areas such as realǦtime interaction with BIM modeling toolsǡ namely at 
the level of Design ȋDinis and Poças Martinsǡ ʹͲͳ͸Ǣ Du et alǤǡ ʹͲͳͺȌǢ Design reviewǡ Maintenance 
and Communication ȋDuǡ Shiǡ et alǤǡ ʹ Ͳͳ͹Ǣ Dunston et alǤǡ ʹ ͲͳͳǢ Yangming Shi et alǤǡ ʹ Ͳͳ͸ȌǢ Acoustic 
Comfort ȋIachini et alǤǡ ʹͲͳʹȌǢ SafetyȋAzharǡ ʹͲͳ͹Ǣ Sacks et alǤǡ ʹͲͳ͵ȌǢ Engineering Education 
ȋDinisǡ Martinsǡ et alǤǡ ʹͲͳͺbǢ Messner et alǤǡ ʹͲͲ͵ȌǤ Neverthelessǡ given the diversity of VR 
interfaces developedǡ the difference between the methodologies used to validate the potential 
beneϐits of this technology becomes increasingly evidentǤ No case was found in the literature 
regarding a holistic methodology that allows the validation of VR interfaces in the AECO sectorǤ 
Howeverǡ it is imperative to stress the work of some authors in the ϐield of usability assessment 
methodologies ȋDinisǡ Martinsǡ et alǤǡ ʹͲͳͺbǢ Paes Ƭ Irizarryǡ ʹͲͳͺȌǤ  

This paper will focus on the role of BIMǦbased immersive VR environments developed for 
applications in the AECO sector as well as the evaluation process of one of the components of 
usabilityǡ efϐicacy ȋǲISO ͻʹͶͳǦͳͳ Ergonomics of humanǦsystem interaction Ȅ Part ͳͳǣ Usabilityǣ 
Deϐinitions and conceptsǳǡ ʹͲͳͺȌǡ in the particular case of recognizing modeling errors in 
construction projects using different technologiesǤ In detailǡ comparative tests were performed in 
order to answer the questionǣ ̶Is there a signiϐicant difference between the number of 
designȀmodeling errors recognized when complementing the use of conventional systems ȋiǤeǤǡ 
BIM authoring toolsȌ with immersive VR environmentsǫ̶Ǥ The methodologyǡ test plan and results 
of a case study are presented in later chaptersǤ In particularǡ the methodology and procedure used 
are presented in Chapter ʹǤ Data analysis and results of the case study are described in Chapter 
͵Ǥ Chapter Ͷ presents the conclusions and recommendations for future workǤ 

2 MeXhSdSlSg] 

2.1 TeWX PlaR 
In order to assess the usability of a system ȋor interfaceȌǡ it is necessary to refer to the domains 
to be evaluated and their respective adaptations to a particular case studyǤ For the purposes of 
this articleǡ some of the principles and methodologies used in usability evaluations will be 
consideredǤ Moreoverǡ assessing usability as a composite concept ought to comprise balancing 
the weight of the different domains that compose itǡ as in a summative evaluationǤ  
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ISO ͻʹͶͳǦͳͳ ȋǲISO ͻʹͶͳǦͳͳ Ergonomics of humanǦsystem interaction Ȅ Part ͳͳǣ Usabilityǣ 
Deϐinitions and conceptsǳǡ ʹͲͳͺȌ states that usability is a concept composed of several domainsǣ 
effectivenessǡ efϐiciencyǡ and satisfactionǤ On the other handǡ several authors propose additional 
aspects to deϐine this concept ȋAbran et alǤǡ ʹͲͲ͵Ǣ Dix et alǤǡ ʹͲͲͶǢ Jakob Nielsenǡ ͳͻͻ͵Ȍǡ making it 
difϐicult to obtain a unanimous deϐinitionǤ Howeverǡ for the immediate effects of this studyǡ only 
the efϐicacy domain will be gaugedǤ Additionallyǡ Nielsen ȋJakob Nielsenǡ ͳͻͻ͵Ȍ states that a test 
plan should be developed in advance to conduct a usability assessmentǤ  

Table ͳ includes ͳͶ of the main ͳ͸ issues that a test plan should include as recommended by 
the authorǤ The remaining ʹ items were not considered in this assessment because they relate to 
the response time of the systemsȀnetwork and the criterion for afϐirming the success of the 
interface related to previously set usability goalsǤ 

 
TabPI 1. TIWX PPaR 

Item	 Description	
ͳȌ Test goalǣ What do you want to 
achieveǫ 

Determine if there is a signiϐicant difference 
between the number of designȀmodeling errors 
perceived through more conventional solutions ȋiǤeǤǡ 
BIM authoring toolsȌ and immersive VR 
environments 

ʹȌ When and where will the test take 
placeǫ 

Tests will be carried out during the period of one 
week These will take place in a Higher Education 
institutionǤ 

͵Ȍ What is the expected duration for 
each test sessionǫ 

Each session will have a maximum estimated 
duration of ͵ͷ minutesǤ 

ͶȌ What kind of computer support will 
be neededǫ 

HTC Vive Head Mounted Display ȋHMDȌ and 
Desktop computer that complies with the minimum 
requirements for the HMD and for the Game EngineǤ 

ͷȌ What software must be prepared for 
the test to take placeǫ 

The game and Autodesk Revit BIM modeling tool 
must be installedǤ 

͸Ȍ What should be the state of the 
system to start the testǫ 

The system should be close to a ϐinal version since it 
will be gauged in comparison to a BIM authoring 
toolǤ  

͹Ȍ Who will the test experimenters beǫ The test will be monitored by the developer 
ȋprogrammerȌǤ 

ͺȌ Who will be the participantsǡ and how 
will they be selectedǫ 

Participants will be users with an academic 
background in Civil Engineering and previous 
experience with BIM modeling toolsǤ As suchǡ 
participants with some geographical proximity or 
connection to the institution where the tests will be 
taking place will be part of the convenience sampleǤ 

ͻȌ How many participants will be 
neededǫ 

ͳͶ participants will be neededǤ 

ͳͲȌ What are the tasks to be done by the 
participantsǫ 

Participants will be asked to evaluate two interfaces 
where they will have to ϐind and report modeling 
errors ȋexcluding geometry overlaysȌǤ 

ͳͳȌ What criteria will be used to 
determine when participants will have 
completed each task correctlyǫ 

The identiϐication of modeling errors may occur for 
a maximum of ͳͷ minutes per interfaceǤ After this 
periodǡ there will be a pause where the 
experimenter will communicate to the participant 
which modeling errors are validǤ During the second 
interface test ȋͳͷ minutesȌǡ the participant should 
begin by identifying the validated errors ȋprevious 
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testȌǡ as well as trying to ϐind other possible errors 
until the end of the established time periodǤ 
Half of the participants tested the BIM interface 
before the VR oneǤ This order was reversed for the 
other halfǤ 

ͳʹȌ What kind of help will be made 
available to the participants ȋmanualsǡ 
online helpǡ etcǤȌǫ 

No help will be available during the test period ȋͳͷ 
Ϊ ͳͷ minutesȌǤ 

ͳ͵Ȍ To what extent may the 
experimenter assist participants during 
the testǫ 

Only during the pause period can the experimenter 
explain to the participant which of the modeling 
errors ȋpreviously identiϐied in the ϐirst stageȌ 
should be considered in the second part of the testǤ 

ͳͶȌ What information will be collected 
and how will it be analysedǫ 

The number of modeling errors identiϐied in each of 
the interfaces will be countedǤ Afterwardsǡ a 
comparative analysis ȋWilcoxon̵s testȌ will be done 
to gauge if there is a signiϐicant difference between 
the number of errors detected through more 
conventional solutions ȋiǤeǤǡ BIM authoring toolsȌ 
and immersive virtual environments ȋVRȌǤ 

  
 

A case study was conducted where usability tests were subdivided into two phasesǡ each with a 
maximum duration of ͳͷ minutesǤ The only task was to identify the maximum number of 
designȀmodeling errorsǤ The group was divided into two groups which tested the interfaces in a 
different orderǣ iȌ ǲPath Aǳ Ǧ ͷͲΨ of the participants ϐirst tested the BIM authoring tool ȋnonǦ
immersiveȌ and then the immersive VR interfaceǢ iiȌ ǳPath Bǳ Ǧ the remaining ͷͲΨ started the test 
with the immersive VR interface and concluded it with the BIM toolǤ Before the testǡ the 
experimenter stated that the participants should not consider errors related to ͵D objects with 
overlapping geometryǡ as this type of error is already performed automatically by BIM authoring 
toolsǤ 

The present article intends to verify the existence of a signiϐicant difference in the 
identiϐication of modeling errors in addition to those that would normally be recognized through 
automatic toolsǡ such as geometry clashes in BIM modelsǤ Prior to the testsǡ two pilot evaluations 
were conducted to detect most of the usability errors that could be identiϐied by experienced 
users that were not directly linked to the development of the systemǤ Two participants who had 
previous experience in Civil Engineering and the use of VR interfaces took part in these testsǤ 
According to feedback from the evaluatorsǡ some color combinations could mislead the 
participants when identifying modeling errors in the VR interfaceǤ This issue was addressed by 
changing the colors of the objectsǤ Additionallyǡ and after this assessment stageǡ future 
participation of the evaluators in the case study was automatically excluded in order to avoid the 
presence of skewed resultsǤ 

2.2 PVScedYVe 
A sample was collected in which all individuals had the following characteristicsǣ iȌ academic 
training in areas related to the AECO sectorǢ iiȌ familiarity with a BIM authoring tool ȋRevitȌǤ It 
should be noted that the test intended to ascertain possible signiϐicant differences between the 
results achieved by participants with prior knowledge of the use of BIM toolsǤ Thereforeǡ the 
universe of people without this set of skills and that would be able to assess the quality of the 
models with the use of VR tools is vastly greaterǤ 

During the test two moments ȋͳͷ minutes eachȌǡ participants identiϐied modelingȀdesign 
errors using different interfacesǣ ȋiȌ a BIM model in Revit ȋFigure ͳȌ and ȋiiȌ a ͵D model in an 
immersive VR environment ȋFigure ʹ ȌǤ In order to prevent biased resultsǡ all the participants tried 
the VR equipment for a maximum of ͷ minutes before the test so that they could familiarize 
themselves with the immersive environmentǤ This training session comprised a few minutes to 
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practice with the controllers and the HMDǤ The implementation of training sessions is 
recommended by Nielsen ȋJakob Nielsenǡ ͳͻͻ͵Ȍ in the sense that the tests do not reϐlect an 
eventual excessive effort from the participants still trying to get accustomed to the new interfaceǡ 
its commands andȀor techniquesǤ  

 
 

 
 

3 DaXa aRal]WiW aRd VeWYlXW 
Given the challenge in reaching a high number of participants that met the characteristics desired 
for the test and in order to minimize individual variabilityǡ a withinǦsubject approach ȋJakob 
Nielsenǡ ͳͻͻ͵Ȍ was followedǤ Henceǡ the participants ȋN α ͳͶȌ were asked to perform two 
evaluations ȋͳͷ Ϊ ͳͷ minutesȌǡ interspersed by a pause moment and clariϐication about the 
identiϐied errors ȋͷ minutesȌǤ The small size of the sampleǡ together with the type of variable 
ȋnumber of modeling errors Ǧ discrete variableȌǡ restricted the statistical methodology to be 
appliedǡ excluding the use of parametric tests ȋMontgomery and Rungerǡ ʹͲͲ͵ȌǤ The statistical 
analysis of the data was conducted through a nonǦparametric testǡ Wilcoxon̵s test ȋSiegelǡ ͳͻ͹͹Ȍǡ 
Wilcoxon Signed Rank Testǡ considering the organization of the data ȋpairedȌǤ 

Table ʹ shows the data with no regard for the order of the test moments ȋiǤeǤǡ it includes 
results for ǲPath Aǳ and for ǲPath BǳȌǤ The table presents the number of modeling errors found by 
each participantǡ as well as additional information related to the Wilcoxon testǤ  

The hypotheses and other relevant considerations were as followsǣ 
iǤ Null hypothesisǡ HͲǣ There is no difference between the number of modeling errors found 

at the end of the test of the two interfacesǤ Alternative hypothesisǡ Hͳǣ There is a difference 
between the number of modeling errors found after testing the two interfacesǤ 

iiǤ An analysis of the bilateral type and Ƚ α ͲǤͲͷ ȋlevel of signiϐicanceȌ was consideredǡ which 
is currently more commonly used in similar case studies ȋAlhalabiǡ ʹͲͳ͸Ǣ Sacks et alǤǡ ʹͲͳ͵ȌǤ 

iiiǤ N α number of participantsǤ To this value will be subtracted the null differences between 
the number of modeling errors foundǤ 

The notation of N arises to avoid possible duplication of notation as a consequence of the use 
of ni in the ϐirst column of Tables ʹǡ ͵ and ͶǤ 

 
TabPI 2. MSHIPMRK IVVSVW GLVSRSPSKMGaPP] JSYRH 

FMKYVI 1. BIM QSHIP (AYXSHIWO RIZMX) aHaTXIH JVSQ TLMaKS CVY^, MR WIQI 
GEQUALTEC (ŰMSHIPS RIZMX FEUP EHMJɴGMS CaJIXaVMa (0) - WIQI 
GEQUALTECű, 2017). 

FMKYVI 2. VR IRZMVSRQIRX MR URMX] 3D. 
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ni	 1st	trial	(Xi)	 2nd	trial	(Yi)	 Signal	 |Xi	-	Yi|	 Ri	
ͳ ͺ ͳ͹ Ǧ ͻ ͳͲǡͷ 
ʹ ͵ ͳ͸ Ǧ ͳ͵ ͳ͵ 
͵ ͻ ͳ͸ Ǧ ͹ ͺǡͷ 
Ͷ ͺ ͳʹ Ǧ Ͷ ͵ 
ͷ ͻ ͳͷ Ǧ ͸ ͸ǡͷ 
͸ ͵ ͳͲ Ǧ ͹ ͺǡͷ 
͹ ͷ ͳ͸ Ǧ ͳͳ ͳʹ 
ͺ ͺ ͳͲ Ǧ ʹ ͳ 
ͻ ͻ ͳ͵ Ǧ Ͷ ͵ 
ͳͲ ͳͲ ͳͻ Ǧ ͻ ͳͲǡͷ 
ͳͳ ͳͺ ͳͺ   Ͳ   
ͳʹ ͷ ͳͲ Ǧ ͷ ͷ 
ͳ͵ ͳ͹ ͳͳ Ϊ ͸ ͸ǡͷ 
ͳͶ ͳͶ ͳͲ Ϊ Ͷ ͵ 
      t α ͻǡͷ 
      

 
Attending to the limited sample size ȋ N α ʹͷȌǡ Siegelǯs table was used ȋSiegelǡ ͳͻ͹͹Ȍ ȋTable GȌ to 
ϐind the critical T value and its associated level of signiϐicanceǤ 

Excluding cases where ȁ Xi Ǧ Yi ȁ α Ͳǡ it is veriϐied that the test statisticǡ T Ǧ the lowest value of 
the sum of the stations with the same signalǡ does not exceed the critical valueǡ t α ͳ͹ǡ ȋvalue 
obtained by Table Gǡ for N α ͳ͵ ȋSiegelǡ ͳͻ͹͹Ȍ for the signiϐicance levelǡ Ƚ α ͲǤͲͷǤ Thusǡ the null 
hypothesis may be rejected ȋHͲȌǡ as there is statistical evidence that the two distributions are 
differentǤ The difference in the number of modeling errors detected after the two interfaces is 
signiϐicantǤ 

Table ͵ and Ͷ take into account the testing sequenceǤ Table ͵ shows the number of modeling 
errors found by the participants who followed ǲPath Aǳ ȋBIM interface to be followed by the 
immersive VR interface trialȌǤ 

 
TabPI 3. MSHIPMRK IVVSVW JSYRH MR ŰPaXL Aű 

ni	 BIM	interface	(non-immersive)	 VR	interface	(immersive)	 Signal	 |Xi	-	Yi|	 Ri	
ͳ ͺ ͳ͹ Ǧ ͻ ͷ 
ʹ ͵ ͳ͸ Ǧ ͳ͵ ͹ 
͵ ͻ ͳ͸ Ǧ ͹ ͵ǡͷ 
Ͷ ͺ ͳʹ Ǧ Ͷ ͳ 
ͷ ͻ ͳͷ Ǧ ͸ ʹ 
͸ ͵ ͳͲ Ǧ ͹ ͵ǡͷ 
͹ ͷ ͳ͸ Ǧ ͳͳ ͸ 
     t α Ͳ 
      

 
It was consideredǣ 

iǤ Null hypothesisǡ HͲǣ There is no difference between the number of modeling errors found 
after the test of the two interfaces according to ǲPath Aǳ ȋBIM authoring tool test followed by the 
VR interfaceȌǤ Alternative hypothesisǡ Hͳǣ The difference in the number of errors perceived is 
greater according to ǲPath AǳǤ  

iiǤ An analysis of the unilateral type and Ƚ α ͲǤͲʹͷ was consideredǤ 
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As can be seen from Table ͵ǡ the differences between the number of modeling errors 
always appear in the negative senseǡ which is natural since the participants tend to seek to 
confirm the occurrence of errors detected in the previous phase of the studyǤ It can also be 
said that the sum of the negative stations is rather different from the sum of the positive 
stations ȋt α ͲȌ or that the sum of the positive stations is very small ȋsee also Siegelǡ ͳͻ͹͹ȌǤ  

Additionallyǡ it can be verified that T does not exceed the critical valueǡ t α ʹ ȋobtained 
through Table Gǡ for N α ͹ǡ ȋSiegelǡ ͳͻ͹͹ȌȌ for the associated significance level ȋȽ α ͲǤͲʹͷȌǡ 
thus allowing to reject HͲǤ Thereforeǡ it can be assumed that there is a significantly greater 
difference in the number of modeling errors detected along ǲPath AǳǤ 

Table Ͷ presents the values for the errors found in both interfaces according to ǲPath BǳǤ 
 
TabPI 4. MSHIPMRK IVVSVW JSYRH MR ŰPaXL Bű 
 
ni	 VR	interface	(immersive)	 BIM	interface	(non-immersive)	 Signal	 |Xi	-	Yi|	 Ri	
ͳ ͺ ͳͲ Ǧ ʹ ͳ 
ʹ ͻ ͳ͵ Ǧ Ͷ ʹǡͷ 
͵ ͳͲ ͳͻ Ǧ ͻ ͸ 
Ͷ ͳͺ ͳͺ   Ͳ  
ͷ ͷ ͳͲ Ǧ ͷ Ͷ 
͸ ͳ͹ ͳͳ Ϊ ͸ ͷ 
͹ ͳͶ ͳͲ Ϊ Ͷ ʹǡͷ 
     t α ͹ǡͷ 
      
 

Similarly to the previous caseǡ the following was consideredǣ  
iǤ Null hypothesisǡ HͲǣ There is no difference between the number of modeling errors found 

after the test of the two interfaces according to ǲPath Bǳ ȋtest of the VR interface followed by BIM 
the authoring toolȌǤ Alternative hypothesisǡ Hͳǣ The difference in the number of errors perceived 
is higher according to ǲPath BǳǤ 

iiǤ A unilateral analysis and Ƚ α ͲǤͲʹͷ was consideredǤ 
In this particular caseǡ the value of the sample size is ͸ because there is a pair whose difference 

ȋȁ Xi Ǧ Yi ȁȌ is ͲǤ Being t α ͹Ǥͷ and according to the values presented in Table G ȋSiegelǡ ͳͻ͹͹Ȍ for 
the case of a unilateral analysis with Ƚ α ͲǡͲʹͷǡ it is concluded that HͲ should be preservedǤ In 
sumǡ for N α ͸ and according to the observed T value being higher than the critical T ȋt α ͲȌǡ there 
is no statistical evidence that the distributions are differentǤ 

4 CSRclYWiSR 
Similarly to other relevant industry segmentsǡ the AECO sector is faced with more competitive 
and complex projects ȋChan et alǤǡ ʹͲͲͶǢ Pham et alǤǡ ʹͲͳ͹Ȍ with continuously shorter budgets 
and due datesǡ highly demanding quality assurance and monitoring needs resulting in added costs 
and pressuresǤ Moreoverǡ AECO is recognized for its low productivity ȋCOTEC Portugal Ȃ 
Associaçaǁo Empresarial para a Inovaçaǁoǡ nǤdǤȌ which lead to digitalization as a way for the sector 
to pursue more performance and accuracy among the processesǡ minimizing costs and 
streamlining productionǤ  

The digitalization of the AECO sector has been propelled by public and governmental entitiesǡ 
thus verifying the need for the key players in the industry to better realize how to address new 
methodologies such as BIMǤ Initiatives have already paved the way towards BIM integration from 
various countries ȋeǤgǤǡ Norwayǡ Denmarkǡ Finlandǡ South Koreaǡ Singaporeǡ USAǡ and the UǤK 
ȋǲBIM adoption around the worldǣ Initiatives by major nationsǳǡ ʹͲͳ͹ȌȌǡ a fact that has been 
supported by the Directive ʹͲͳͶȀEUǡ Article ʹʹǡ encouraging the use of BIM for public 
procurementǤ Moreoverǡ the recent approval of an international standard for BIMǡ ISO ͳͻ͸ͷͲǦ
ͳǣʹͲͳͺ ȋǲISO ͳͻ͸ͷͲǦͳǣʹͲͳͺ Ǧ Organisation and digitisation of information about buildings and 
civil engineering worksǡ including building information modelling ȋBIMȌ Ǧ Information 
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management using building information modelling ǦǦ Part ͳǣ Concepts and principlesǳǡ ʹͲͳͺȌ on 
project life cycle information management stirs the pervasive notion of a paradigm shift and the 
resulting necessity for adaptationǤ Notwithstandingǡ BIM is still not fully collaborative among all 
stakeholdersǡ with the opportunity to further developments in the way of interactingǡ accessing 
and exchanging BIM dataǤ  

Research has shown that humanǦcomputer interactions may be improved through alternative 
approaches such as the implementation of immersive applications ȋDinis et alǤǡ ʹͲͳ͹Ǣ MezƼa et alǤǡ 
ʹͲͳͷȌǤ Indeedǡ immersive systems have been introduced to the AECO sector during the last few 
yearsǡ consequently causing a profusion of case studies that draw new paradigms for the 
industries involvedǤ VR applications can be used to perform many activities in the AECO industryǡ 
such as supporting the design quality control of construction project models as a complement to 
current methods and approachesǤ In the particular case of BIM modelsǡ there are several 
commercial tools whose features are dedicated to the identiϐication of certain types of errors in 
case of geometry clashes and overlaysǤ Howeverǡ as described in the present workǡ other types of 
modelling errors may be more easily recognizable through immersive interfaces as opposed to 
̶more traditional̶ BIM authoring toolsǤ Henceǡ this study was intended to identifyǡ through 
comparative testsǡ the existence of a signiϐicant difference in the number of designȀmodelling 
errors detected through more conventional solutions ȋiǤeǤǡ existing BIM authoring toolsȌ and 
immersive VR environmentsǤ The results show that the number of modelling errors detected after 
the test of the two interfaces ȋtime factorȌ was statistically signiϐicantǤ Regarding the pathsǡ it was 
possible to conclude the existence of statistical evidence in the identiϐication of a greater number 
of modelling errors when the test was established according to ǲPath Aǳǡ that isǡ recognizing 
modellingȀdesign issues through the BIM interface followed by the VR interfaceǤ 

This study adds and contributes to the recent research interest in the comparison of VR and 
desktop interfaces such as the work of Paes et alǤȋPaes et alǤǡ ʹͲͳ͹Ȍǡ Wolfartsberger 
ȋWolfartsbergerǡ ʹͲͳͻȌǡ and Horvat et alǤ ȋHorvat et alǤǡ ʹͲͳͻȌǤ 
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