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RESUMO 

Building Information Modeling està a tornar-se uma prática comum na indústria da construção. Para 

esta transformação se generalizar a toda a indústria, a academia tem de se adaptar e disponibilizar 

cursos de BIM no currículo e os profissionais da indústria da construção têm, necessariamente, de se 

qualificar e treinar esta nova metodologia, rumo à mudança e inovação. 

Neste contexto, o objetivo deste trabalho de investigação é oferecer uma visão completa da educação 

e formação existente do BIM no ensino superior e no mundo profissional, analisar essa oferta e seu 

potencial, e acima de tudo ajudar as entidades formadoras a para propor programas eficazes e 

adaptados às exigências da indústria. 

Para esse efeito, o documento assenta numa da análise da literatura publicada sobre a educação de 

BIM, que põe em evidência uma lista de competências BIM requeridas pela indústria da construção e 

diversos métodos de ensino apropriados. Sequidamente são analisadas as ofertas de formaço atuais  

para os profissionais e o respectivo potencial, aprofundando-se as explicações dadas sobre dois 

projetos internacionais que estão a desenvolver a formação do BIM na Europa e a ajudar empresas da 

indústria da construção a orientar os seus trabalhadores para o programa de formação apropriado. 

Ao longo do trabalho desenvolvido, foi dado ênfase ao potencial do e-learning no contexto do ensino 

BIM, com o objetivo de aproximar o BIM dos estudantes e dos profissionais. O uso de “gamification” 

para melhorar o processo de aprendizagem foi ainda analisado e proposto no âmbito de um projeto 

H2020, que está neste momento a desenvolver a primeira plataforma e-learning de BIM Europeia, 

incluindo “gamification”, e que se chama plataforma BIMcert. 

 

PALAVRAS-CHAVE 
 
BIM (Building Information Modeling) – Educação – Formação – E-learning – Certificações – BIMcert   
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ABSTRACT 

Building Information Modeling will become soon a standard practise in the construction industry. For this 

transformation to become widespread to the entire construction industry, academia must adapt by 

implementing BIM courses into its curricula and the professionals of construction industry also must 

requalify and train themselves with this new methodology, towards this change and innovation. 

In this context, the aim of this research work was to offer a complete vision of existing BIM education at 

school and in the professional world, to analyse this offer and its potential, but above all to help BIM 

education providers to propose efficient programs adapted to the requirements of industry. 

For this purpose, the document relies on an extensive literature review about BIM education and has 

highlighted a list of BIM skills required by the construction industry and a framework for BIM teaching 

methods. The current possibilities of training offer for professionals and their respective potential were 

presented. Explanations were given on two international projects that can develop BIM training offer in 

Europe and help construction companies to guide their employees toward the appropriate training 

program. 

Emphasis was placed on the potential of e-learning with the objective to teach BIM to both students and 

professionals. The use of gamification to improve the learning process was analysed and applied to a 

current H2020 project, by providing a case study on the first European BIM e-learning platform including 

gamification, named BIMcert platform. 

 

KEYWORDS 
 
BIM (Building Information Modeling) – Education – Training – E-learning – Certifications – BIMcert  



p. 5 
 

TABLE OF CONTENTS 
1 Introduction .................................................................................................................... 1 

1.1 Objectives ............................................................................................................... 1 
1.2 Methodology............................................................................................................ 2 
1.3 Structure ................................................................................................................. 2 

2 BIM education in universities .......................................................................................... 3 
2.1 A growing need of BIM education ............................................................................ 3 

2.1.1 BIM in the world ............................................................................................... 3 
2.1.2 BIM in Portugal ................................................................................................. 3 
2.1.3 BIM in the United Kingdom ............................................................................... 4 

2.2 BIM education current state ..................................................................................... 4 
2.2.1 Present state of BIM education and main implementing factors ....................... 4 
2.2.2 Current BIM education methods ....................................................................... 5 

2.3 Obstacles to the development of BIM teaching in universities ................................. 7 
2.3.1 Time ................................................................................................................. 8 
2.3.2 Lack of resources ............................................................................................. 8 
2.3.3 Incompatibility with the way of teaching ............................................................ 8 
2.3.4 Curriculum integration ...................................................................................... 9 
2.3.5 Knowledge gap on industry requirements ......................................................... 9 
2.3.6 Difficulties in learning the BIM tools .................................................................10 

2.4 Integration strategies ..............................................................................................10 
2.5 Essential BIM skills and levels of achievements .....................................................11 

2.5.1 Processes/general knowledge area .................................................................13 
2.5.2 BIM skills and technologies .............................................................................13 
2.5.3 BIM functionalities/applications .......................................................................14 
2.5.4 Interpretation of Pikas and Sacks. study results ..............................................14 

2.6 Teaching Methods and assessment .......................................................................16 
2.6.1 Introductory Level ............................................................................................17 
2.6.2 Intermediary Level ...........................................................................................17 
2.6.3 Advanced Level ...............................................................................................18 

2.7 Conclusion .............................................................................................................20 
3 Training programs for professionals and certifications ...................................................21 

3.1 Staff concerned by BIM training..............................................................................22 
3.2 Training programs at the disposal of professionals .................................................22 

3.2.1 External training ..............................................................................................25 
3.3 Certification of training programmes .......................................................................28 

3.3.1 Existing certifications .......................................................................................28 



p. 6 
 

3.3.2 BIM4VET Project: An harmonization of BIM competencies in EU ....................31 
3.3.3 BuildingSmart International Professional Certification/Qualification .................35 

3.4 How to guide professionals towards the appropriate training program? ..................38 
4 BIM education through e-learning platforms ..................................................................41 

4.1 Current state ..........................................................................................................41 
4.1.1 Definition .........................................................................................................41 
4.1.2 Examples of BIM online training platforms .......................................................43 
4.1.3 Advantages .....................................................................................................46 
4.1.4 Disadvantages ................................................................................................47 

4.2 Innovation to give more efficiency to online platforms, with new methods and 
interactions with the user ..................................................................................................49 

4.2.1 Definition of Gamification ................................................................................50 
4.2.2 Psychological theories in the gamification approach........................................50 
4.2.3 Gamification applied to e-learning ...................................................................55 

5 Case Study: BIMcert Project .........................................................................................60 
5.1 Definition and objectives of BIMcert project ............................................................60 

5.1.1 BIMcert e-learning platform .............................................................................60 
5.2 BIMcert curriculum .................................................................................................61 

5.2.1 Current BIMcert Program ................................................................................61 
5.2.2 Proposal about BIMcert curriculum: Objectives ...............................................64 
5.2.3 Methodology ...................................................................................................64 
5.2.4 Results ............................................................................................................70 
5.2.5 Analysis of the results .....................................................................................73 
5.2.6 Conclusion ......................................................................................................74 

5.3 Gamification features of BIMcert platform ...............................................................74 
6 Conclusion ....................................................................................................................78 
7 Bibliography ..................................................................................................................79 
8 Annexes ........................................................................................................................85 
 

  



p. 7 
 

LIST OF ILLUSTRATIONS 

Figure 1: Strategies used by schools when integrating BIM in the curriculum (Pikas and 
Sacks, 2013) ......................................................................................................................... 6 
Figure 2: Barriers to integrate BIM into curriculum (Abbas et al, 2016) .................................. 7 
Figure 3: Workflow to establish industry requirements for BIM education in CEM (Sacks and 
Pikas, 2013) .........................................................................................................................11 
Figure 4: Proportion of each level of achievement in AEC industry requirements .................15 
Figure 5: Levels of BIM proficiency. Source: Barison and Santos (2010b) ............................16 
Figure 6: Share of adults aged 18 to 64 participating in education and training (Source: 
Eurostat, 2017) .....................................................................................................................21 
Figure 7: Possibilities of BIM training available for professionals ..........................................23 
Figure 8: Chronology of BIM4VET project (Source: BIM4VET, 2017) ...................................32 
Figure 9: Position description of BIM profiles (Source: BIM4VET, 2017)...............................33 
Figure 10: Example of skills obtained in BIM4VET project, associated to each BIM profile 
(Source: BIM4VET, 2017) ....................................................................................................33 
Figure 11: Example of questionnaire for the Delphi method of BIM4VET project (Source: 
BIM4VET, 2017) ...................................................................................................................35 
Figure 12: Stages the BIM4VET user has to follow for his BIM maturity evaluation (Source: 
BIM4VET, 2017) ...................................................................................................................35 
Figure 13: buildingSMART qualification online platform (Source: buildingSMART, 2018) .....37 
Figure 14: Process of training programs recommendation (Source: based on BIM4VET, 
2018) ....................................................................................................................................39 
Figure 15: List of stages to follow in order to obtain a training recommendation on BIM4VET 
platform ................................................................................................................................39 
Figure 16: Touchscreen table in test for training programs recommendation (Source: 
BIM4VET, 2018) ...................................................................................................................40 
Figure 17: Example of content available in synchronous and asynchronous e-learning ........42 
Figure 18: Graitec BIM e-learning platform overview (Source: GlobaleTraining, 2017) .........44 
Figure 19: Results of a CIPD study about learning practices in companies (CIPD, 2015) .....49 
Figure 20: Relations between various gaming concepts (Source: Noran, 2016) ...................51 
Figure 21: Emotional evolution induced by game elements (Source: Noran, 2016) ..............52 
Figure 22: Psychological theories behind the elements motivating user in gamification (based 
on Richter and al, 2015) .......................................................................................................54 
Figure 23: Elements motivating the user in gamification (based on Richter and al, 2015) .....54 
Figure 24: Possible interface for a leader board in e-learning (Source: Growth engineering, 
2018) ....................................................................................................................................58 
Figure 25: Analysis of the representation of each Bloom's learning level in each learning 
outcome ...............................................................................................................................73 
Figure 26: Proposal of structure "gamified" for BIMcert curriculum .......................................75 
 
 
 
 
 



p. 8 
 

LIST OF TABLES 

Table 1: BIM educational approaches across the globe (Amarnath, 2017) ............................ 5 
Table 2: Competency Level Scale Adapted, from Bloom’s Taxonomy of Cognitive Domain 
(Source: Sacks and Pikas, 2013) .........................................................................................12 
Table 3: BIM Education requirements, part 1: Processes (Source: Sacks and Pikas, 2013) .13 
Table 4: BIM Education Requirements, part 2: Technology (Source: Sacks and Pikas, 2013)
 .............................................................................................................................................13 
Table 5: BIM Education Requirements, part 3: Applications (Source: Sacks and Pikas, 2013)
 .............................................................................................................................................14 
Table 6: Examples of BIM product documentation of Autodesk Revit (Source: Autodesk 
website, 2018) ......................................................................................................................23 
Table 7: Examples of BIM training sessions content by external companies ........................25 
Table 8: Applicant guide of principal UK BIM Certifications (Sources: BRE, 2018; RICS, 
2018) ....................................................................................................................................29 
Table 9: Link between game Dynamics and game Mechanics (Source: Bunchball, 2016) ....56 
Table 10: Game Dynamics applied to education...................................................................56 
Table 11: Game Mechanics applied to e-learning .................................................................57 
Table 12: BIMcert current curriculum ....................................................................................62 
Table 13: Competency Level Scale Adapted, from Bloom’s Taxonomy of Cognitive Domain 
(Source: Sacks and Pikas, 2013) .........................................................................................65 
Table 14: (Results of Step 1) Correspondences established between the skills of BIMcert 
curriculum and the skills of Pikas and Sacks study (2013) organized by learning outcomes .66 
Table 15: (Results of Step 2) Activities associated to each learning level of Bloom's 
taxonomy ..............................................................................................................................69 
Table 16: (Proposal result) Association to activities for each skill of the initial BIMcert 
curriculum…………………………………………………………………………………………….70 
Table 17: Mechanism for the achievement of stars…………………………………. ………….76 
Table 18: Proposition of badges for the platform…………………………………………………76  



p. 9 
 

ACRONYMS 
AEC Architecture and Engineering 
Construction 

BCF Building Information and Modeling 
Collaboration Format 

BIM Building Information Modeling  

BIM4VET Building Information and Modeling 
for Vocational Education and Training project 

BIMe BIM Excellence project 

BOK Body Of Knowledge 

BRE Building Research Establishment 

BS British Standard 

BSc Bachelor of Science 

BSI Building Smart International 

CAD Computer Aided Design 

CATCs Certiport Authorized Testing Centers 

CEA Atomic Energy and Alternative Energy 
Commission 

CEBOK Cost Estimating Body of Knowledge 

CIAT Chartered Institute of Architectural 
Technologists  

CIBSE Chartered Institution of Building 
Services Engineers 

CIPD Chartered Institute of Personnel and 
Development 

CITB Construction Industry Training Board 

CITB Construction Industry Training Board 
(South Australia) 

CPD Continuing Professional Development 

CPD Continuing Professional Development 

EN European Standards 

ESTP Special School of Public Works (France) 

EU European Union 

FM Facilities Management 

GEPA Architects Official Training Organization 

HND Higher National Diploma 

IBIMA India Building Information and Modeling 
Association 

ICT Information and Communication 
Technology 

IFC Industry Foundation Classes 

IPQ Portuguese Quality Institute 

ISO International Organization for 
Standardization 

IST Technical Superior Institute (Lisbon) 

LEED Leadership in Energy and 
Environmental Design 

LIST Luxembourg Institute of Science and 
Technologies 

LOF Learning Outcome Framework 

MSc Master of Science 

OECD Organisation for Economic Co-
operation and Development 

ONS Sectoral Normalization Organism 

PAS Publicly Available Specification 

PDF Portable Document Format 

PHP Hypertext Pre-Processor 

PIT Personal Investment Theory 

RIBA Royal Institute of British Architects 

RICS Royal Institution of Chartered Surveyors 

TES Tertiary Education System 

UK United Kingdom 

UNSFA National French Union of Architects 

USA United States of America 

WP Work Package 

XP Experience Points 



p. 1 
 

1 INTRODUCTION 
Building Information Modeling (BIM) is being adopted in the construction industry since the last few 

years. This new way of working presents a lot benefits like an increasing of productivity and efficiency. 

Consequently, the adoption of BIM created the need of an effective workforce development to supply 

the demand in the labour market. To achieve this, education and training of BIM is inevitable, both in 

academia and in industry. Indeed, future graduated in architecture or civil engineering must leave the 

school with a minimum knowledge in BIM, whereas professionals graduated a few years ago and 

working, no matter in which company, private or not, have to quickly adapt to this new tool which affects 

all disciplines of construction sector. The apparition of BIM also created new jobs, which require 

complete training programs. 

However, only a few countries in Europe and in the world have initiated this revolution. Actually, there 

is a challenge in adjusting the needs of the construction industry and the way of teaching of tertiary 

education, and training programs for professionals are still rare or lack of recognition from the sector. 

The main stakeholders (professional bodies, industry, government and academia) are still struggling to 

understand how to establish a system of BIM education that could be satisfactory for all parties involved. 

1.1 OBJECTIVES 
By synthetizing the work of different researchers through the world on how to implement BIM education 

in universities and in the construction industry, this document aims to help universities, training centres, 

construction industry who are willing to take that step. However, this document is not only the result of 

a research work but of an action research, within a research program named “Horizon 2020”.  

Horizon 2020 is the biggest European research and innovation program ever, which takes places since 

2014. It is about science, societal challenges, and industrial leaderships. As part of this program, a 

project named “BIMcert” focused on BIM aims to improve energy efficiency through the use of BIM, to 

encourage upskilling through a blended program, and to develop a European Framework recognised 

and accredited with “BIMcert’s Learning Modules” (BIMcert, 2018). As the “Instituto Superior Técnico” 

is involved in this project and especially in the design of the BIMcert e-learning platform, an online 

platform offering BIM courses to professionals, this document is part of this background. 

The main objective of this research is so to understand the background of BIM education and training, 

for professionals of the construction industry and for academia, to propose a conceptual model for 

BIMcert e-learning platform. 

More generally, this thesis also has the objectives to understand the challenges for BIM education and 

training and to identify the existing approaches and their respective potential, to help academia and 

professionals to offer a BIM education and training appropriated to the needs of the construction 

industry, which could thus wide spread the use of BIM. 
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Moreover, this document will explain the value of e-learning and “gamification”, which defines the 

BIMcert platform, and essential step to be able to propose, finally, a conceptual model for the curriculum 

and the learning process of this learning platform. 

1.2 METHODOLOGY 
The methodology followed to achieve the previous objectives is the following: 

• As a first step, it is essential to make a state of the art concerning BIM current education. 

Knowing the current state of the education and training offer and its potential can permit to 

understand the challenges that the universities and industries of the construction sector are 

facing, and in this way the proposals made for BIMcert platform can be focused on the resolution 

of those problems, for this platform to be really efficient. 

• Some specifications of the BIMcert platform are the e-learning first, and the introduction of 

gamification elements in the learning process. The definition of those features is essential to 

understand the potential of the platform and to adapt the proposals to this specific type of 

training. It is why the second step of this work consists in a state of the art concerning e-learning 

and gamification processes. 

• Finally, having the previous complete background about the current offer for BIM education and 

training for students and for professionals, and understanding the specifications of the BIMcert 

platform, the last step of this work is to adapt the findings of both states of the art to proposals 

for BIMcert curriculum and learning process. Those proposals will be addressed to the 

designers of the learning platform and will try to face the problems encountered at university 

and in the training for professionals. 

1.3 STRUCTURE 
By focusing in a first part on BIM education in universities, this research will analyse successful 

examples of faculties who succeeded in implementing BIM, and propose integration strategies and 

teaching methods that can lead to this success. 

The same work will be done for the training programs for professionals, by highlighting the key of BIM 

training implementation for the construction industry: the normalization of BIM skills and certifications. 

The detailed description of international projects in line with this idea (as BIM4VET or buildingSMART 

international certification) and their potential will help professionals to find the way and to guide them 

through the appropriate training program. 

Then, this document will be interested in BIM e-learning, a new way of teaching BIM which could be 

used by both students and professionals. Emphasis will be placed on the possible improvements of e-

learning as gamification. 

Finally, a case study about a European H2020 project will be presented, the “BIMcert” e-learning 

platform. Two proposals concerning the design of this platform will be detailed, focusing on the findings 

of the first parts of this document.  
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2 BIM EDUCATION IN UNIVERSITIES 
2.1 A GROWING NEED OF BIM EDUCATION 
2.1.1 BIM in the world 
First of all, the use of BIM dates back to the 1970s and was pioneered in the USA, while actual BIM 

implementation and utilization began in the 1990s. The last few years, North America has experienced 

one of the highest growths of BIM implementation globally, increasing from 28% of construction 

professional using BIM in 2007 to 71% in 2012 (McGraw Hill, 2013). 

In Europe, the EU directive "procurement contracts" voted January 15th, 2014, encourages countries of 

EU to the use of BIM in their construction projects. This one planed that 28 Member states of the EU 

could all encourage, specify or make compulsory by 2017 the use of BIM for the projects of construction 

and the publicly funded buildings. As a result, UK was a pioneer: the UK government legislated for BIM 

to be adopted to level 2 for publicly funded projects since 2016 (McAuley et al, 2017). 

The EU directive was also followed by the Netherlands and Finland, with open BIM standards 

incorporating the many different software applications used within Europe. 

The EU also created the EUBIM task group, to encourage the common use of BIM, as ‘digital 

construction’, in public works. 

In the years to come, the use of BIM standard software will be a legal obligation for all public projects 

and, almost certainly, for all big projects in many countries. Many national governments have already 

made BIM a mandatory requirement such as the United States, the United Kingdom, Finland and 

Netherlands as mentioned before, and also Singapore, Norway, Denmark, Hong Kong, South Korea 

(Zeiss, 2013) and Dubai (Staff, 2014). 

This dissertation being led in Técnico University (IST Lisbon, Portugal), the current adoption of BIM in 

Portugal will be explored, as well as in United Kingdom which is an example country in terms of BIM 

adoption. 

2.1.2 BIM in Portugal 
At present, there is no mandate in Portugal for BIM, but standards are being developed. BIM is changing 

the Portuguese construction industry’s mentality with existing BIM knowledge beginning to change the 

industry’s perspective (McAuley et al, 2017).  

Despite the absence of a mandate, there are strong elements of Information and Communication 

Technology (ICT) within the public sector, as seen through the adoption of e-procurement for all open, 

restricted or negotiated public procurements, which is mandatory (Costa and Grilla, 2015).  

Organisations working to promote and accelerate the adoption of BIM in the Portuguese construction 

industry include the Technical Committee for BIM standardization (CT 197 – BIM).  

CT197-BIM is coordinated by ‘Organismo de Normalização Setorial’ at Instituto Superior Técnico 

(ONS/IST). This entity was delegated by the Portuguese Quality Institute (IPQ) as responsible for the 
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development of standardisation in the scope of classification systems, information modeling and 

processes throughout the life cycle of the construction projects (McAuley et al, 2017). 

Since 2017, some universities of Lisbon, Minho and Porto with the Institute of the Public Procurements, 

Real estate and Construction organize each year a Portuguese Congress about BIM: an opportunity to 

talk about BIM implementation in Portugal’s industry and of course in universities. 

2.1.3 BIM in the United Kingdom 
In United Kingdom, a mandate requiring a minimum of Level 2 collaborative BIM on all centrally funded 

projects has been adopted and came into effect in 2016. A BIM task group was created to assist this 

transformation and to provide support to the construction industry. In 2013, the British Standards 

Institute (BSI) has also created a PAS (Publicly Accessible Standard) specific to the construction 

projects using BIM (McAuley et al, 2017).  

Since this effort from the UK government, BIM become each year more and more widespread. In 2017, 

according to the NBS National BIM report, 62% of the construction industries of UK are aware of BIM 

and currently using it (NBS, 2017). 

Many non-governmental associations have also permitted this transformation, as buildingSMART, BRE, 

RICS, who are offering training programs and certifications for professionals, and who are working on 

the development of BIM standards (McAuley et al, 2017).  

Some universities in UK offer a master degree about BIM design and management, as the Salford 

University (McAuley et al, 2017). 

The United Kingdom is so an example in terms of successful adoption of BIM, led by the government. 

In most of the developed countries, BIM is very likely to become the construction industry standard in 

years to come. However, the tertiary education institutions have not fully integrated BIM in their 

curriculum. 

Therefore, because of the lack of graduates having BIM competencies, the education of teaching and 

training of this technology in higher institution of learning is overdue and inevitable. 

 

2.2 BIM EDUCATION CURRENT STATE 
2.2.1 Present state of BIM education and main implementing factors 
 
As seen before, the need of BIM education is undeniable, however only a few countries have taken that 

step. 

The IBIMA (India Building Information Modeling Association) presented in May 2017 a glimpse of what 

is BIM education in universities today, in different countries (Table 1) 
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Table 1: BIM educational approaches across the globe (Source: Amarnath, 2017) 

Australia Early stage of BIM adoption TAFE colleges with BIM courses. BIM not yet taught as process 
Training programs 

Belgium Many universities have embraced BIM in education. Taught on BIM concepts, tools, technology and 
also as a process 

Brazil Few university faculties are playing active role in BIM education. Research on BIM education 
Canada Lagging behind in BIM adoption. No incentives from Government Graduates are proficient in BIM 

Certification programs 
China Embracing BIM education. Education presentations. Universities contributing for BIM research in 

academia 
Denmark Few universities embraced BIM education Research on BIM education 
Finland BIM education widely provided in universities. BIM training programs 
Hong Kong Optional BIM courses in university. Government’s Housing Department promoting BIM education. 

BIM training programs 
Ireland Many tertiary institutions has incorporated BIM. Setting up schools to cater today’s multidisciplinary, 

inter-organizational BIM education 
Israel Few university faculties are very active in BIM education, research and its adoption in curricula. BIM 

presently taught as a tool for performing engineering tasks 
Korea Few universities incorporated BIM in tertiary education. Development of eduBIM with open BIM 

library 
Netherlands Almost all universities provide BIM education at different tertiary levels. BIM with trans disciplinary, 

inter-level and multinational collaborative system. Concept BIM library development project 
New 
Zealand 

BIM taught in a few tertiary education institutions. BIM training programs industry presentations and 
seminars 

Nigeria Increasing BIM awareness. Suggestion for global accreditation model 
Norway Few engaged faculties drive BIM education in universities. Government not seen as prerequisite for 

driving BIM. BuildingSMART releasing BIM educational program. BIM certification programs 
South 
Africa 

BIM rarely adopted in education. Few university faculties and researchers undertake BIM education 

Taiwan Many universities incorporated BIM Government promoting BIM education, BIM taught as tools, 
technology and process 

UAE Attempt made for BIM acceptance in education system. BIM research in design schools that 
mediate between physical and virtual classrooms 

United 
Kingdom 

Very active in BIM adoption. Many universities offer BIM courses at all tertiary education levels. 
Numerous events/conferences/shows 

USA Making significant progress in adopting BIM. BIM is taught in over half of the programs in USA 
 
This overview leads to the conclusion that only a few countries in the world have already integrated BIM 

in their curriculum. For most universities, the BIM integration is just at the state of research and has not 

been implemented yet. 

However, this overview allows to identify several possible factors that have encouraged BIM education 

in those countries, and which can become examples to follow in others countries. The author of this 

research (Amarnath, 2017) specifies that the principal topics responsible for the generalisation of BIM 

education concern the promotion of BIM by the government of the country, the implementation of BIM 

by the work of researchers, the creation of BIM courses in curricula at university, the promotion of BIM 

trough congresses, or the development of “BIM training programs and certifications” (Amarnath, 2017). 

2.2.2 Current BIM education methods 
 
There are common factors that permit to develop BIM education; however, the tertiary education system 

has difficulties to integrate BIM in its curricula. Most schools through the world use BIM for teaching 3D 

coordination, visualization and constructability activities (Pavelko and Chasey 2010, Becerik-Gerber, et 

al, 2011), but they do not use it to learn cost estimating and scheduling activities, and most of them don’t 

teach transdisciplinary and collaboration involved by BIM. 
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The schools have generally adopted two approaches: teaching BIM in one or two courses or using BIM 

in several courses, as shown below in Figure 1. 

 
Figure 1: Strategies used by schools when integrating BIM in the curriculum (Pikas and Sacks, 2013) 

 
In the first approach, the courses are short, introducing BIM and its principles only (Pikas and Sacks, 

2013). 

In the second approach, the BIM model is used as a teaching resource, limiting the perspective of 

students to viewing it simply as a way to understand certain issues thanks to the 3D view, and to produce 

drawings with more productivity. 

Barison and Santos’s (2010b) made a study about BIM education that covered 103 engineering and 

architecture schools, 75 of which were from the United States, to identify the different courses of the 

curricula of schools that had introduced BIM. They identified eight different courses introducing BIM: 

“Digital Graphic Representation (replacing the old course using CAD drafting methods), Workshop, 

Design Studio, Specific BIM Course, Building Technology, Construction Management, Thesis Project 

and Internship” (Pikas and Sacks, 2013).  

- In civil engineering schools, BIM has been introduced most of the time in a specific BIM Course. 

However, the other significant choices are to teach BIM in a Design Studio course or in a 

Construction Management course. 

- In the architecture programs, Barison and Santos’s (2010b) found that BIM is generally taught 

at a senior and Master´s levels. Most architecture programs have introduced BIM into their 

Design Studio course, or sometime offer a BIM course (elective or compulsory). The others 

most common options are to teach BIM in Construction Management and to offer a Workshop. 

 

The schools have adopted three approaches to teach collaboration strategies: single-courses, intra-

courses, interdisciplinary and distance collaboration (Barison and Santos 2010a, 2011). However, most 

schools have introduced BIM in only one subject-area, forgetting the notion of coordination and 

collaboration involved by the concept of BIM. 

Even if BIM has been adopted gradually in universities, the methods of teaching are often not 

appropriate to AEC industry’s requirements. The courses provided are often limited to an introduction 

or are incomplete, limited to a single aspect of BIM that is modeling a building; they do not explore all 

the possibilities offered by BIM. To summarize, the tertiary education system faces many problems for 
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introducing BIM in its curricula. Moreover, it is unfortunately not the only barrier of BIM education in 

universities… 

2.3 OBSTACLES TO THE DEVELOPMENT OF BIM TEACHING IN UNIVERSITIES 

In 2016, Abbas et al. developed and distributed an online questionnaire for collecting the data regarding 

the current state of BIM education and the barriers to integration of BIM into AEC programs. The link to 

the questionnaire was sent to architectural and civil engineering faculty members of Pakistani 

universities, 62 responses from 29 different Pakistani universities were recorded. The respondents were 

faculty members who possessed varying level of teaching experience. They were asked to list the main 

barriers to integrate BIM into construction curriculum. The Figure 2 below shows the answers (Abbas et 

al, 2016). Even if this research is limited to Pakistani universities, the results show that the programs 

that are planning to introduce BIM into the curriculum face a number of obstacles. Moreover, the majority 

of those obstacles were found in many others studies. 

 
Figure 2: Barriers to integrate BIM into curriculum (Abbas et al, 2016) 

Those results indicate that the obstacles are many. Actually, they may be grouped into a few topics, 

being: 

- Time (8) 

- Resources (1, 3, 8, 9) 
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- Way of teaching (2, 4) 

- Curriculum integration (2, 4, 7) 

- Knowledge gap on industry requirements (6) 

- Difficulties in learning the BIM tools (5) 

Each topic will be discussed below. 

2.3.1 Time 
Preparing a new curriculum with a BIM implementation takes time. Research on the BIM education, 

concertation, and accreditation are essential to establish a new degree or modify one, and teachers do 

not necessarily have this time to build this kind of project.  

Indeed, traditionally, academic institutions are found to be slow to adopt changes especially if it is 

pressured by a continuous flux of new technologies, which is the case with the BIM technology. In the 

university, curriculum changes take longer time which serve as an impediment to build environment 

academic disciplines, to match the speed at which the construction industry is advancing in this arena 

(Yusuf et al, 2015).  

2.3.2 Lack of resources 
An extensive survey on 119 building construction schools in the United States found that only 9% of 

them teach BIM at a degree level (Dobelis 2013, Sabongi 2009). The main problems named by the 

respondents are as follows: 

- Lack of resources to prepare a new curriculum 

- Lack of suitable materials to teach BIM 

Actually, the main reason of those problems is the rapidly evolving technology (Raphael 2009). The 

computer labs are often slow and the students’ files are regularly deleted which results in data loss. In 

addition, the TI schools policy does not usually allow a server to share a central file. The BIM tools are 

often expensive and the programs have trouble in choosing the appropriate tool, which can soon 

become outdated. There is also in universities a dearth of BIM-specific materials and textbooks. 

Another survey involving 101 Architecture, Civil Engineering and Construction Management programs 

in the U.S.A (Dobelis 2013, Becerik-Gerber et al. 2011) found that there is a shortage of trained 

personnel in BIM. As BIM is quite new, it is challenging to educate educators, or to find BIM professionals 

ready to teach BIM in universities. 

This lack of resources inevitably leads to a need of funding which can be inadequate. 

2.3.3 Incompatibility with the way of teaching 
As BIM is a new way of working for construction professionals, some incompatibilities in the traditional 

teaching methods appear for BIM education. 

A first problem in the predominant way of teaching is the individualization. Since there is insufficient 

space in the curriculum to include a new course, the organizers of some programs have decided to 
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teach BIM tools in a Design Studio. However, the teaching of design is still largely concerned with the 

teaching of architectural form and the teacher usually interacts with students on an individual basis 

(Scheer 2006), whereas BIM is a collaborative tool. The knowledge of how to use the technology across 

the project team is more important than the technology itself. It is why individualized instruction, little 

teamwork and lack of all collaboration between curricula can be at the origin of misunderstanding of BIM 

concepts. 

Moreover, academic exercises tend to challenge the technology with new needs, applications, and 

possibilities (Yusuf et al, 2015). This way of learning delimits full integration of information technologies 

into curricular, which is a problem because students will miss opportunities for developing the industry 

as a whole, and not as a set of theoretical exercises. 

In addition, in the traditional way of teaching, there tend to be reluctance in the adoption of digital and 

computational approaches. 

2.3.4 Curriculum integration 
Another main obstacle to integrate BIM education in universities is the lack of space in the curriculum to 

include new courses. Indeed, BIM is a tool, which requires before using it to have a solid construction 

knowledge, it is why it has to be included in a construction/architecture degree, or fundamental courses 

must be part of a new degree that could be more focused on BIM. 

To go further, Macdonald (2011) noted, as mentioned before, that students are still educated in their 

separate departments with little or no integration or collaborations among the discipline. BIM is an all-

encompassing building delivery process, so its education should follow suit by being collaboratively 

taught among all AEC academic departments of higher education. Worldwide the construction industry 

is stirring towards more collaborative working practices among the building team family with the aid of 

BIM tools and process, so also must academia. (Macdonald, 2012). 

However, the institutions are traditionally formed of departments, which are independent of each other. 

Despite these challenges, some studies have shown that it is possible to teach BIM and collaborative 

practices within a single department but between different institutions or through distance education, but 

this requires having a particular kind of school infrastructure (Berwald 2008, Hjelseth 2008, Hu 2007, 

Hedges et al. 2008). 

2.3.5 Knowledge gap on industry requirements  
The accrediting bodies for the construction programs have not drawn up clear guidelines for BIM.  

Universities do not understand what are the requirements of the construction industry (Sacks and Pikas, 

2013). Even if this fact noted by Sacks and Pikas dates from 5 years ago, the observation is still the 

same today. Universities sometimes doesn’t know what to focus on. As industries are not often 

implicated into academic institutions, a university that wants to take that step to develop a degree 

including BIM should have difficulties finding exactly the expectations of AEC industry, especially as 

there are many different ways to work with BIM in this domain. 
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2.3.6 Difficulties in learning the BIM tools 
In addition, universities also have difficulties for finding the appropriate way of teaching BIM. The 

engineering or architecture degrees doesn’t include a lot of internships and are quite theoretical, while 

BIM makes the environment more concrete and requires a different knowledge, more applied.  

Another difficulty encountered is that the prescriptive nature of BIM tools leads some students to stick 

to predefined objects in their designs, which undermines their creativity. Although these objects can be 

created by the student, it is a time-consuming task and there is little time in the course to teach this 

procedure. One solution is to let the students explore the BIM tool by themselves and in their own way, 

in pairs or in teams. However, the students sometimes find it difficult, especially when creating curved 

surfaces and complex geometrical patterns, while others feel discouraged when learning the tool in a 

team, and think it is too complex to be exploited without any assistance (Horne, Roupé, and Johansson 

2005, Taylor, Liu, and Hein 2008, Scheer 2006).  

 

Now that the current state of BIM education and its principal difficulties for being implemented in a 

majority of universities have been raised, here are some solutions, most of them encountered in the 

literature and developed by scientific researchers, for the problems that BIM education is facing today. 

Firstly, integration into academia will be mentioned and after that stress will be put on essentials 

competencies and ways of teaching to success in implementing BIM into a curriculum. 

In this way, by synthetizing the work of different researchers through the world on “how to implement 

BIM education in universities”, this document could not only make observations but also help universities 

that are willing to take that step.  

2.4 INTEGRATION STRATEGIES 
Professional bodies, industry, government and academia are the key stakeholders of BIM education.  

Initially, the government should lead the way, through legislations, to encourage the use of BIM for 

project delivery, and then the practice should follow by complying with the directives. 

Government should also make academic institution to step-up in the production of BIM ready graduates. 

In addition, for Yusuf et al. (2015), the stratification and harmony of the education system will follow a 

long way in developing BIM education that will yield positively to the growth of the industry and create 

matching BIM standards to the global best practice.  

Another motivation for the integration of BIM in the curricula of academia is that industry should define 

jobs related with BIM by clearly identifying the skills required for them (Wu, 2015). It could create a 

common definition of BIM jobs and so permit to academia to adapt its courses to the industry offer. From 

that could be created common degrees focused on BIM in many universities. 

To go further, the academic world could join industry to promote BIM or collaborative thinking and setting 

up a research, teaching and consultancy projects. In fact, industry must be willing to provide funding for 
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the academic world. They must devote time to visit universities (Wu, 2015) and construct adapted 

curriculum together, to insure the recognition of them and their success towards the AEC industry. 

Some BIM managers, modelers or analysts reconversions into BIM educators could also be a great 

opportunity for BIM education in universities. Educators could also receive well-prepared presentation 

materials and support from some BIM software developers to carry out the teaching of BIM. 

The combination of efforts from all those stakeholders of BIM education only could lead to a 

generalisation of BIM education. If the initiative comes just from schools for example, the degrees could 

not result in sustainable jobs, even more if the teaching the students have is not in accordance with 

industry requirements. 

2.5 ESSENTIAL BIM SKILLS AND LEVELS OF ACHIEVEMENTS 
The first stage for implementing BIM in a curriculum is to understand which are the learning outcomes 

expected by the industry, the competencies and skills on which the degree must be focused (Wu, 2015) 

In 2013, Pikas and Sacks identified industry’s requirements for graduate engineers, by creating a 

complete learning outcome framework but also by defining for each skill what was the level of 

achievement required. 

For that, researchers followed the approach represented in Figure 3.  

 

Figure 3: Workflow to establish industry requirements for BIM education in CEM (Sacks and Pikas, 2013) 

Their work relied on the replies from 82 comments on LinkedIn BIM Experts group in 2011 to the 

questions: 

- “What is your opinion about the proper content of BIM education?” (Pikas and Sacks, 2013) 

- “What BIM or BIM-related skills do you look for in graduate engineers and architects?” (Pikas 

and Sacks, 2013) 

- “Can/should BIM education take the place of basic engineering graphics or drafting courses in 

teaching engineering communication?” (Pikas and Sacks, 2013) 

- “Should BIM education be leveraged to improve interdisciplinary collaboration skills?” (Pikas 

and Sacks, 2013) 
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The researchers also led a workshop with universities members who developed curriculum outlines for 

courses at four different levels. 

The job advertisements concerning BIM in the USA were examined by Barison and Santos in 2011. 

Pikas and Sacks used their results for this study. 

The surveys was sent to 85 professionals of the construction industry, with an important experience with 

BIM and at least 10 years of professional experience (Sacks and Pikas, 2013). The question asked by 

the researchers concerned the BIM skills expected by those professionals when they hire a student just 

graduated from a civil engineering degree (Sacks and Pikas, 2013). 

In addition to this question, the professionals also had to evaluate the skills proposed with a level of 

achievement expected, at the end of the first degree and at the end of the master degree (Sacks and 

Pikas, 2013). 

The Bloom’s taxonomy is a scale recognized internationally in the domain of education, and permits to 

define levels of achievement based on cognitive domains used when learning something new. Those 

levels are detailed in the Table 2 below by Sacks and Pikas, who adapted them especially to the learning 

of BIM. 

Table 2: Competency Level Scale Adapted, from Bloom’s Taxonomy of Cognitive Domain (Source: Sacks and 
Pikas, 2013) 

Level of 
achievement 

Description CEBOK level 
name 

1 Knowing a BIM topic or application but having no understanding 
of its meaning 

Knowledge 

2 Solid understanding of a BIM topic or application and its area of 
use but having no skills to use it 

Comprehension 

3 Ability to apply learnt knowledge and understanding in new and 
concrete situations, including use of BIM tools 

Application 

4 Ability to understand, apply, and analyse BIM concepts and 
applications, their relation to construction design and production 
processes, and to infer the results of their use 

Analysis 

5 Ability to develop new knowledge and understanding, apply and 
analyse results, and develop new information, e.g., development 
of constructability reports 

Synthesis 

6 Ability to develop new knowledge and understanding, apply, and 
analyse results, develop plans of action, and, on highest level, be 
able to assess the suitability of material for specific requirements 
and needs, e.g., assessing outline of a constructability report for 
fulfilling its expectations and its suitability for business processes 

Evaluation 

 

Through the workflow described in Figure 3, they managed to obtain an outline of 39 topics that 

industrials and professional bodies find essential in BIM education. Those skills were distributed in three 

classifications:  

- Processes/general knowledge area 

- BIM skills and technologies 

- BIM functionalities/applications 
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The results obtained for each category are following (Table 3, 4 and 5). BIM educators requirements 

were also registered, and Pikas and Sacks remarked that they had close similarity with construction 

industry requirements. 

2.5.1 Processes/general knowledge area 
Table 3: BIM Education requirements, part 1: Processes (Source: Sacks and Pikas, 2013) 

No. Processes/General knowledge area 
Industry requirement 

(levels of achievement) 
First Degree Master’s degree 

1.1 Overall construction design management and 
contracting procedures Application Analysis 

1.2 Facility maintenance and management Comprehension Comprehension 

1.3 Advantages and disadvantages of BIM for design and 
construction processes Application Analysis 

1.4 Model-progression specification and level-of-detail 
concepts Application Analysis 

1.5 Changes in management procedures Application Application 
1.6 Data security  Application 
1.7 Information Integrity Comprehension Application 
1.8 Design coordination Comprehension Application 
1.9 Constructability review and analysis Application Analysis 
1.10 Management of information flows Application Synthesis 
1.11 Contractual and legal aspects of BIM implementation Comprehension Application 
1.12 BIM standardization (in organizations and projects) Comprehension Application 

 
Those topics cover widely the concept of BIM, giving to the student general information about BIM. What 

is expected from the construction industry and BIM educators is mostly comprehension in first degree, 

and application in master’s degree. Indeed, those topics allow knowing all the possibilities that BIM 

offers, and can only be studied with more detail after some years of practise of BIM. 

2.5.2 BIM skills and technologies 
Table 4: BIM Education Requirements, part 2: Technology (Source: Sacks and Pikas, 2013) 

No. BIM skills and technologies 
Industry requirement (levels of 

achievement) 
First Degree Master’s degree 

2.1 Basic BIM operating skills Application Analysis 
2.2 Modeling with standard catalogue elements Application Application 
2.3 Creating and modeling with custom elements Application Analysis 
2.4 Massing/solid modeling Application Analysis 
2.5 Central databases/information repositories Comprehension Analysis 

2.6 Interoperability (file formats, standards, and structure 
for data sharing) Comprehension Application 

2.7 Communication tools, media, channels and feedback Application Synthesis 

2.8 Way to store and share information (e.g., could 
computing, networking, big-room equipment) Application Application 

2.9 Choosing right BIM technologies/processes/tools for 
specific purposes Application Synthesis 

2.10 Laser scanning Comprehension Application 
 

This group of skills is more applied to the use of the software. It includes some basic tasks that needs 

training for the student to be effective, for example to model a building; it is why application is the 



p. 14 
 

principal level of achievement required. Analysis comes after in master’s degree, to go further and give 

possibility for students to understand the result of the use of some tools, to know the relationships 

between them. 

2.5.3 BIM functionalities/applications 
Table 5: BIM Education Requirements, part 3: Applications (Source: Sacks and Pikas, 2013) 

No. BIM functionalities/applications 
Industry requirement 

(levels of achievement) 
First Degree Master’s degree 

3.1 Create renderings and representations for aesthetic 
evaluation Comprehension Comprehension 

3.2 Rapidly generate multiple design alternatives Comprehension Analysis 
3.3 Perform energy analysis Comprehension Comprehension 
3.4 Perform structural analysis Comprehension Comprehension 
3.5 Perform automated quantity take-off and cost estimation Application Analysis 
3.6 Check code compliance Comprehension  
3.7 Evaluate conformance to program/client values Comprehension  
3.8 Detect clashes Application Analysis 
3.9 Perform automated generation of drawings and documents Comprehension Application 

3.10 
Perform multiuser editing of a single-discipline model; 
multiuser viewing of merged or separate multidiscipline 
models 

Comprehension  

3.11 Rapidly generate and evaluate construction plan alternatives Application Analysis 
3.12 Perform automated generation of construction tasks Comprehension Application 
3.13 Perform discrete event simulation Knowledge Comprehension 
3.14 Perform 4D visualization of construction schedules Application Analysis 
3.15 Monitor and visualize process status Application Analysis 
3.16 Export data for computer-controlled fabrication Comprehension Application 
3.17 Integrate with project partner (supply chain) databases Comprehension Application 

 
This third category includes advanced tasks, using most of the functionalities offered by the software. 

Studying those topics require to master previous ones in groups 1 and 2. As some of those functionalities 

are more specific to some domains like structure, energy, planning, construction tasks, the levels 

achievement required here are mostly comprehension because those tasks may be applied by 

specialists (specialised design firms) and not by a BIM manager in a construction process. However, it 

is essential for BIM professional to know how those tools work. 

2.5.4 Interpretation of Pikas and Sacks. study results 
To make a synthesis of the results of Pikas and Sacks’ study, the following graph (Figure 4) shows for 

each category of subjects, the proportions of levels of achievement. 
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Figure 4: Proportion of each level of achievement in AEC industry requirements 

 
The three categories of topics require quite the same proportions for each level of achievement: mainly 

comprehension, analysis but most of all application. Only BIM functionalities are more focused on 

comprehension than on application, because of the complexity and the specificity of the subjects 

involved. 

 

Nevertheless, it is important to note that maybe it is not necessary to apply so much BIM concepts during 

the training, while it could be learnt with experience, in a professional context. It is maybe not pertinent 

to devote a complete degree (first degree + master’s degree) only focused on BIM because of that. 

A degree including all those skills would train BIM specialists, but engineers, architects, and project 

managers need BIM skills, too, to be able to communicate effectively with the rest of the design team 

and to step up to help meet deadlines in a crunch. It is impossible to expect the same training you use 

for your BIM specialists to work for the casual user. 

 

Moreover, it seems impossible to work with BIM, even with a complete training on BIM that includes all 

skills mentioned before, if the student did not had before a complete training about civil engineering. 

This one is essential to understand the concepts hidden behind the software, all the rules it uses, 

particularly in terms of structure concepts, heat transfers, hydrology, etc.  

 

Another point is that this study doesn’t include in the required skills some core abilities like oral 

communication, team/collaborative work and management, some very important skills for a BIM 

Manager. They may be forgotten, or maybe the job market interviewed is more focused on functional 

skills related to systems & technological abilities than on systemic thinking (Barison and Santos, 2011). 

Studies also placed considerable emphasis on inter-disciplinary teams, group-work, integration and 

collaboration. Richards and Clevenger (2011) indicated that in today’s integrated world, the necessity 

for architects, engineers and construction managers to have an understanding of each discipline’s 

0%

10%

20%

30%

40%

50%

60%

Knowledge Comprehension Application Analysis Synthesis
Processes/general knowledge area BIM skills and technologies BIM functionalities/applications



p. 16 
 

responsibilities and tasks is becoming increasingly important, but this way of working doesn’t appear in 

the previous study.  

For all those reasons, it is not sufficient to make a list of skills required to create a BIM cursus. An 

essential stage is to look at the different possible ways to teach those skills. 

2.6 TEACHING METHODS AND ASSESSMENT 
This part aims to provide an approach of how it is possible to teach all BIM skills seen before at 

university, but using pedagogical approaches. 

The study of Barison and Santos in 2010, which is part of a postgraduate research which seeks to build 

a theoretical model for the introduction of BIM in the curriculum of the Architecture and the Civil 

Engineering programs in Brazil, reported that BIM learning and teaching strategies vary depending on 

the level at which the skills are being taught. The authors identified three competency levels: 

introductory, intermediary and advanced, which are summarized in Figure 5. Those levels are quite 

similar to the three categories of skills that were mentioned in the Pikas and Sacks’ study. But Barison 

and Santos went further, by identifying the BIM courses that should be involved for each level of 

competencies, and the pedagogical way to teach each level. 

 

 

Figure 5: Levels of BIM proficiency. Source: Barison and Santos (2010b) 

Concerning the format of teaching, unfortunately, the practice in the classroom reveals that students are 

quite reserved when they are offered just the theoretical lectures about global issues. Practical training 

exercises during the class hours are more appreciated but of course require more contact hours. 

Laboratory classes and lectures on BIM tools, concepts and industrial issues are recommended in each 

of the three levels. The lectures should be taught both by the faculty and BIM specialists. It is also 

important to review case studies, and visit companies and construction sites, since these activities are 
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essential for the student to understand the sequencing of a project (Barison and Santos 2010b, Hyatt 

2011). 

2.6.1 Introductory Level 
The main purpose in an introductory level of curricula courses is to develop the skills of geometric 

modeling using BIM supporting software, to develop the skills of a BIM Modeler and a BIM Facilitator. 

When taking this course, the essentials of classic 2D CAD skills like AutoCAD are not required, even if 

there are still considered as a compulsory knowledge for architectural and civil engineering graduates. 

The objectives are to learn the BIM tools, or rather, those that are most commonly used. First, it is 

recommended that before the students start the modeling they make modifications to an existing model. 

After that, the students can solve exercises and carry out small individual tasks to practice the BIM tool. 

(Barison and Santos 2010b, Taiebat, Ku, and McCoy 2010, Brown, Peña, and Folan 2009). This 

introduction permits to obtain a good understanding in BIM concepts: to explore basic concepts of 

modeling and of how to communicate different types of information. 

After this, the students create the model of a small building or part of it (like a single family residence), 

usually with an area of or less than 600 square meters to extract quantities from it, and learn how to 

manipulate the model, types of basic components and their behaviour. (Barison and Santos 2010b, 

Brown, Peña, and Folan, 2009). 

The researchers Barison and Santos recommend students to make a volume/mass representation of 

the house, carry out an investigation of primary components (doors, windows, panels and furniture) and, 

based on his/her research, develop and refine a new component.  

The engineering student identify a construction component of his choice in the Structural and/or 

Mechanical, Electrical and Plumbing areas, make a list of the necessary information required for the 

construction of that component, categorize this information throughout the life cycle to show how it can 

be linked and managed from a life cycle perspective and decide how they should be shared with the 

other subject-areas (Koch and Hazar 2010, Brown, Peña, and Folan, 2009). 

The assessment of the students can be conducted through individual exercises, written exams about 

BIM concepts and their presentation of models (Barison and Santos 2010b). 

2.6.2 Intermediary Level 
At this level, BIM can be taught in Integrated Design Studio and Building Technology courses. The 

purpose is to develop some of the skills a BIM Analyst possesses while strengthening the skills of a BIM 

Modeler. As seen in Figure 5, the prerequisite are the Design Fundamentals, Graphics Representation, 

and BIM Concepts, and finally one BIM tool must be mastered (Barison and Santos 2010b).The 

objective is to learn about other BIM tools and advanced techniques in 3D modeling, to know building 

systems and to explore features of the families in a BIM tool (Barison and Santos 2010b, Brown, Peña, 

and Folan, 2009). 
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The students construct a BIM model, this time in teams where each of them plays a specific role (HVAC 

sheet metal, sanitary drainage, process piping, water distraction, electrical control systems and 

telephone/datacom systems for example). Each team of students merges the individual models in a 

common BIM, detects interferences, prepares review reports, resolves conflicts, extracts quantities, 

plans and schedules and analyzes costs. A rotation of roles is recommended, because this alternation 

of roles discourages individual learning and the student can become an expert in a particular subject-

area. (Taiebat, Ku, and McCoy 2010, Holland et al. 2010, Dederichs, Kalshoj, and Hertz 2011, Wu, Issa, 

and Giel 2010). 

As this step, modeling or carrying out analytical activities can take a lot of time, a viable solution is for 

the teacher to provide a model already completed for the students so that they can carry out various 

types of analysis. If there is time for the student to construct a model, the teacher must provide complete 

2D electronic documentation and a description of the project that has to be modeled. The students must 

learn BIM standards, contracts, how to set up the modeling protocol and how to share the central file, 

before starting the project (Brown, Peña, and Folan, 2009, Korman and Simonian 2010, Chipley 2010, 

Taiebat, Ku, and McCoy 2010). 

The Project that is modeled must be of an existing small building, with a fairly square shape and, modern 

in style. It should allow the student to explore important design issues; in addition, it should be 1000 to 

50000 square meters in size and located within or near the university. The student can prepare 

sustainable design solutions to improve the physical environment of the building. They can also visit the 

building to identify any discrepancies between the model and the actual project. (Wu, Issa, and Giel 

2010, Rashed-Ali et al. 2010, Barison and Santos 2010b, Brown, Peña, and Folan, 2009). 

The evaluation may include submission of files, tool integration and Clash detection, CAD, IFC, PDF, 

as well as demonstrations of the model, checking the process used in the modeling and assessing the 

lessons learnt in the course (Korman and Simonian 2010). 

2.6.3 Advanced Level 
At the advanced level, Barison and Santos recommend BIM to be taught in Management Construction 

and the Interdisciplinary Design Studio (also called the Professional Collaboration Studio). The purpose 

of the teaching is to develop some of skills of a BIM Manager. As a prerequisite, the students should 

have knowledge of Building Technology/Building Science, Professional Practice, Construction 

Materials, Construction Methods and be experienced in the use of the main BIM tools (Barison and 

Santos 2010b). 

The objective is to learn BIM techniques and related processes such as interoperability, concepts and 

tools for BIM management, BIM implementation, cases, team process and team dynamics (Barison and 

Santos 2010b, McCuen and Fithian 2010). 

The students construct a BIM model, working in a team, but with students from other programs. The 

teacher does not allocate the roles in a traditional way but instead, the teams are chosen by the students 

themselves through a process of self-selection based on individual preferences and skills, but with the 
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assistance of the teacher (Hyatt 2011, Barison and Santos 2010b, McCuen and Fithian 2010, Dederichs, 

Kalshoj, and Hertz 2011, Starzyk and McDonald 2010). 

The project that has to be modeled should be an existing building that has a slightly more complex 

structure, between 5000 and 15000 square meters in size. It should have easy access for visitors, with 

information (plans and details) available, and if possible, chosen by the students (Barison and Santos 

2010b, Salazar, Vadney and Eccleston 2010, Holland et al. 2010). 

The students from each program create a model that is relevant to their respective subject-areas. At this 

stage, the main issue is that of communication because of the differences in the ontologies of the 

different subjects (Barison and Santos 2010b). The students propose a workflow for the project and 

update it along the way as needed (Holland et al. 2010). The final presentation should include an 

examining panel consisting of the faculty, real project consulting and, if possible, the ownership team 

along with the contractor, who will carry out a comparative review of the real project contractor (with 

regard to lines items costs and schedules) and the estimates and schedules of the teams of students 

(Holland et al. 2010). The evaluation can be based on how the project has been conducted, in the visual 

and verbal presentations of BIM, readings, BIM case studies, participation in the classroom, reports 

about technical visits, integration of team members and ‘lessons learned’ (Barison and Santos 2010b, 

Holland et al. 2010).  

The three levels proposed by Barison and Santos are based on the aim of the training: there are level 

of competencies. An advantage of this repartition of competencies in three levels is that for example, a 

degree that aims only to integrate BIM training in the degree but not to form specialists could just 

integrate the first level “Introductory”. Students would be able to use BIM basically even if it is not their 

principal work tool, if they doesn’t use it every day. A degree more specialised on BIM could integrate 

the three levels to provide a full BIM program, training BIM specialists. 

However, in the present case, as the first BIM level integrates only courses of basic modelling, it is not 

appropriate to teach the first BIM level as an introduction of BIM if it integrates only modelling and not 

the concepts of BIM as collaboration, coordination, and also how to understand a BIM project. Especially 

because engineers, architects who will use BIM only with an objective of control, of utilization of the 

project for the construction phase, doesn’t need necessarily to know how to create a BIM project, but 

above all they need to know how to understand a project and make a good interpretation of it. 

Integrating an introduction of BIM in all architecture and engineering construction degrees would already 

be a major step forward for BIM education, permitting to everyone on a construction project to use BIM, 

even if they are not specialists. A complete training could be able only for students who aim to become 

BIM dedicated drafters and modelers. Like this, it would be easier to integrate BIM into the curricula and 

BIM “basic” education would be set up more quickly. Nonetheless, a larger number of hours is necessary 

to train BIM specialist. It is why some degrees specialized in BIM, but including also the essential 

knowledge of construction, should be created because as BIM is developing strongly, the need of BIM 

specialist is indisputable. 
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Just to give some examples, an interesting study conducted by Pickas and Sacks (2011) is presented 

in Annex 1. It refers to the interview with educators of three universities which already teach BIM 

(Stanford, Southern California, and Israel Institute of Technology) on their approach to BIM education 

(Motivation for teaching BIM, BIM content offered, Conception of BIM, Approach, Teaching methods 

and BIM integration). It will not be detailed here but it is an example of how BIM education can be 

approached, from different points of view, some of them joining the ideas mentioned before. 

2.7 CONCLUSION 
The first stage in implementing BIM as a part of the curriculum, is to find out what levels of BIM 

proficiency a student must obtain, and what BIM skills must be taught to students. Universities must also 

adopt a strategy, like only integrating a basic BIM introduction into their degrees or creating a new 

degree more dedicated to BIM. Like this, a student who follows only a basic training of BIM could always 

learn more about BIM later, during his professional life but at least he will have the basic knowledge that 

architects and engineers often don’t have today. In addition, students who want to become BIM 

modelers, BIM managers, could choose a course more dedicated to BIM that would be more focused 

on their expectations that could offer them different opportunities in term of jobs than in a more common 

construction degree. Even if this perspective can seem to be insufficient to develop BIM, it would be a 

major advance for BIM education.  

In terms of knowledge, Pikas and Sacks (2011) determined, by collecting the opinion of professionals 

from the construction industry, the BIM skills they expect a BIM specialist to have learned into his training 

program. This first study can help universities in their BIM implementing process, to know what to teach. 

In terms of integration on the curriculum, Barison and Santos (2011) identified how to teach those 

competencies at school, with pedagogical methods. For them, the teaching resources should include 

BIM tools appropriate for each subject. Moreover, Barison and Santos recommend the teacher to 

support open standards. This study results can be also important for universities who don’t know how 

to teach BIM. 

However, the existing studies on BIM education are not enough focused on the competencies required 

depending on the learning outcomes. Indeed, those studies seem only to concentrate on BIM specialists 

training. But it is not the only need of AEC industry and academia cannot train all construction students 

as BIM specialists. The training should be even longer, cost a lot more and it would not be possible for 

the majority of universities. 

The studies seem to be based on an “ideal training” but that seems not applicable to all construction 

degrees, but only to degrees specialised on BIM. For the BIM to be completely adopted in the 

construction sector, every architect or engineer must know how to use BIM basically. And as it is a really 

complex tool, it is impossible to train everyone enough to know all the details of this tool. 

Nevertheless, there is one point on which almost all studies are in agreement: they recommend that the 

academic world and industry should form a partnership for knowledge transfer. 

 



p. 21 
 

3 TRAINING PROGRAMS FOR PROFESSIONALS AND 
CERTIFICATIONS 

The apparition of digital technologies is bringing a lot of perturbation in the construction sector, because 

this revolution has the potential to drastically change the way of working. Indeed, according to a recent 

industry survey, 93% of construction companies believe digitalisation will affect each of their processes 

(Berger, 2016). 

However, according to the same survey, 100% of companies declared not yet having exhausted their 

digital potential. Another recent report highlights that the construction sector is the second least 

digitalised, after agriculture (McKinsey, 2016). 

And this delay is partially due to the lack of staff having suitable digital skills, although 82% of European 

construction industries recognize having digital skills will be partially essential for getting a job (World 

Highways, 2015). Nowadays, the digital skills requested in the construction sector are BIM skills. 

Indeed, the technological advance that BIM represents constitutes a lot of opportunities for the sector, 

although their full potential cannot be achieved without a suitably skilled workforce. 

Actually, as seen in the first part, universities, architecture and engineering schools only begin to 

introduce BIM courses in their curriculum and it will probably take some years before academia will 

graduate BIM-ready students. However, BIM is already here, in more and more construction projects 

and construction professionals, already graduated, do not have the necessary skills to use BIM. It is 

why education and training of construction professionals is inevitable. 

The present Figure 6 investigates the participation of individuals, and specifically adults (aged between 

18 and 64 years old), in education and training programmes in Europe. 

Several countries present high shares of adult participation in education and training in two principal 

construction sub-sectors (namely narrow construction and real estate). For instance, Denmark, Finland, 

and Sweden led the top of the distribution in 2017, while Slovakia, Croatia, Bulgaria, Cyprus, Greece, 

and Romania were located at the tail of the distribution (Figure 6). 

 
Figure 6: Share of adults aged 18 to 64 participating in education and training (Source: Eurostat, 2017) 
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In some European countries, construction professionals have little or no participation in all sorts of 

education and training programs, including BIM education and training programs, despite their 

necessity. Concerning BIM, this observation can be explained by the novelty of the tool and the fact that 

in some countries it is not used yet. But it can also be explained by a lack of training programs, their 

price, their inefficiency sometimes or more simply because professionals don’t know towards which 

program they have to turn to. 

To understand what is BIM training for professionals, in Europe particularly but also around the globe, 

it is important to focus on the existing programs, and as a first step on the target audience of it. 

3.1 STAFF CONCERNED BY BIM TRAINING 
Generally, design companies train personnel to work with BIM exclusively in the office. Office users 

include BIM design technicians, BIM managers, and other users with responsibilities exclusively related 

to the BIM environment. On the other hand, contractors might also need to train field personnel lacking 

expertise in BIM software, often only used intermittently in the field (Pena, 2011). 

However, BIM training is not limited to office personnel exclusively. In some cases, personnel not directly 

involved in the generation of drawings and documents also require BIM training, as engineering staff 

and field personnel. This especially applies to construction companies that need project managers to 

be BIM enabled in the field. For these users training must be relevant, concise, and specialized. 

Generally, the company sets up the organizational chart and decides the expected level of BIM 

involvement from each individual (Pena, 2011). 

Now, if a student graduated from a construction curriculum or an engineer/architect, having no 

knowledge about BIM is working in a company which wants to adopt the BIM tool, his/her possibilities 

for being trained are quite different. 

3.2 TRAINING PROGRAMS AT THE DISPOSAL OF PROFESSIONALS 
First, some employees concerned are called to follow advanced training programs, and the others 

generally only follow sensitization operations to BIM. 

The last will mainly be dedicated to the decision makers to give them information about the benefits of 

BIM, how to implement BIM in their company, giving them advices, explaining the advantages and the 

disadvantages. 

The advanced programs can be distinguished from two different ways:  

- The ones about BIM product documentation. They are training made to learn BIM more deeply, 

focusing on a special BIM tool. Generally BIM software editors propose online training 

composed by tutorials, videos, documentation, forums specific to their software (online training 

will be the subject of a third part in this report). 
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For instance, on Autodesk Revit website are available thousands of articles mainly for 

intermediate level about specific points or problems the user can found. Here are some 

examples of the available training sessions (Table 6). 

Table 6: Examples of BIM product documentation of Autodesk Revit (Source: Autodesk website, 2018) 

The Advance Steel Extension for Revit 

Add a Linear Dimension 

Create a Floor 

Electrical Systems 

 

- The ones about work methods, to teach how to use BIM since the beginning, how to model, to 

collaborate. In clear, those courses intend to teach a full job in a few days! There are not only 

tutorials but real courses, with supervisors and a pedagogical approach. External companies 

and in-house staff, in the company or outside of the company, can deliver this type of BIM 

training as detailed in Figure 7. 

 

 

In-house company training 

We talk about « in-house training » when training is provided in the work place of the company. Usually, 

companies with experience in BIM tend to have a formal BIM trainer or a BIM manager in-house that 

delivers training classes. Those training programs are conducted by company staff with the necessary 

skills to teach BIM.  
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Figure 7: Possibilities of BIM training available for professionals 
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In house training/education by company staff 

Be careful, sometimes there is in the company a senior technician who can help the beginners with BIM 

how to use it, as he always did, but it is not what “in-house training by company staff” means. The staff 

dedicated must be trainers, providing a specific training about BIM and not only an employee who knows 

how to use BIM. 

The main barrier to “in-house training by company staff” is that the company must have first those 

professional trainers inside the company. For that, the company must train those employees by external 

trainers or hire them. However, there is a great cost for the company, even if it can become later an 

advantage for the company. To guarantee the quality of the training provided and its updating, the BIM 

technical specialist Fuhrman (2017) advises the companies “to provide opportunities for the trainer to 

attend seminars and conferences (like Autodesk University), to purchase books and other resources to 

inform and equip the BIM trainers, to plug them into local user groups. The better equipped the trainer, 

the better the trainings will be. In addition, they can also follow industry trends and network among 

peers” (Fuhrman, 2017).  

In house training/education by external trainers  

Generally, companies with little experience in BIM turn to an external BIM trainer who delivers training 

classes. Sometimes, those external training companies offer the possibility that the trainer can come to 

the company work place.  

Those training programs are often expensive comparing to having this personnel within the organization, 

but it permits to avoid having specific BIM trainers in the company staff and ensure (in most cases) a 

quality training. Those externals can deliver training at the premises of the company, providing a cost 

effective way of training a larger group. 

In both cases, when the training is made by staff or by externals, in-house training requires the right 

infrastructure, such as a dedicated training space, to be available.  

Concerning the duration of the courses, D. Holzer (a leader in BIM expert consulting with design and 

construction firms in Australia) recommends for both in-house training, that depending on what needs 

to be learned, training sessions can be spread over a long period with short sessions. Nevertheless, he 

says that it is not advisable when it comes to learning how to model or to coordinate BIM: a consolidated 

effort across two to three days makes the most sense (Holzer, 2015). 

An advantage of in-house training is that an organization’s actual project template can be used during 

the training regime. Operators are trained in the working environment they will later be using as part of 

their project work. The firm’s own user interface, organization-specific templates, and other settings can 

all be used, which will provide a more familiar context to those who go from training directly to working 

on a project. 

A disadvantage of this practice is that staff get easily swamped with their day-to-day duties during 

training. In addition, it is easy to lose focus if those attending the training are not sufficiently disciplined 
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to stick out the two to three days usually recommended to go through a focused training module (Holzer, 

2015). 

3.2.1 External training 

Many companies and more often companies new to BIM use external training companies, which usually 

comes as a substantial expense that in some cases would affect the decision of whether to implement 

BIM (Pena, 2011). 

For those companies, three possibilities appear. 

 

External training/education 

Finding a BIM training centre, in which the company can register employees for short training sessions. 

Those ones are less expensive than having staff dedicated to training or external trainers in-house. 

However, the sessions offered have mainly a short duration of one to five days, which raises the question 

of how to master a complex tool as BIM with such short programs. The answer is that those courses are 

often only theoretical, the time dedicated to the application of the concepts learned is part of the work 

time and the learning is a continuous process, alternating education at a training centre and applications 

at work. 

This type of training can be a good compromise for some companies. Indeed, having staff trained 

externally frees up the time of the BIM Manager who can rely on staff getting educated by experienced 

training providers in a dedicated environment. 

Moreover, depending on the amount of staff to be trained per session and the relation to the third-party 

training provider, firms can request for their own templates to be used. 

But sometimes, adequate external resources might be very limited depending on the geographic area 

where the company is located, and the nature of the company. BIM Managers sessions are also often 

hard to schedule due to the short notice they usually receive (Holzer, 2015). 

 

Concerning the content of the programs, here are in the Table 7 below three examples of training 

programs offered in UK, Australia and France and which are similar to most of the training sessions 

offered by external companies. 

Table 7: Examples of BIM training sessions content by external companies 

BSI (UK) Strategic 

understanding 

of BIM 

1, 2, or 3 

days 

training 

To give construction project and built asset decision 

makers a strategic understanding of the business case and 

other benefits of BIM to their organization, their 

clients/stakeholders and supply chains 

BIM 

implementation 

2 days 

classroom 

Help delegates in obtaining the benefits of digitization, lean 

and collaborative approaches on the delivery and use of 

built assets. Introduction to BS 1192 and collaborative 

working 



p. 26 
 

BIM 

Fundamentals 

1 day 

classroom 

Overview of the standards that define BIM Level 2 and the 

fundamental processes of a Common Data Environment 

BIM Master 

Classes 

3 hours 

course 

To gain knowledge and experience in regards to 

implementing BIM standards 

CITB 

(Australia) 

BIM 

Fundamentals 

2 days Basic themes and knowledge required to understand the 

principles of BIM 

BIM Advanced 

Concepts 

2 days Procedures and processes in regards to delivering BIM in 

line with client requirements and objectives to ensure 

teams understand the documentation, skills and abilities to 

promote BIM and enable future business 

Competency 

Assessment 

1 day  

Man and 

Machine 

(France) 

BIM Manager 3 days Value of the BIM ; Deployment of the BIM ; BIM Skill 

assessment ; IFC and openBIM ; BIM for the Technical 

Networks ; BIM for the Structure ; Workflow Coordination 

and quality control ; BIM execution plan 

BIM 

Coordinator 

5 days Introduction to Revit Model Checker ; Generation of 

reports ; Add realistic textures and lights ; Control of the 

interferences ; Models-types and display ; Management of 

the merged models ; Check of models 

BIM Modeler 5 days Training concerning the exchanges of data IFC and BCF; 

Quality control by the model IFC ; Reading and application 

of the directives BIM and the BIM execution plan ; 

Understanding of the use of parameters in the BIM models 

; Application of the specific rules of modeling to the 

projects ; Implementation of the technologies of 

coordination 

Those programs are focused on three different levels of competency that correspond to the levels 

recommended by Barison and Santos for BIM education and school: 

- An introductory level, that gives to the participant basic knowledge about BIM, how does it 

works, its value, general information; 

- An intermediate level, that aims to teach the processes of models checking, of collaboration 

with other users, collaboration and coordination; 

- An advanced level, to teach how to model, to apply standards, exchange with BIM, use 

parameters. 

Most of the programs proposed dedicate an important part on standards, which were not mentioned in 

the requirements in terms of skills by Sacks and Pikas or in the BIM education model by Barison and 

Santos in the first part. Indeed, BIM is collaborative. Standards describe the shared process, structures 

and definitions that allow collaboration. For collaboration to be successful, collaborating parties need to 
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adhere to agreed standards. For instance, in the UK most of BIM users follow the British Standard BS 

1192:2007+A2:2016, which describes the collaborative production of architectural, engineering and 

construction information, or PAS 1192-2 that specifies requirements for BIM Level 2.  

And as the use of BIM will be in years to come more and more regulated, the learning of BIM must be 

based on the regulation of the country, to permit educated individuals to apply directly what they learnt 

and not to be confused, losing time and money by having to pass through others training sessions later. 

However, many countries do not have yet this sort of standards and it is one of the obstacle faced by 

BIM training. It is much more difficult to train effectively individuals without any context and rules to 

follow. 

Another remark concerning the training programs at the disposal of professionals is that they have a 

very short duration of five days maximum for each level as mentioned before. They are intensive 

courses, which are more about education than about training, as training will be the next stage of the 

apprenticeship in the company, on real projects, by applying the knowledge acquired during the 

program.  

Continuous education 

There are a growing number of options for graduates looking to gain postgraduate BIM education. BIM 

Masters degrees are one-year training, which bring together architects, engineers, construction 

economists and others and are addressed to young postgraduates or seniors.  

It is likely the more general training in nature. It offers workshops, courses, training, and sometimes 

offers a part-time basis. 

In France, a recent BIM Master has been created by “L’école des Ponts ParisTech” and the “ESTP 

PARIS”. This program is compatible with a professional activity at a rate of one unit of one week per 

month, during one year. The program is composed by 400 hours of teaching, a professional mission 

and finally a professional thesis to submit. A part of the lessons is made at a distance, through an online 

platform. 

Those types of training have, like others, advantages and disadvantages. 

In terms of advantages: 

- The training is probably the more complete offered for professionals, because of the number of 

hours dedicated that is dedicated to all aspects of BIM: the benefits, the coordination, the 

collaboration, modelling, environmental approach, economic dimensions, juridical dimensions 

etc. 

- As the training brings together students but also professionals of all construction backgrounds, 

it is even more relevant for teaching BIM. 

- The individual following this program can apply the concepts learned one week by month during 

the others weeks at work. 

- It delivers a diploma that permits a recognition of the training program by professionals. 
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In terms of disadvantages: 

-  The individual must, one week per month, go to the training centre, which can be far away from 

its work site (while e-learning is not totally implemented). 

- There is a reduced strength for each master (78 places maximum for the French BIM Master –

Source ESTP, 2018), which implies a selection: not everyone can follow this course. 

- The cost of those degrees is generally significant (14 000€ to 17 000€ for the French BIM Master 

– Source ESTP, 2018). 

Online training/education 

A new type of BIM training is progressively appearing: the e-learning training offers. As they are online, 

their price is significantly reduced and they can be addressed to everyone, customizable for each. The 

individual can choose when and where to do it.  

In brief, this type of training seems to have a very bright future. It is why more information about BIM e-

learning will be provided in the third part to this report. 

3.3 CERTIFICATION OF TRAINING PROGRAMMES 

“Even before speaking about professional recognition, there would have read gates and reference tables 

of BIM skills at the disposal of companies to hire or to manage in house careers,” as reminds it Marie-

Claire Coin, normalization expert, director Convergence BIM Vinci construction France (Media 

Construct, 2017). The works of normalization on BIM concern in particular the standardization of 

exchanges and processes, what is going to help in the definition of referenced jobs and certifications. 

The thinking about the definition of the skills and the normalization thus follow a common way. 

In most European countries, there are still no certifications and no clear definitions of jobs and of 

competencies related with BIM. However, certifications are essential to promote BIM in the construction 

industry. Employers want to attract and retain well-qualified, ambitious professionals who not only work 

hard, but also help them win new projects and gain industry recognition. And it is the goal of 

certifications: they define clear competencies, jobs, and by that, they permit to develop the offer of BIM 

training and its recognition (buildingSMART, 2018).  

3.3.1 Existing certifications 

There are two types of certification existing so far.  

Software editors certifications 

The first are the certifications delivered by the software editors. For instance, Autodesk editors propose 

a certification for Revit software. For that, the company involves an independent American provider of 

certifications, Certiport. Certiport exams are delivered through an expansive network of over 14,000 

Certiport Authorized Testing Centers (CATCs) worldwide, and for many softwares like Microsoft’s 

softwares, Adobe’s, Autodesk’s (Certiport, 2018). Even if the group is American, they are CATCs in all 
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Europe because of the fact that any university of training centre can easily become an exam centre, 

purchasing only the appropriate exam software to Certiport. 

Autodesk recommend having 400 hours of experience with the software and having of course followed 

Autodesk training programs at an Autodesk Authorized Training Center before completing the “Autodesk 

Certified Professional” exam of Certiport. The exam has a duration of 120 minutes and is composed of 

35 questions. For each software, a record of all competencies required for the certification is available.  

To prove the efficiency of its certifications, Certiport relies on a study from the Florida Department of 

Education, Division of Career and Adult Education by Rod Duckworth, named “Career and Professional 

Education Act Enrollment and Performance Report” (Duckworth, 2016).  

This one was based only on the tests available for students certification (with a level required highly 

inferior to the one required for the professional certifications tests). It showed in American academia an 

average grade point average of 3.09 for students with certification compared to 2.72 for students without 

certification, and that 97.2% of students with certification graduate compared to 83.9% of students 

without. Those results are not really significant and there is no study about the efficiency of the 

certification for professionals. 

Archicad, Tekla also propose this kind of certification. However, as those certifications are delivered by 

private organisations, without any common reference of competencies, of jobs, their efficiency with 

customers and employers seems to be limited. 

Certifications at a national level 

In the United Kingdom, where the sector of the building is impacted by the BIM as much as in others 

European countries, two systems of certification are recognized: the RICS (Royal Institution of Chartered 

Surveyors) and the BRE (Building Research Establishment). Both are international, independent 

professional organizations. 

These two institutions allow a professional to follow an accreditation program in BIM manager's job: he 

so has the possibility of acquiring managerial skills and, especially, of crossing a certification which 

confirms its business expertise and assures him a credibility as specialist of the BIM.  

The Table 8 below summarizes the applicant guide of each certification in terms of eligibility, application 

and maintenance of the certification. 

Table 8: Applicant guide of principal UK BIM Certifications (Sources: BRE, 2018; RICS, 2018) 

 BRE “BIM Practitioner Certification” RICS “BIM Manager Certification” 

Eligibility All applicants must have: 

- Professional qualification (e.g. 

HND or equivalent, Degree) 

- And/or membership of a 

professional institution (e.g. 

All applicants must have: 

- Five years of experience in a 

relevant sector, such as 

architecture, engineering or 

construction 
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CIBSE, CIAT, RICS or RIBA) or 

submission of a CV which 

demonstrates at least two years 

relevant experience  

 

- RICS, any degree or a recognised 

professional qualification 

- 12 months of practical BIM 

experience either in cost 

estimating or construction. 

Application The applicant must provide: 

- Evidence of professional 

qualification; 

- Successful completion of an 

audit, demonstrate knowledge 

and understanding within their 

audit form or documented 

evidence; 

- Payment of applicable fee (£399); 

The applicant must provide: 

- Career history; 

- One case study (2 000 words) 

- Written assessment completed by 

trained members; 

- Payment of applicable fee 

(around £300 initially + annual 

subscription of £175); 

Maintenance 

of 

Certification 

- Members shall undertake a 

minimum of 15 hours relevant 

CPD by the end of each year of 

membership; 

- The certification must be renewed 

every three years. 

- Members must undertake a 

minimum of 5 hours of CPD on 

BIM-related topics annually; 

- The certification must be renewed 

every three years. 

 

The requirements for both certifications are similar, excepting that the RICS specifies a minimum period 

of practical BIM experience whereas the BRE only requires a professional qualification in construction. 

The certification has to be renewed every three years, which guarantees that the professional always 

has the required competencies to work with BIM. It is an important aspect, as BIM is a digital technology, 

synonym of continuing evolution. The type of questions of the BRE audit or of the RICS assessment are 

not disclosed and it is why it is difficult to get an idea about the real required level to obtain those 

certifications. 

Nevertheless, both organizations shall make available a list of required competencies for the certification 

that seems quite complete, distinguishing five core competencies: 

- BIM Initiation; 

- BIM Process; 

- BIM Collaboration and integration; 

- BIM Technology (optional); 

- BIM Commercial and contract (optional). 

The BRE and RICS also offer BIM training courses, with e-learning or not that aim to prepare the 

professionals for the certification. 
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Those two organizations thus seem to offer services very similar to those provided by the software 

editors. They are also independent and private organizations. The differences between those two is that 

the editors training programs and certifications focus only on their software, thus preventing the 

possibility for the certification to be used by professionals of all a country because of the variety of 

software used for BIM. The BRE and RICS BIM certifications are not limited to one software and that is 

in part why those certifications are so widespread and used in UK.  

In addition, those certifications permit a normalization of BIM competencies and jobs for simple reasons: 

- They identified required competencies to obtain the certification and so to be able to work with 

BIM. In this manner, by choosing competencies appropriate to industry requirements, they 

obtained the recognition of the construction industry; 

- By creating a certification available for all professionals, those organizations permitted to 

normalize the competencies required for the certification; 

- As the certifications have created normalized competencies, BIM training has to adapt and to 

create suitable courses. It is true for training for professionals but it can be also for BIM 

education at University, which could prepare students to those certifications. 

In this way, the certifications permit to create a common repository that is used for BIM education at 

school, in training centre, and in the industry. It’s why they became more and more recognized and are 

now a reference in UK, for customers and employers to know which professional really has the 

appropriate BIM competencies or not. Finally, those organizations have helped to considerably enhance 

the development of BIM in the country. 

It is thus essential to develop a similar system of certification in the countries that don’t have any 

certification truly recognized, even if the accreditation body is private or public. The essential is to 

normalize competencies and jobs, to create common references as suggested by Sacks and Pikas 

concerning the BIM competencies for BIM education at school. 

The best would be of course an international accreditation, to permit construction actors to promote their 

competencies across the frontiers. And it is the project of the European Union, that has initiated recently 

a project dedicated to the harmonization of BIM competencies in EU, in order to align the BIM training 

offer to the maturity of the sector. The name of this project is BIM4VET. 

3.3.2 BIM4VET Project: An harmonization of BIM competencies in EU 

BIM4VET (VET meaning Vocational Education and Training) is a European research project which 

began in September 2015. It was created with the co-funding of the European Commission and is carried 

out by three institutions already active in BIM research and training: Cardiff University (UK), the Atomic 

Energy and Alternative Energy Commission (CEA), and the Luxembourg Institute of Science and 

Technologies (LIST) (BIM4VET, 2018). 

BIM4VET is defined as an Erasmus+ project, within the framework of cooperation for innovation and 

exchange of good practice and strategic partnership in the fields of education, training and youth.  
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The initial budget was about almost 300 thousands euros and with a development during 2,5 years 

before being available. 

The main objective of BIM4VET is to align the BIM training offer in EU to the maturity of the sector. For 

that, it aims at developing: 

- A European harmonised competence matrix for BIM actors, matrix of skills, transparent and 

harmonized for the actors of the BIM through Europe, to normalize on the scale of the European 

Union the tasks and the process BIM taking into account the existing international 

developments. 

- A BIM qualification maturity’s assessment method that will assess BIM actors’ collective and 

individual competences. 

The expected results thus are: “the coordination of BIM training offer in EU and a raising awareness 

about the necessity to adopt an EU transparency of this offer” (BIM4VET, 2018). 

Here are the different stages of the project to achieve those results (Figure 8). 

 

1) Definition of BIM roles, on the basis of two recent works of BIM researchers: 

- The BIM BOK (Body Of Knowledge), G.K. Mayo, W. WU, T.L. McCuen, 2017.  

The authors of this book tried to standardize the level of expectation and benchmark job task 

performance for emerging BIM job titles (e.g. BIM Engineer, BIM Manager, BIM Coordinator, 

and BIM Director), and created the baseline performance measurement for BIM education 

accreditation, professional credentialing and certification. A total of sixty-seven BIM BOK line 

items were developed and consensus levels were achieved by subject matter experts, defining 

four levels of implementation; four roles of users; three levels of performances; and two types 

of knowledge. 

- The BIMExcellence Performance measurement project, Change Agents, 2017. 

Change Agents is an open innovation business focused on BIM, founded by Dr. Bilal Succar 

back in 2004. Change Agents invested recently in researching BIM competency/capability and 

in developing the tools needed to measure them. As a direct outcome of this research, Change 

Agents developed BIM Excellence (BIMe), an approach for identifying, measuring and 

improving the BIM competency of individuals, organizations and teams (levels and distribution 

1
Defition of BIM roles

2
Definition of BIM 

competencies

3
Evaluation of BIM 

skills

4
Evaluation of 

competencies with a 
platform

Figure 8: Chronology of BIM4VET project (Source: BIM4VET, 2017) 
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of skill, knowledge and experience among staff). These competency data are used to generate 

detailed benchmarks and aggregate competency profiles. 

Based on those projects, BIM4VET researchers identified three profiles: BIM Manager, BIM Coordinator 

and BIM Author. Here are the descriptions of each profile (Figure 9). 

 

Figure 10: Example of skills obtained in BIM4VET project, associated to each BIM profile (Source: BIM4VET, 
2017) 

Manager (Project Level)
•Project co-ordination and standards compliance lead

Coordinator (Team Level)
•Senior Staff member who oversees co-ordination and standards 
compliance within their team

Senior Author (Team Level)
•Senior Staff member who produces desgin outputs such as models, 
drawings, schedules and reports for their team

Author (Team Level)
•Junior Staff member who produces design outputs such as models, 
drawings, schedules and reports for their team.

Figure 9: Position description of BIM profiles (Source: BIM4VET, 2017) 
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2) The LIST, coordinator of this European project, developed a European matrix of skills 

for the BIM actor, by association of skills to profiles, always with the help of the 

precedent works of BIM BOK’ authors and BIMe Project. A list of skills, each one 

associated to one of the four profiles mentioned before, was obtained (Figure 10). 

 

3) Assessment by a panel of experts 

To insure the recognition and the validation of the results of the project at European level, 

all the interested parties were invited to become experts' BIM4VET committee members. 

By their comments on the productions of the project and by their participation in the test of 

evaluation of the skills, these experts will guarantee the quality of the results. 

Indeed, these experts are acting on their behalf, expressing European actors personal and 

active points of view in an independent way, that is representative of private and public 

bodies, research bodies, professional associations, etc. It is why they were invited to assess 

the validity of the competencies and their link with profiles. 

This part of the BIM4VET project corresponds to a “Delphi technique”, mainly developed by 

Dalkey and Helmer at the Rand Corporation in the 1950s, widely used and accepted for 

achieving convergence of opinion concerning real-world knowledge solicited from experts 

within certain topic areas.  

Considering the financial constraints and lack of critical resources to insure that the BIM 

profiles and competencies can apply to all EU countries, the Delphi technique is particularly 

valuable when the opinions and judgments of experts and practitioners are needed but time, 

distance make it impossible for the panel to work together in the same physical location 

(Yousuf 2007).  

Procedurally, the Delphi technique is designed as a group communication process for 

consensus building by using a series of questionnaires in multiple iterations to collect data 

from a panel of selected subjects with the researcher acting as a facilitator (Yousuf 2007). 

Thus, in a Delphi study, the results of previous iterations regarding specific statements 

and/or items can change or be modified by individual panel members in later iterations 

based on their ability to review and assess the comments and feedback provided by the 

other Delphi panellists (Hsu and Sandford 2007). 

 

BIM4VET team sent first 45 questionnaires to BIM experts distributed in the European Union and 

received 18 answers. They completed this method by sending again an invitation to the 18 first 

respondents. 

Here is an example of a questionnaire for a given profile (Figure 11). 
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Figure 11: Example of questionnaire for the Delphi method of BIM4VET project (Source: BIM4VET, 2017) 

4) After that, when the profiles and competencies are defined and validated by experts from all 

around EU, an assessment process for individuals will permit to obtain the user maturity of each. 

This step will allow the evaluation of the collective and individual BIM skills of the actors who work 

together on a project of digital model using the BIM processes. 

The users will follow the following steps (Figure 12). 

 
Figure 12: Stages the BIM4VET user has to follow for his BIM maturity evaluation (Source: BIM4VET, 2017) 

When all those steps will be complete, BIM4VET will have created a platform permitting each user to 

evaluate his/her BIM competencies in the same way of all users in EU.  

BIM competencies will be harmonised and it will permit to adapt the training offer to the maturity of the 

sector, to normalize the training and so to give more recognition to BIM training, promoting it and so the 

BIM use in a common way, in a few countries. 

The next step will be so to accredit training programs, and another international project precisely aims 

at normalizing them, the BuildingSmart International Professional Certification/Qualification. 

3.3.3 BuildingSmart International Professional Certification/Qualification 

buildingSMART is an international organisation which aims to improve the exchange of information 

between software applications used in the construction industry, and particularly for BIM. It has by the 

way developed a set of standards known as the Industry Foundation Classes (IFCs) as a neutral and 

open specification for BIM. 

Completed 
courses

•Specify the courses 
already completed

Competent 
Profiles

•State whether he is 
competent in any Profiles

Additional 
Competences

•State any additional 
Competences from the 
list of responsabilites
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BuildingSMART has three core programmes: Standards, Compliance and Chapters. These 

programmes have as objectives to develop internationally-recognised standards, tools, but also – and 

it will be the matter of this part - training and certification regimes to support the wider uptake of BIM by 

owners, operators, the Architecture, Engineering & Construction (AEC) and Facilities Management (FM) 

industries across the buildings and infrastructure sectors (buildingSMART, 2018). 

In July 2017, buildingSMART launched an international program involving a team of eight specialists 

representing the organization: Canada, Switzerland, German, Norway, UKI, Korea, Spain and Japan 

(buildingSMART, 2018). 

Contrary to the BIM4VET objective that is to standardise BIM competencies to indirectly the training 

content offer, the buildingSMART project wants to encourage directly the training organizations to 

provide a training content approved by bS international. 

Indeed, the program has the following goals: 

1) To support and accredit training organisations 

The project aims at helping the BIM training organizations to provide courses recognised internationally, 

by offering to customers buildingSMART (bS) approved courses. This part of the program will be carried 

out by the local chapters of bS, based on guidelines from buildingSMART International. 

For that, the organization wants to: 

- Train the staff of the commercial training organisations 

- Encourage these organizations to adopt the localised learning framework to have courses 

‘buildingSMART approved’. The organization will so benefit from the learning guidelines and 

support mechanisms of bS. To insure that these courses are appropriate to the construction 

industry need, bS insure that this program is designed with their industry professionals, and that 

it will be based on latest international development and best practices. 

- Deliver the buildingSMART qualification to the staff thus trained to demonstrate that the 

organisation has BIM competency for project acquisition standardized and is promoting 

openBIM training content. 

The approbation of training courses is announced with a cost about 1500 to 2500€ by year. Training 

institutes will be approved by their national committee (in conformity with the modalities defined by 

buildingSMART International). 

The accreditation of learning organisations for the «Professional Certification» program should start this 

year, in 2018. 

The second goal of the bS program is: 

2) To test and certify individuals 

When the first step will develop, several training organisations will offer bS approved courses. Individuals 

will have the possibility to follow a training course certified by the organization. If they succeed, they will 
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be able to undertake an online assessment to become “buildingSMART Professionally Qualified” 

(buildingSMART, 2018). 

In terms of content, the course will last 2 days (buildingSMART, 2018). The Learning Outcome 

Framework (LOF) for this project, essentially a list of learning objectives, is in working progress 

(buildingSMART, 2018). 

Both assessment and qualification will be managed via an online assessment platform, as presented in 

Figure 13.  

 

Figure 13: buildingSMART qualification online platform (Source: buildingSMART, 2018) 

The individual qualification will cost about 75 – 125€. Professionals who followed an “approved” course 

will have access to the online evaluation to validate their buildingSmart qualification. 

By this program, buildingSMART aims to developing a globally recognised qualification and mark of 

quality assurance. The success of this operation could lead to a harmonization a BIM training content 

and a recognition of BIM training by professionals. But of course, for that, the content of the bS approved 

courses and assessments must be pertinent and appropriate to the industry requirements, but this 

content is still currently not available. 

Both of the projects mentioned before are intended to harmonize BIM competencies and BIM training. 

For that, the certification is an essential assessment and will permit BIM training offer for professionals 

to develop particularly if the training and the certification are generalized at a national or international 

level, and above all if they are adapted to the industry needs. 

However, even if this training offer becomes widespread, each training program will probably not deliver 

courses concerning every level and aspects of BIM. Professionals will still need to know which training 

program is more adapted to their needs and to their actual BIM level.  
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3.4 HOW TO GUIDE PROFESSIONALS TOWARDS THE APPROPRIATE TRAINING 
PROGRAM? 

In each country developing BIM in AEC sector, it is important to provide construction professionals with 

a comprehensive picture of all training opportunities available and thus guiding them in their digital 

transition. 

In France, the national plan intending to digitalise the construction « Plan transition numérique » sector 

has created a webpage for the enumeration of the training programs.This webpage aims to guide 

professionals by presenting them an objective existing state of the art of the trainings programs, 

corresponding to their needs, and at the same time to give visibility to training institutions by clarifying 

the training offer according to the needs of trainees. 

It identifies companies offering continuous training, but also masters programs and centres for 

apprenticeship training. The criteria chosen to retain the formations visible on the website are: 

- The accreditation of the organism by a software editor; 

- The precise identification of the training program objectives and its adaptation to the trainees 

(by evaluating the admission procedures, the assessments, the competencies expected, the 

training program); 

- The evaluation of teaching resources, the qualification of trainers; 

- The consideration of the appreciations returned by the trainees; 

- The accreditation of the national inter-professional committee for employment and training. 

The interface is presented as a list of training programs, giving the title of the program, the location, the 

duration, and the organism. When looking for one particular training program, it is possible know the 

objectives, the pre-requisite and the detailed program, which type of companies are covered (in terms 

of size) and if the training program is delivering a certification or not. It is also possible to select some 

of those details in an advanced research, which make of this platform a pertinent tool for professionals. 

However, what we could regret in this platform is that it does not integrate the notion of levels, of BIM 

maturity. There is no classification of the training programs by difficulty and by competencies, which can 

complicate the research process and maybe discourage the persons looking for a specific training offer, 

or who will just have difficulty understanding if the programs proposed are adapted to their needs. The 

website also doesn’t take into account the cost of the program, which can be also a determinant factor 

in the choice of a training program. 

The BIM4VET project mentioned before has a second objective that is also to guide professionals 

towards the adapted training programs. Indeed, thanks to its first objective that was to define 

standardized competencies and to evaluate users BIM maturity being based on this benchmark, the 

platform aims after that to address recommendations of training programs, adapted to the user BIM 

maturity. This recommandation will be based on a list of available training programs, chosen with a 

conformity control made with an online survey (Figure 14). 
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Figure 14: Process of training programs recommendation (Source: based on BIM4VET, 2018) 

For the recommendation, a decision-support system will be developed to allow BIM actors to find 

adapted training offer in the context of their needs, and of their lack of collective and individual 

competences, when working on a particular project. 

The aspects studied for the recommendation will be: 

- The maturity of competences of the professional (or the team) VS the requirements of a future 

project; 

- The learning objectives of the training program VS the user objectives; 

- The localisation of the user VS the localisation of the training institute; 

- The cost of the training program; 

- The duration of the training program.  

For this recommendation to be possible, the training institutes and the professionals looking for training 

program will have to follow the steps below already detailed by BIM4VET developers (Figure 15). 

 

 

Step 1
•The host institution fills in the BIM4VET form in order to reference the training 
in the BIM4VET system;

Step 2
•The BIM practitioners fill in the BIM4VET user profile form on the web-
based platform

Step 3
•The practitioner select the filters (e.g. distance, cost, etc.) in order to 
compose the token and define the priority of each filter.

Figure 15: List of stages to follow in order to obtain a training recommendation on BIM4VET platform 
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The project also includes the conception of the interface through which the practitioners will make the 

research of a training program. They thought of an interactive display, a touchscreen table. This interface 

aims to make the process of recommendation easier.  

The BIM4VET developers detailed the next steps to follow on this tangible table to obtain a 

recommendation (Figure 16). 

Actually, the project team collected information from a hundred of training programs, distributed in 10 

European countries with a special focus in Luxemburg, France and UK. The offer covers mainly the BIM 

initiation with 1 to 3 days thematic training programs, but also BIM masters of one year in universities. 

This project is nearly finished and should be available soon this year (2018). By using the users’ maturity, 

the expectation for this platform is a better efficiency than the simple lists of training programs available. 

It can significantly make easier the research of BIM training, by helping users and so making more 

accessible the training institutes and bringing them new customers. 

However, a new kind of BIM training is appearing the last years. Even more accessible to all 

professionals and also to beginners: the online training also named e-learning. Based on content like 

videos, tutorials, all online, these questions are legitimate: is the efficiency of the online training equal 

to traditional training? What is the potential of those e-learning platforms and how to improve this new 

way of teaching? The third part of this thesis will try to answer those questions. 

  

Step 4
•The user place the token on the table and configure the filter (e.g. cost value 
between x and (x+n)

Step 5
•The practitioner selects the skills required on the touchscreen

Step 6
•The practitioner selects the recommended training courses by placing the 
token on the label. If one of the criteria defined before is not completed, 
the related facet on the token is highlighted

Figure 16: Touchscreen table in test for training programs recommendation (Source: BIM4VET, 2018) 
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4 BIM EDUCATION THROUGH E-LEARNING PLATFORMS 

4.1 CURRENT STATE 
4.1.1 Definition 
Emerging alternatives to in-house or external training are online training courses. Even if for many years 

until the early centuries, education was a group of students in a traditional classroom with teacher who 

led the teaching process, e-learning has recently become a promising alternative to the traditional 

classroom learning, helping society to move toward a vision of on-demand learning, which is possible 

since the computer evolution.  

The e-learning concept means all the computer based educational tools or systems will allow the 

learners to get their education anytime and anywhere, and it is the principal advantages of this new way 

of learning praised by the existing online training centres (Hammad, 2018). 

In the past the e-learning used the CD-ROM and the others computer-based methods. Nowadays the 

Internet has become the main method for delivering e-learning. With the start of the 21st century, e-

learning started to be used in business to train their employees and workers, to improve industry 

knowledge, and to create skillful workers (Hammad, 2018). By this way online degrees are provided to 

the people at flexible places, and time. The advanced improvements of technology, especially the 

networks and the internet, bridges the geographical gap by using tools that make the learners feel as 

though they are inside the classroom (Hammad, 2018). It also aims to provide a configurable 

infrastructure that integrates learning material, tools, and services into a single solution to create and 

deliver training or educational content quickly, effectively, and economically.  

Thousands of online courses are now being offered, in all possible domains, for students of all ages, for 

professionals, for individuals, and in different manners (more or less serious, free or not).  

This new way of learning recently appeared for BIM. Indeed, there is a real growing market for BIM 

educators for several reasons. Firstly, there is no doubt that BIM training is booming because of the 

rapid development of BIM in the AEC sector. In addition, as mentioned in the first parts, academia has 

some difficulties to integrate BIM training in its curriculum. AEC companies must react quickly to be 

competitive by training itself its employees or using external trainers. However, this training has a 

significant cost and represent a lot of time for employees who work at the same time. It is why the 

flexibility of e-learning and its reduced cost makes online courses an interesting alternative for 

companies. However, is this new way of learning BIM as efficient as traditional courses? 

To answer this question, it is important to focus on e-learning in more detail. 

A multitude of definitions of e-learning already exists in literature. For many authors the adoption of 

electronic media in a learning scenario is already sufficient to constitute e-Learning as a process of 

learning. However, some authors find this definition too wide and describe e-learning objectives to import 
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existing mechanism of content and communication into a didactical environment, without ever truly 

justifying their relation to and benefit for the learning process (Tavangarian, 2004). 

Nevertheless, researchers agree to define two categories of e-learning in today's world: synchronous 

and asynchronous. 

- Synchronous e-learning is online chat and videoconferencing. For example, instant messaging 

that allows students and teachers to ask and answer questions immediately, is synchronous. 

Participants in synchronous learning courses are able to interact with other students and their 

teachers during the lesson. Synchronous learning permits trainees not to feel isolated or alone 

as they are communicating with others throughout the learning process. However, synchronous 

learning is not as flexible in terms of time as trainees would have to set aside a specific time 

slot in order to attend a live teaching session or online course in real time. So it is not suitable 

for professionals with busy schedules (Hammad, 2018). 

 

- Asynchronous learning can be used when the trainer is offline and it is flexible with respect to 

timing. Web and email are two of the best examples of delivering course materials to the 

students in asynchronous e-learning. In this mode of learning trainees complete the lessons by 

themselves by the use of internet, rather than being online for classes. The student can find the 

lessons at any possible time and complete the work and assignments. However, one of the 

drawbacks of this e-learning is that the students don't have direct interaction with other trainees 

and teachers. Asynchronous learning can also lead the student to be isolated and it doesn't 

provide the educational environment like in synchronous learning (Hammad, 2018). In Figure 

17 are examples of available content for each type of e-learning programs. 

 

Figure 17: Example of content available in synchronous and asynchronous e-learning 
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BIM existing online training offer is mostly asynchronous. Indeed, even if synchronous e-learning is more 

interactive with the user, it requires time that professionals don’t have and so live conferences or 

assessment are impossible to schedule. 

The online BIM training is particularly developed in UK, where many establishments as BRE and RICS 

mentioned in the second part offer online courses. BIM online courses are always offered by private 

institutions. The duration of the courses varies from small training of one hour on a specific subject to 

entire programs including several aspects of BIM. Of course, the cost of those trainings also varies 

greatly. 

In terms of content, a BIM online course is generally composed by a video presentation. Indeed, the 

videos are the basis of e-learning. It can present information in an attractive and consistent manner. The 

video can be followed by self-assessment questions, exercises, podcasts, live streams, tutorials, 

depending on the difficulty and the learning outcomes of the course. 

Not only can instructional material be made available on the Internet but online collaborative learning 

and discussions can also occur. E-learning offers the ability to share different kind of materials such as 

PDFs, word documents, slideshows, as well as the ability for the participants to ask questions using the 

voice and the chatting tool. 

4.1.2 Examples of BIM online training platforms 
Here are three BIM training offers available online which differ from each other in their duration and 

objectives. 

• Online Autodesk Certified Training by Graitec 

GRAITEC is a French maker of CAD software for the civil engineering and construction industries. The 

company offers an online BIM training in two approaches: a guided one, in which modules are delivered 

in a controlled sequential order much as they would be in a traditional training environment (Graitec, 

2018). This one permits to obtain an Autodesk Certification. Each stage needs to be completed and a 

competency check taken before candidates can progress to the next level. There is also another way 

dedicated to users and corporations that prefer to have a more open learning path: the flexible training 

delivery method. This means that candidates will be able to access different topics in the order they 

need or prefer, in order to skill up as required or as the project or business dictates (Graitec, 2018). 

Both approaches are delivered on an online platform with texts, audios, videos demonstrations, 

exercises (only a list of commands to do) and tests (multiple-choice questions with feedbacks) as 

presented in Figure 18. 
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Figure 18: Graitec BIM e-learning platform overview (Source: GlobaleTraining, 2017) 

Graitec aims users of all experience levels to follow its courses including novices just starting out on the 

3D modelling, to advanced users looking to extend their knowledge, which offers to the user a complete 

BIM training available online (Graitec, 2018).  

The platform also gives the possibility for a professional to create its own corporate or internal courses, 

with a course generator, accessible to all the work team.  

Graitec doesn’t communicate the price and the duration of the training but prides itself to be low-cost 

and fast. The training offer seems a little poor in reason of the material available that is limited to texts 

and videos. The training is certified by the BIM software editor Autodesk as a quality security, but the 

assessments limited to a multiple-choice questions test gives doubts about the real efficiency with BIM 

of the user at the end of the training session. However, this online BIM training has the advantage to be 

addressed to all levels, and can be used only to clarify one subject without following the entire course 

(Graitec, 2018).  

This training offer is representative of a first type of BIM e-learning, an asynchronous one as many 

others BIM training sessions like this one are available online. 

• RICS Certificate in Building Information Modelling (BIM) Project Management 

The RICS mentioned in the second part about certifications also proposes online BIM training. The 

duration of this distance learning programme is 6 months. During this period the trainee will learn via a 

combination of online self-study material supported by interactive live online tutor-led sessions (RICS 

Online Academy, 2018).  

The course is composed of 7 units composed of theory and practice:  

- Module 1: Introduction to BIM & the business case of BIM 
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- Module 2: Strategic definition phase 

- Module 3: Preparation and brief phase 

- Module 4: Concept design/ Developed design/ Technical design/ Construction 

- Module 5: Handover and close out 

- Module 6: Operations and end of use 

- Module 7: Course Summary and Exam 

It is a complete training program addressed to post-graduates with at least 5 years of experience in 

managing projects, that aims trainees to become BIM Project Managers right after the training (RICS 

Online Academy, 2018). To achieve it, the online training includes the following resources: 

- Live tutor facilitated online classroom sessions 

Those courses are delivered by a subject matter expert. 

- Case Studies and Practical Exercises 

Delegates are provided with structured case studies, which will direct them to share their 

answers with their fellow delegates within the module forum and online live tutor session where 

their questions and examples can be discussed and supported.  

- Online forums to share information and ask questions 

Forums are here to share information and pose questions to the topics during the distance 

learning.  

- Live tutor facilitated online classroom sessions 

These structured sessions will allow the tutor to consolidate the taught topics and explain some 

of the key theoretical points in a live environment. 

- Course Text Book 

The textbook has been sourced to supply further reading regarding best practice and key 

techniques regarding construction project management (RICS Online Academy, 2018). 

The assessment is an online examination, which takes place at the end of the 6 month. Delegates who 

succeeded and who have completed 200 hours CPD study receive a certificate of course completion 

confirming they have successfully attended and passed the Certificate in BIM Project Management.  

The content is essentially about synchronous e-learning. This training is interactive and similar to a 

traditional BIM course but provided through a computer. It is why its cost is about one thousand euros 

for 200 hours of training, which is quite cheap compared to traditional learning. 

Comparing to the first type of online training mentioned before, this one is more serious and better 

recognized by professionals. 

• e-Zigurat Global BIM Management training 

A third type of online training is available on the net, even more complete, serious and substantial. The 

Zigurat Global Institute of Technology in Spain offer this kind of BIM training, exclusively online. The 

program is considered as a Master degree, its duration is one year with 600 hours of online training 

available (Zigurat Global Institute of Technology, 2018). This program is designed to prepare 
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architecture, engineering and construction professionals. Participants may have various levels of 

experience to successfully learn BIM, implement it and work in a highly effective team with other 

professionals in the AEC industry. Applicants can expect more than live streaming, recorded lectures, 

class instructions, project training, case studies and methodologies. The course is available in Spanish, 

in English and in Portuguese. The program articulates around four modules which correspond to BIM 

levels of competencies (Zigurat Global Institute of Technology, 2018): 

- Module 1. BIM Coordinator 

- Module 2. BIM Specialist 

- Module 3. BIM Expert 

- Module 4. BIM Manager 

By the way of those modules, the trainee gradually acquires BIM competencies to become a BIM 

Manager. The objective of this program is so the same of RICS program, nevertheless the duration, the 

available material and the fact that the trainee has to go through all levels of BIM to become BIM 

Manager and not studying only BIM Management makes of this course the more complete, akin to a 

master degree but all online. The drawback of this training program is of course the price, about 16000€, 

for a training program exclusively online.  

This program is certified by Autodesk, Bentley, Graphisoft and CanBIM, in accordance with the 

international standards. The Global BIM Management Certification Program has achieved the 

Educational Certification Level 3.0 from Canada BIM Council, which is the highest level applicable. This 

certification is recognized worldwide and complies with the BIM standards stipulated in Canada and the 

United Kingdom (Zigurat Global Institute of Technology, 2018).  

All three programs mentioned pretend to be at least as efficient as a traditional course, with the 

advantage of flexibility of an online training. However, is online training similar to traditional learning? 

Here are the advantages and disadvantages of this type of training. 

4.1.3 Advantages 
The main advantage of online training is time. Indeed, online training addresses to time poor people, it 

gives possibility to learn when you want: e-learning is flexible comparing to traditional learning where 

schedules must be respected. However, it is relevant only for asynchronous training programs as it 

corresponds to on-demand material. You do not have to worry about conflicts in schedules or arranging 

a training venue. You only have to let learners know the deadline to complete the online training program 

and let them learn at a pace that is convenient to them (Hammad, 2018). 

And in terms of place to learn, e-learning also has the advantage to be accessible everywhere. The 

online feature makes accessible the training on computers, tablets, mobiles. User can continue its 

training program at home, at work, everywhere! 

E-learning is also tailored to the user, giving him the possibility to choose the courses he wants, to meet 

the needs and aspirations of individual learners as being required in their daily activities with a schedule 
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(Optimus Learning, 2013). Personalization is broader for individualization or differentiation in that it 

affords the learner a degree of choice about what is to be learnt, when it is to be learnt, and how it is to 

be learnt. This doesn't mean the unlimited choice as learners will still not have targets to be met, but it 

provides learners the opportunity to learn in ways that suit their individual learning styles (Hammad, 

2018). 

The price of e-learning is sometimes attractive. However synchronous training programs are expensive 

when compared to asynchronous training programs (Hammad, 2018). The travel expenses of 

participants attending a classroom training or the cost of setting up a technology-enabled virtual 

classroom may not fall under stringent training budgets. For training institutions, asynchronous training 

programs are also cheaper to develop: it is a one-time investment, irrespective of the number of learners. 

It is highly scalable as there is no pre-defined upper limit on the number of learners. 

E-learning provides a more interesting and engaging learning environment than the traditional ‘study 

and examination’ approach to learning. In fact, it is principally due to videos that attract more attention 

than a classical course in front of a black board and lead to better learning outcomes and higher learner 

satisfaction (Zhang, 2006). Moreover, online learning permits to link the various resources in several 

varying formats what keeps the learning process from being boring and monotonous. Trainees can also 

sometimes work on real-life or reality based problems as in traditional learning and are able to interact 

with everyone online through discussion boards and chats. 

Finally the most important advantage of e-learning is its availability for individuals of all around the world 

with only an internet access. It gives to e-learning an enormous potential, mainly economical, but it can 

also permit to train so much individuals that the use of BIM could be widespread very quickly. An efficient 

online platform could become the key of BIM training in a whole country, or even in a continent. 

4.1.4 Disadvantages 
If e-learning had only advantages, it would be surely most commonly used. However a lot of persons 

are reluctant to use e-learning for several reasons. 

The learning approach online can sometimes be a problem for trainees (Optimus Learning, 2013). The 

content required for each trainee can be different to achieve the competencies, and e-learning can often 

not offer all those approaches compared to a teacher in a classroom who can adapts to each individual. 

Moreover, e-learning involves that users are isolated: No trainer (physical) so no personalization, no 

help. There is no substitute for interacting with, and learning from, a fellow human. How to ask 

questions? Some platforms propose live chats, discussion boards, but the users are generally more 

reluctant to use those systems to ask for help than in a traditional environment where a teacher is here 

to answer questions (Optimus Learning, 2013). Explications can be more difficult to be given online, at 

a distance, and trainers can also be less reactive in function of the number of platform users and 

questions. 
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Being isolated can also be synonymous of no self-discipline and inherent freedom. E-learning often 

translates to no learning. People may switch off from fully engaging in the material, and see the activity 

as a tick box exercise – just another item on an ever-growing “to do” list. 

E-learning can create more difficulty to reach some learning outcomes. Indeed it can be great for 

learning specific skills and for knowledge that needs to be transferred. However, with more complex 

skills and competencies, it is incredibly difficult to put together an effective e-learning program, always 

because of the lack of interaction with the user and the available online material, as videos are much 

relevant to teach basic skills and give information than teaching advanced skills.  

The assessment are also more difficult to set up. Because of the potential number of users, trainers 

cannot correct exercises, texts, renders. Assessment must be corrected automatically; it is why most of 

the online assessments are limited to questions that are only objective in nature, often multiple-choice 

questions. And of course, it is not the better way to evaluate competencies especially when the level of 

training is advanced. 

Finally, if a business model changes, or market conditions are disrupted, online training can quickly be 

made obsolete. To be efficient, an online training platform, especially based on a topic as BIM, has to 

be updated regularly. 

Moreover, it is obvious that online training requires some computer competency, mostly basic but which 

is indispensable. 

 

The use of e-learning for BIM training is so more or less relevant, depending on the desired result. 

Indeed, in terms of price for the users, of scope of the eventual users, of personalization of the learning 

process, and of flexibility, e-learning is no-doubt the solution to develop BIM training. 

However, the isolation of individuals behind their computer and the learning approach that is not always 

adapted to all can discourage many trainees. The results on individuals can vary, and e-learning takes 

years to be measurable and accessible in an effective way. Nevertheless, different tools can help to 

create interactive courses, standardize the informal and formal learning processes, depending on the 

needs of users, and some tools are helpful for future modification and trending of user’s requirements. 

One of this tool is gamification and is quite simply: the objective is to introduce game spirit in the learning 

process, to give motivation to users and make the learning process funnier, more attractive and most of 

all more efficient! 
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4.2 INNOVATION TO GIVE MORE EFFICIENCY TO ONLINE PLATFORMS, WITH NEW 
METHODS AND INTERACTIONS WITH THE USER 

In 2015, a study conducted by the CIPD (Chartered Institute of Personnel and Development), a UK 

company focused on human resources and professional learning and development highlighted the use 

and effectiveness of each type of learning practices through a survey, questioning 485 employees of 

public and private companies, of all sizes and of different sectors (11% were construction companies). 

The results of the question: “Which three learning and development practices do you most commonly 

use and which three are the most effective?” are presented in Figure 19. 

 

Figure 19: Results of a CIPD study about learning practices in companies (CIPD, 2015) 

This study showed that e-learning is one of the most used practice in companies to improve employees 

skills, even more used than formal education. However, it highlighted a real contrast concerning e-

learning: although e-learning is a commonly-used practice, it is qualified as one of the less-effective 

practice for training. The concept of “online training” seems to be a good idea, but research found that 

e-learning has a major inconvenience: the lack of interactivity and the isolated nature of this type of 

learning involves a lack of motivation for the user. 

Indeed, learning is an active process and, as with all active processes, it requires motivation to both 

begin and continue the process (Glover, 2013). In young learners, motivation to learn is often readily 

available, but it can wane in older learners, and this is especially the case when an element of self-
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direction and autonomy is required (OECD, 2000). Therefore, this means that the learners don’t think 

much of the e-learning so are unlikely to be engaged, and therefore unlikely to be learning very much 

at all. To remedy this problem in e-learning, an element has found to be efficient: the introduction of 

game in the learning process: it is called gamification. 

4.2.1 Definition of Gamification 
“The notion of game corresponds to a form of participatory, or interactive, entertainment” (Rollings and 

Adams, 2003). It is quite different from passive activities, such as watching television or reading. 

In addition, it precisely turns out that learning is also a participatory process (Glover, 2013). 

It follows that there could be some benefits from incorporating games concepts with education, and here 

appears the idea of gamification. 

Here is the definition of gamification found in the research of Mrs Muntean, 2011: 

“Gamification is the use of game-play mechanics for non-game applications 
(Deterding et al, 2011). Gamification’s objective is to rise the engagement of users by 
using game-like techniques such as scoreboards and personalized fast feedback 
(Flatla et al, 2011) making people feel more ownership and purpose when engaging 
with tasks (Pavlus, 2010). Any application, task, process or context can theoretically 
be gamified, so by definition, gamification is not only restricted to education” 

 

However, one of the earliest applications of gamification is found in education (Malone, 1980). After this 

early start, gamification gained impetus with the establishment of gamification companies, such as 

Bunchball Inc. in 2007 and Badgeville in 2011 (Dorchain et al, 2016). An overview of the literature shows 

that today, gamification is mainly applied in the field of education (Dorchain et al, 2016).  

 

Gamification attempts to use the motivational power of games in order to promote persistence, 

participation, and achievements (Richter, Raban, & Rafaeli, 2015). By incorporating game elements into 

work activities, the objective is to raise motivation and to make users more engaged, and it is precisely 

what e-learning needs to improve the learning process (Muntean, 2011).   

4.2.2 Psychological theories in the gamification approach  

The use of gamification to improve the learning process is based on several theories and psychological 

concepts stating that game mechanics really have an impact on the user’s motivation. 

In short, all gaming concepts are linked together and have the same objective, which is to raise 

engagement and motivation (Figure 20).  
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Figure 20: Relations between various gaming concepts (Source: Noran, 2016) 

Following, gamification concepts should harness a combination of psychological and user design 

experience concepts for motivation (Richter, Raban, & 12 Rafaeli, 2015).  

Identifying the psychological impacts of gaming concepts involves three theories: 

• Behaviourism: it looks at the external behaviour of individuals. According to Ivan Pavlov or J.B. 

Skinner, it is assumed that every stimulus triggers a certain reaction (Dorchain et al, 2016).  

• Cognitivism, i.e., analysing the feelings and thoughts of individuals.  

• Social psychology, i.e., studying the social interaction between individuals. 

 

Those three theories have permitted to identify three types of motivation. Actually, motivation is 

demonstrated by an individual’s choice to engage in an activity and the intensity of effort or persistence 

in that activity (Garris, Ahlers, & Driskell, 2002). However, there are three subtypes of player’s 

motivation: intrinsic, extrinsic, and social. 

 

1) Intrinsic motivation and emotional benefits 
According to Deci and Koestner, intrinsic motivation refers to motivation driving an individual to perform 

or complete a task for the enjoyment of the task itself (Dorchain et al, 2016).  

The player achieves a very positive form of intrinsic motivation by the mental state named “Flow”. It 

describes the optimal engagement of an individual playing games or learning.  

This kind of happiness is the mental state of operation in which a person performing an activity is fully 

immersed in a feeling of full involvement and enjoyment in the process of the activity, and was defined 

by the psychology professor Mihaly Csikszentmihalyi in 1990 (Dorchain et al, 2016).  

In brief, intrinsic motivation is about emotional benefits. This mental state is one of the fundamental 

reasons for people playing games. Games evoke a variety of powerful emotions in us, from curiosity, 

frustration and joy to optimism and pride (Growth Engineering, 2017). If a game is not challenging, it 

quickly becomes boring. The same happens if a game is swamping its players: negative emotions can 

also help learners (like boredom, frustration or worrying that they won’t be able to understand a certain 

topic (Growth Engineering, 2017) and transform those feelings into positive emotions, such as a feeling 

of accomplishment at having succeeded (Figure 21). 
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Figure 21: Emotional evolution induced by game elements (Source: Noran, 2016) 

As the player’s skills increase, naturally so must the requirements of the game. Additionally, it is 

necessary that the player receive immediate feedback or reaction for his/her actions. In sum, flow occurs 

if all of the following conditions are given: clear Goals, balance between challenges and the player´s 

skills, and immediate feedback for the player (Dorchain et al, 2016). 

 

In terms of psychological theories, intrinsic motivation would be defined by needs-based theories, as 

the focus of Maslow’s Hierarchy of Needs, Atkinson’s Need Achievement Theory, Bandura’s Self-

Efficacy Theory, and the Goal Setting Theory (Dorchain et al, 2016). 

 

The implementation of those theories in a gamification context requires mainly (Dorchain et al, 2016): 

• A real-time feedback: Every time the user does something to reach a goal or to obtain a “like”, 

he should receive feedback.  

• Transparency: The user should always know how the others users are ranked (progress bar, 

ranking, etc.).  

• Goal setting: Users should have clear Goals so that they know what they have to do. 

 

2) Extrinsic motivation and cognitive benefits 
Extrinsic motivation drives a person to perform or complete a task to earn an external reward or avoid 

punishment. External rewards can be tangible items like levels, points, Badges, or intangible constructs 

like social status, respect, and appreciation (Dorchain et al, 2016). When playing by the ‘rules’ of 
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gamification – i.e. the rules which state that in order to gain Badge A you have to complete Action A – 

learners develop new frameworks for understanding their learning-based activities (Growth Engineering, 

2017). This can motivate students to participate more deeply and even to change their self-concept as 

learner by developing qualities like persistence, creativity and resilience. Learners come to change their 

mind set from that of a ‘passive’ learner who takes in information from instructors to an ‘active’ learner 

who goes out there and actively consumes content (Growth Engineering, 2017). Their motivation and 

engagement increase accordingly. They think of themselves as master of their own destiny, and act 

accordingly (Growth Engineering, 2017). 

According to Dorchain et al (2016), extrinsic motivation is more common than intrinsic motivation. 

However, extrinsic rewards can motivate people to complete disengaging (or unattractive) tasks that will 

then increase intrinsic motivation. 

 

In terms of psychological theories, intrinsic motivation would be defined by the expectancy value theory 

and Skinner’s reinforcement theory. These theories define motivation as the performing of actions or 

behaviours that induce extrinsic rewards (Dorchain et al, 2016). 

 

The implementation of those theories in a gamification context requires mainly (Dorchain et al, 2016): 

• Badges: trophies or achievements. Users are motivated with incentives.  

• Levelling up: The levels are long-term indicators for status and skill.  

• On boarding and mastering: Create an introduction for the user using Gamification concepts to 

engage the user to use this features and get a better understanding.  

 

3) Social motivation 
A social environment is also a factor that will motivate the user. Theories in the middle of the spectrum 

explaining the social motivation of games are Festinger’s Social Comparison and Personal Investment 

Theory (PIT) (Dorchain et al, 2016). 

 

The implementation of those theories in a gamification context requires mainly (Dorchain et al, 2016): 

• Competition: Provide different competitions between users and user groups to motivate and 

lead them. It is also important to make the competitions challenging so that the users do not get 

bored.  

• Teams: Provide a team or a group feature so that the users can form groups to work together 

and find users with the same interests.  

Figures 22 and 23 summarize the different game concepts looked in gamification to raise engagement 

by doing an equivalence between psychological theories and real elements used to apply them. 
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Figure 22: Psychological theories behind the elements motivating user in gamification (based on Richter and al, 

2015) 

 
Figure 23: Elements motivating the user in gamification (based on Richter and al, 2015) 
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4.2.3 Gamification applied to e-learning 
As gamification is particularly efficient in education, the idea of integrating gamification concepts in e-

learning in order to lead to a more efficient and engaging learning behaviour seems interesting. 

Transposing gamification concepts into a digital form of teaching and learning might be seen as an 

issue, however, gamification lends itself particularly well to e-learning because the necessary data for 

tracking progress is more easily collated. 

 

Another argument to prove the compatibility between e-learning and gamification is that e-learning 

systems are most commonly online web applications developed using technologies like: Ajax, ASP, 

Java, JavaScript, PHP, Ruby on Rails and others. Gamified elements are also developed using the 

same technology, often relying on Web 2.0 technology for better visual presentation (Bernik et al, 2015, 

Urh et al., 2015; Zichermann and Cunningham, 2011). It makes e-learning particularly adapted to the 

use of gamification elements, even if gamification must not be mistaken for programmed computer-

based learning, only underlining the compatibility of the theory with the new technologies (Biro, 2014). 

The essence of gamification does not lie in technology, but the diverse learning environment and the 

system of decisions and rewards, with the aim to increase motivation and reach higher levels of 

engagement in the learning process (Urh et al, 2015). 

For the successful design of gamified e-learning system, it is necessary to apply the concepts of games 

as goal focused activities, reward mechanisms and progress tracking to bring users different types of 

motivation as mentioned in the last part. The basic idea of gamification in e-learning is:  

- To uncover content progressively; 

- To deliver points or equivalent rewards in accordance with the progression of the user; 

- To pay a particular attention to the use of gamified design elements, which mustn’t favour some 

learners over others; 

- To make gamified design elements in e-learning systems be optional, in order to support 

learners with high intrinsic motivation. 

Those preceding main guidelines being respected, the notion of game must be introduced by following 

game dynamics. Those dynamics are created only by game mechanics introduced in the learning 

platform, which are in other words some tools that have to be especially adapted to e-learning. 

Here in Table 9 are examples of game dynamics, and examples of game mechanics which will permit 

to put in place those last ones. The link between both systems is represented by dots: the dark grey 

dots signify the primary dynamic a particular game mechanic fulfils, and the light grey dots show the 

other areas it affects. 
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Table 9: Link between game Dynamics and game Mechanics (Source: Bunchball, 2016) 

 
It is essential to focus first more in detail on those game dynamics which are relevant not especially in 

e-learning but for all types of gamification, through the Table 10. 

Table 10: Game Dynamics applied to education 

Reward Virtual reward systems are used to impact trainee’s emotional area: Score systems, 

experience points, items, resources, achievements, messages, animations and 

content are the correspondent mechanics. Reward mechanisms should be 

especially carefully designed to motivate everyone. Also, rewards should be 

achievable with a significant amount of effort, but not too easy (Glover, 2013). 

Status and 

feedback 

Progress and current status of students’ activities must be clearly and graphically 

displayed. Indeed, tracking progress toward goals is important within games, 

because it would otherwise be impossible to identify the remaining tasks required to 

fulfil the victory conditions. The feeling of progress gives trainees the motivation for 

further work. Feedback system is enabled in every activity that can be tracked. There 

is also a visual feedback for activities that need to be done, what is completed, what 

percentage of whole e-course is achieved, how many points and what level is student 

on, etc (Glover, 2013). For this it is important to use progression bars. 

Good feedback should outline what the learner has done and give guidance on how 

to improve or advance in the future, and progress tracking within games performs a 

similar duty by identifying the steps to take in order to make it to the next milestone 

(Glover, 2013). 

Achievements Achievements are icons displayed publicly on online profiles that highlight activities 

completed by the person, and allow an individual to keep track of what they have 

done and to ‘show off’ to third parties. They can be seen as a combination of the two 

previous. A somewhat outdated example of this in education would be the top 
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performing student being made ‘head boy/girl’ or ‘class prefect’. The ‘gold star’ 

example would also fit into this reward category (Glover, 2013). 

Freedom to 

fail and on 

what to do 

Trainee is allowed to experiment on his own, there isn’t any barrier on what is allowed 

to do, as well as when to do it. Inside any level, the student can access certain 

activities unlimited amount of time in the sake of learning (Glover, 2013).  

Challenge is open through the whole time that e-course is active, so students can 

go back and forward with testing their knowledge. 

 Games typically allow players to restart or play again, making mistakes recoverable 

(Urh et al, 2015).  

It is why if trainees fail to pass the test, they can go back and find needed answers, 

return to challenge activity and try it again. Questions are randomized every time 

and there are multiple answers as well as true or false statements (Glover, 2013). 

Self 

Expressions 

The users should have the possibility to choose the activities they want to perform, 

to customize their profiles, or maybe some features of the platform. 

Competition The system should be made as social as possible in order to simulate the familiar 

environment of a classroom and a classroom community.  

This is important for achievers that need recognition from peer but also to motivate 

trainees through peer pressure or comparison with others. 

Altruism The users should be rewarded when they use also the platform at other ends than 

just completing activities. For examples, they should receive points, badges when 

they make some comments on the platform, give recommendations and their 

thinking about some activities, when they participate in the forum and exchange with 

other users. 

 

In order to introduce the previous game dynamics into the learning process, the following game 

mechanics are essential (Table 11). They are most-commonly used mechanics especially devoted to a 

use in e-learning. 
Table 11: Game Mechanics applied to e-learning 

Points Points have a visual indicator of a granted level, which is calculated on the base of 

time and trainee’s activity in the e-course (Bernik et al, 2015). 

Badges Badge in gamified e-course represents the achievements that relate to certain 

accomplishment (Bernik et al, 2015). 

Each badge is rewarded when a certain set of activities is completed. They must be 

displayed publicly. 

Levels Levels are attached to time management system and the base plan of the e-course. 

Levels are not created as a game looking change, but rather as chapters in a story 

(Bernik et al, 2015). 

Challenges Challenge is maintained as a checkpoint activity where trainees can test their 

knowledge and they can pass only if they have score above average.  
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For accomplishing difficult tasks or exercises the trainees receive special bonuses 

(Bernik et al, 2015). 

Virtual Goods The virtual goods can correspond to personalized avatars, badges, unlocking of new 

modules, unlocking of challenges. It will motivate the user to make more progress in 

order to earn those virtual goods. 

Leader 

boards 

As the name suggests, these are lists of players ranked according to their success 

within the game. The same concept is used within sport, but it is prominently used in 

multiplayer games, especially ones that use rounds of a fixed time or objective.  

A leader board is a very coarse-grained technique as it lends itself to repetitive 

actions, but it can be a powerful motivator (though it provides little further motivation 

once the top of the leader board is reached).  

The leader board is typically used in competitive activities but can also be used to 

encourage teamwork (Glover, 2013). The leader board must be displayed publicly. 

Figure 24 presents an example of interface in e-learning. 

Gifts Computer games often feature customisation elements that allow players to adapt 

their character to their preferred playing style or personalise their character’s 

appearance. This helps to make the player more engaged with the character and 

deliver a more tailored playing experience. In games that feature customisation 

options, the opportunity to acquire special items is typically linked to the completion 

of particular tasks within the game, and the desirability of the item motivates players 

to undertake these tasks. Prizes can also take the form of additional activities, which 

are unlocked after meeting the conditions of previous goals (Glover, 2013). 

  

 
Figure 24: Possible interface for a leader board in e-learning (Source: Growth engineering, 2018) 

The game mechanics can be articulated in a few ways, for example, once the learner finishes an 

exercise he accumulates points, which enable him to achieve a new level. This achievement can be 

reflected on his status and updates the rank on the leader board, which is shared with his learning social 
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space. However, the relations between all game mechanics can be more or less complicated depending 

on the complexity of the learning content. There can be intermediate levels, badges, different types of 

points, in order to create a progression adapted to the learning outcomes. 

In addition to the previous mechanics which can be used in e-learning, some others important aspects 

of gamification have to be applied in e-learning in order to improve the learning process: 

• Levels and phases should enable multiple learning paths, problems and exercises. This 

recommendation is based on the “freedom” game dynamic. This enables the learner to define 

personal goals and objectives and select and tries several paths to reach the final goal and 

achieve her/his personal learning goals.  

• Moreover, the tasks difficulty should be increased to cope with the learner skill level thus to 

improve learner expectations on completing the task successfully. 

• Quality graphic design is a must have in systems that use gamified design elements. The lack 

of appropriate design can easily lead to unsuccessful implementation.  

• During the process of e-learning it is essential to collect data about trainees and their activities 

in e-learning. Adequate data provide a basis for analysing and adapting e-learning to achieve 

optimal state of the entire system (Urh et al, 2015). It can be collected easily in e-learning 

besides satisfaction surveys for example. 

 

All recommendations of this part are the key of a well-designed e-learning platform using gamification 

to improve the learning process. This part was essential to understand the objectives of the platform 

currently designed called BIMcert, an e-learning platform for BIM training including gamification 

elements. 
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5 CASE STUDY: BIMCERT PROJECT 

5.1 DEFINITION AND OBJECTIVES OF BIMCERT PROJECT 

Horizon 2020 is the biggest EU Research and Innovation programme ever with nearly €80 billion of 

funding available over 7 years (2014 to 2020) in addition to the private investment that this money will 

attract. It promises more breakthroughs, discoveries and world-firsts by taking great ideas from the lab 

to the market (BIMcert, 2018). 

As part of Horizon 2020 programme, a project named BIMcert - a training model and toolkit to help all 

levels of the industry take their first, or next, step to working with BIM - has been launched. The second 

objectives are to enable and empower industry to achieve a greener built environment (BIMcert, 2018). 

For that, BIMcert aims to develop more efficient and relevant training programme materials to integrate 

concepts of sustainability and renewables together it practical application and integration with BIM based 

on real life industry needs and limitations (BIMcert, 2018). 

EU dedicates a funding of a €1.25M (£1.11m) to Construction Industry Training Board NI (CITB) in 

partnership with Belfast Met and other European project partners from Ireland, Portugal, Croatia and 

Macedonia, to develop BIMcert. This project has began in March 2018 and should be ready in 

November, 2019 (BIMcert, 2018). 

“The strength of this project will be in the partnership between those who will use the 

tools, industry, and those who are expert in developing them, academia.”  

Barry Neilson Chief Executive CITB (Buckley, 2018) 

5.1.1 BIMcert e-learning platform 
The third stage of the design process of this project aims to develop a learning platform called BIMcert 

platform. It will act as the website of the proposed project and also as an integration platform to empower 

all project stakeholders, helping trainers and course administrators to organize and structure BIM 

courses and respective contents and assisting trainees throughout the learning process. 

BIMcert platform will answer to several challenges. First, the workforce needs to acquire an increasing 

amount and variety of skills, in a shorter time span. Moreover, students and trainees expect that learning 

should be engaging and practical with real life-type tasks and rather take the form of discussions and 

negotiations with the teacher/trainer, in a collaborative exercise, which makes the challenge even more 

difficult (BIMcert, 2018).  

Consequently, the objectives of this platform are:  

• Improving early and continuous assessment and feedback for trainees, providing a feeling of 

achievement and involvement;  

• Motivating self-study, which must be supported by a structured and organized sharing of 

contents, in parallel with training tools and hand-on work; 
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• Clarifying the learning objectives and related learning strategies and their relevance to the 

industry and the trainees career;  

• Increasing interactivity and collaboration.  

Gamification appears in this context as a valuable instrument to motivate and engage trainees, getting 

them into a “learning” mission that can result in a “rewarded” progression, recognized by an online 

community (BIMcert, 2018).  

In the work package 3 corresponding to the design of the learning platform, two tasks are so essential 

to achieve: 

- Defining the learning process, by creating a pertinent course curriculum adapted to a e-learning 

platform; 

- Design the gamification process in agreement with the curriculum and the objectives of the 

platform. 

5.2 BIMCERT CURRICULUM 
5.2.1 Current BIMcert Program 

An important stage of the design of the platform is defining precisely the curriculum of the BIM training 

by identifying pertinent BIM courses and competencies associated. The training offer has to be adapted 

to the needs of the construction industry, by targeting relevant BIM skills. The definition of BIM courses, 

competencies and skills for BIMcert training has already been initiated by the project team. The whole 

list of skills created is present in Table 12. 

This curriculum is composed of five learning outcomes: 

- BIM Principles Introduction 

- BIM 3D Components 

- BIM 3D for Visualisations 

- BIM (4D, 5D and 7D) Collaboration and Management 

- BIM (6D) Sustainability 

They follow BIM dimensions and correspond mainly in levels of difficulty, which is particularly relevant 

for an e-learning platform including gamification features.  

Something also relevant was to distinguish BIM Visualisations from others outcomes in order to be able 

to provide those basic skills independently than BIM 3D components, as mentioned in the first part of 

this report.  

The principles introduction has common content for all disciplines, whereas the others have specific 

content adapted to each discipline, taking into account the required skills for each profile. Indeed, 

teaching all BIM skills as structural analysis or costing to an architect for example would loss his time 

and probably discourage him to use the platform. It is so essential to distinguish, when it is possible, the 

competencies by discipline. 

Each learning outcome is organized by discipline and/or competency, and for each one there is a list of 

skills corresponding. 
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Table 12: BIMcert current curriculum 



p. 63 
 

 

 
Table 12: BIMcert current curriculum (Continuation) 
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5.2.2 Proposal about BIMcert curriculum: Objectives 
The curriculum of BIMcert is already complete. However, it is essential to make the link between the 

theoretical curriculum and the activities that will be addressed to the BIMcert users as training content 

to acquire the previous skills. For that purpose, the following part will present a proposal of activities that 

can be advised for each skill identified by the BIMcert project team in Table 12. 

The goal is to apply the advices given by the researchers about BIM skills that are relevant to teach, in 

order to make a proposal of activities adapted for the users and in conformity with the industry 

requirements. Above all this proposal will be specific for the BIMcert curriculum. 

5.2.3 Methodology 
The methodological approach adopted for establishing activities based on industry requirements for 

each skill of BIMcert curriculum is the following. 

Step 1: Establishing correspondences between the skills of both lists and so 
with learning levels. 

In order to advise activities in a pertinent way, it is essential to identify the learning levels expected by 

the AEC industry for each skill. Indeed, knowing the learning level expected for a skill means knowing 

its importance among others skills. If a skill is essential for using BIM, many activities have to be 

addressed to the users for this skill. Moreover, the level of those activities has to be higher than for a 

basic skill without real importance. 

Using the Bloom’s taxonomy to advice activities for each skill has several advantages. The first one is 

the recognition of this scale internationally and its use in the domain of education since more than sixty 

years: his link with the cognitive domains corresponding to the learning process has been proven and 

makes of this scale a reliable tool. Moreover, the link between the learning levels and some activities 

that permit to reach them has also been demonstrated and is based on serious researches. This link 

will allow to propose activities for each skill in the next step. 

This document mentioned in the first part (1.5) a study about BIM skills that can be used as a reference. 

This rigorous research work was conducted by Sacks and Pikas in 2013 and highlighted, through a 

research investigation, a list of BIM skills relevant to teach in a degree specialised on BIM. Sacks and 

Pikas also evaluated the learning objectives of each skill: to each was associated a level of Bloom’s 

taxonomy by the mean of a survey addressed to 85 construction professionals (Sacks and Pikas, 2013). 

The panel created for this survey provided trustable results; it is why they may be used for the current 

work. Finally, another justification of using this study is the high similarity between both curricula, which 

can permit to compare them and also to establish correspondences between them. 

• Correspondences between the skills; 

The comparison of both lists of skills permitted to find a high similarity between the skills. Indeed, even 

if the terms were sometimes quite different but describing the same BIM skills, or that the ones 

highlighted by Sacks and Pikas were sometimes more general than the ones from BIMcert curriculum, 
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almost all BIM skills were identical in both lists and finding correspondences for almost each one was 

possible.  

• Using the Bloom’s taxonomy as a reference, deducing the level expected for each skill of 

BIMcert curriculum; 

As all skills of the study by Sacks and Pikas were already associated to a level of Bloom’s taxonomy, 

by inference the learning levels can so be also associated to the skills of BIMcert curriculum. As a recall 

of part 1.5 of this document, here are the different levels of achievement of Bloom’s taxonomy and their 

description for BIM training (Table 13). 

Table 13: Competency Level Scale Adapted, from Bloom’s Taxonomy of Cognitive Domain (Source: Sacks and 
Pikas, 2013) 

Level Description CEBOK level 
name 

1 Knowing a BIM topic or application but having no understanding of its meaning. Knowledge 

2 Solid understanding of a BIM topic or application and its area of use but having 
no skills to use it. Comprehension 

3 Ability to apply learnt knowledge and understanding in new and concrete 
situations, including use of BIM tools. Application 

4 
Ability to understand, apply, and analyse BIM concepts and applications, their 
relation to construction design and production processes, and to infer the results 
of their use. 

Analysis 

5 Ability to develop new knowledge and understanding, apply and analyse results, 
and develop new information. Synthesis 

6 
Ability to develop new knowledge and understanding, apply, and analyse results, 
develop plans of action, and, on highest level, be able to assess the suitability of 
material for specific requirements and needs. 

Evaluation 

The study distinguished the learning level expected at the end of the first degree and at the end of the 

master’s degree, as it was focused on curricula in academia. For this proposal, only the maximum level 

expected has been retained in order to adapt the results in a manner that best suited to the e-learning 

platform. A remark is that by keeping only the maximum level, the number 1 “Knowledge” never appears 

anymore as the professionals decided that at the end of the master degree, all skills had a level higher. 

It is important to note that in order to achieve for example the learning level 3, all previous learning levels 

must first be achieved: the level 1 is so implied for all skills. Moreover, the maximum level, n°6 that is 

“Creation” also almost never appears: the professionals decided that it was a level acquired with 

experience, at work, and that should not be part of a learning process at school and so on a learning 

platform. 

Here in Table 14 are the results of the associations of skills from BIMcert curriculum and from Pikas and 

Sacks’ study, organized by learning outcomes as initially in BIMcert curriculum. By inference the Bloom’s 

levels of achievement of each skill were also associated to the skills of BIMcert curriculum. 
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Table 14: (Results of Step 1) Correspondences established between the skills of BIMcert curriculum and the 
skills of Pikas and Sacks study (2013) organized by learning outcomes 

INTRODUCTION skills from BIMcert 
Curriculum Skills from Pikas and Sacks’ Study Bloom’s 

level 
Mandates, Wastage, Climate Change, etc. 

  
Advantages And Disadvantages Of BIM For 
Design And Construction Processes 

4 

Mandates, Environmental, Technology 
Energy Efficiency 
Productivity/ Efficiency 
Economical 
Key Holders And Stakeholders 
Software & Hardware   3 
Common Data Environment (CDE) Overall Construction Design Management 

And Contracting Procedures 4 Soft Landings 
Digital Plan Of Work 
Project Information Modelling (PIM) 

Design Coordination 3 
Asset Information Modelling (AIM) 
Cobie 
IFC 
Employer/S Information Requirement 
BIM Execution Plan (BEP) 

Changes In Management Procedures  
3 

BIM Protocol 
Employer Within Supply Chain, BIM Quality 
Management, BIM Contracts 
Collaboration 
Communication 
Information Modelling Management Of Information Flows 5 Information Management 
Standards And Common Approaches BIM Standardization 3 
Life Cycle And Estate Approach (Intro And 
Generic) Constructability Review And Analysis 4 

Security Minded Data Security 3 
Information Delivery Cycle Information Integrity 3 

Bew Richards Model-Progression Specification And Level-
Of-Detail Concepts 4 

 BIM Level Compliances (UK), OTHER (Bilal 
Succar) 

Contractual And Legal Aspects Of BIM 
Implementation 3 

PAS, BS, EN, ISO BIM Standardization (In Organizations And 
Projects) 3 Layering, Naming Standards, IFC, IDM, MVD 

 
COMPONENTS skills from BIMcert 
Curriculum Skills from Pikas and Sacks’ Study Bloom’s 

level 
Architects including suppliers   
Software & Hardware   3 

Requirements Of Collaboration ( Intro) 
Way to store and share information (e.g., 
could computing, networking, big-room 
equipment) 

3 

Modelling, Modifying Tools, Grids And Levels And 
Reference Planes Massing/solid modeling 4 

Creating Models (Including Customised And 
Bespoke Elements) 

Creating and modeling with custom 
elements 4 

Create And Apply Material (In DATA On Energy 
Efficiency, Energy Saving, & Renewals) Perform discrete event simulation 2 

Extracting Data From Model ( Schedules) Perform multiuser editing of a single-
discipline model 2 

Visualisations- Views, Animation, Render (Intro),  
Data Structure, Objects Parameterization   3 

M&E including suppliers   
Software & Hardware   3 

Requirements Of Collaboration (Intro) 
Way to store and share information (e.g., 
could computing, networking, big-room 
equipment) 

3 

Modelling, Modifying Tools, Grids And Levels And 
Reference Planes Massing/solid modeling 4 
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Creating Models (Including Customised And 
Bespoke Elements) 

Creating and modeling with custom 
elements 4 

Include Input Of DATA On Energy Efficiency, 
Energy Saving, & Renewals Perform discrete event simulation 2 

Extracting Data From Model ( Schedules) Perform multiuser editing of a single-
discipline model 2 

Use Of Spaces   2 

Creating Of Networks (Ventilation, Plumbing) Perform automated generation of 
construction tasks 3 

Information Interchange Central databases/information repositories 4 

Publishing Information (Hseets, 3d To 2d)) Interoperability (file formats, standards, and 
structure for data sharing) 3 

Model Analysis, Data Structure, Objects 
Parameterization Monitor and visualize process status 4 

Structural engineers including suppliers   
Software & Hardware   3 

Requirements Of Collaboration (Intro) 
Way to store and share information (e.g., 
could computing, networking, big-room 
equipment) 

3 

Modelling, Modifying Tools, Grids And Levels And 
Reference Planes Massing/solid modeling 4 

Creating Models ( Including Customised And 
Bespoke Elements) 

Creating and modeling with custom 
elements 4 

Include Input Of DATA On Energy Performance 
And Production And Supply Carbon Footprint Perform discrete event simulation 2 

Extracting Data From Model Perform multiuser editing of a single-
discipline model 2 

Include Reinforcement Data Detailing Rapidly generate multiple design 
alternatives 4 

Information Interchange Central databases/information repositories 4 

Publishing Information (Hseets, 3d To 2d)) Interoperability (file formats, standards, and 
structure for data sharing) 3 

Model Structural Analysis,  Data Structure, Objects 
Parameterization Perform structural analysis 2 

 
VISUALIZATIONS skills from BIMcert 
Curriculum Skills from Pikas and Sacks’ Study Bloom’s 

level 
3D Modelling And Components Basic BIM operating skills 2 
Materials 8 Visual Appearance Perform automated generation of drawings 

and documents 3 Animations 
Rendering (Rendering Engines) Create renderings and representations for 

aesthetic evaluation 2 VR 

Export Export data for computer-controlled 
fabrication 3 

Access (Cloud, Apps, Navigation, Extracting Info), 
BIM Programming (Dynamo) 

Integrate with project partner (supply chain) 
databases 3 

 
COLLABORATION/ MANAGEMENT skills 
from BIMcert Curriculum Skills from Pikas and Sacks’ Study Bloom’s 

level 
CDE, Soft Landings, Digital Plan Work, Cobie, 
IFC, EIR, BEP, BIM Protocol  4 

Standards Of Collaboration  4 

Technology 
Choosing right BIM 
technologies/processes/tools for specific 
purposes 

5 

Communication Communication tools, media, channels and 
feedback 5 

Legal & Contractual  5 
Workflows, Federation, Clash Detection Detect clashes 4 

4D BIM (Time Scheduling) Perform 4D visualization of construction 
schedules 4 

Real Time Costing  4 

Quantity Extraction And Cost Estimate Perform automated quantity take-off and 
cost estimation 4 

Table 14: (Results of Step 1) Correspondences established between the skills of BIMcert curriculum and the 
skills of Pikas and Sacks study (2013) organized by learning outcomes (Continuation) 
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Trades Verifications Check code compliance 2 

Value Engineering Evaluate conformance to program/client 
values 2 

Pre Fab Solution 

Facility maintenance and management  
2 

Life Cycle Strategies 
Cobie Data (Extraction And Population) 
BIM Manuals 
BIM Maintenance Plans And Tech Support 
Exchange Systems, Hosting And Lease, Asset 
Information Modelling, Asset Information 
Requirements, FM Simulation, Space 
Management 

 6 

 
SUSTAINABILITY skills from BIMcert 
Curriculum Skills from Pikas and Sacks’ Study Bloom’s 

level 
Sustainable Design Principles   2 
Standards, Key Terms,   2 
BREEAM, PASSIVEHAUS, Etc...   3 
Methods Of Measurement Laser scanning 3 
Simulations (Solar, Etc...)   3 
Energy Analysis & Energy Efficiency Perform energy analysis 2 
Element Tracking (Sustainability)   2 
LEED Tracking   3 

 
Most of the skills from BIMcert curriculum are so linked with a level of achievement from 2 to 5 on the 

Bloom’s taxonomy. Some of them do not have any correspondence with a skill from the study of Pikas 

and Sacks, however the Bloom’s level was estimated by using the Table 13 for each skill missing. The 

current process will continue with the goal to advise activities to all skills of BIMcert curriculum now 

associated with a learning level. 

Step 2: Associating the Bloom’s taxonomy levels to activities adapted to online 
training. 

Many studies about the use of Bloom’s taxonomy for e-learning are available (as GrowthEngineering, 

2018; Denny, 2017; LaMotte, 2015; Munzenmaier, 2013 or YourElearningWorld, 2016) and address 

recommendations in terms of type of activities corresponding to each learning level of Bloom’s 

taxonomy. For that, the studies are based on the description of each level and on verbs of action that 

best describe them. 

The table 15 synthetizes the results of the previous studies concerning the activities that were 

associated to each learning level of Bloom’s taxonomy. They are either digital activities or general 

activities that can be adapted to an online environment, and the type of assessment expected for each 

level is specified.  

 

 

 

 

                  
         

 

Table 14: (Results of Step 1) Correspondences established between the skills of BIMcert curriculum and the 
skills of Pikas and Sacks study (2013) organized by learning outcomes (Continuation) 
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Table 175: (Results of Step 2) Activities associated to each learning level of Bloom's taxonomy 

No. BLOOM'S 
TAXONOMY VERBS OF ACTION ACTIVITIES ASSESSMENT 

1 Knowledge Define, Repeat, Record, List 

Videos, Documents, Assets, 
Examples, Lectures, Visuals, 
PDF Attachments, Step-By-Step 
Lists, Webinars 

Test for 
memorisation 

2 Comprehension Translate, Restate, Describe, 
Explain, Identify 

Tests, Assessments, Basic 
Questions, Step-By-Step User 
Guides, PDF Files, Click And 
Drag Activities To Captivate 

Test for 
comprehension 

3 Application 
Interpret, Apply, Use, 
Demonstrate, Illustrate, 
Schedule 

Simulations, Role Playing, 
Learning Games, Practical 
Exercises, Discussion Boards, 
Demonstrations 

Test for 
transfer skill 

4 Analysis 
Distinguish, Analyse, Test, 
Compare, Debate, Question, 
Appraise 

Problems, Forums, Advice, 
Expert Areas, Case Studies, 
Discussion Boards 

Test for logical 
thinking 

5 Synthesis 
Evaluation 

Judge, Evaluate, Consider, 
Rate, Compare, Score, 
Choose, Measure 

Ratings, Appraisals, Mentoring, 
Case Studies, Critiques, 
Scavenger Hunts, Web 
Searches, Creative Exercises, 
Problems 

Test for critical 
thinking 

6 Creation 

Create, Devise, Imagine, 
Compose, Propose, Plan, Set 
up, Prepare, Organise, 
Review, Collaborate, Plan 

Projects, Presentations Online 
By Video Conferencing 

Test for 
creation skills 

As all previous learning levels must first be achieved when considering a level, a competency featured 

by the learning level 3 “Application” should so present content corresponding to level 1, 2 and 3, for 

example a video + basic questions + practical exercises.  

Step 3: Associating the previous activities to the curriculum of BIMcert 

By combining the previous tables 14 and 15, to each skill of the initial BIMcert curriculum are associated 

different types of activities, depending on the learning level expected. The results are following in Table 

16.
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5.2.4 Results 
Table 16: (Proposal result) Association to activities for each skill of the initial BIMcert curriculum 

COURSE SUB 
THEME COMPETENCY SKILL  ACTIVITIES 

BIM 
Principles 

Introduction 

Context  
And 

Purpose 

Drivers Mandates, Wastage, Climate Change, etc. 

Videos, Basic Questions, Step-By-Step User Guides, Role Playing, Practical 
Exercises + Discussion boards, Problems, Case Studies 

Enablers Mandates, Environmental, Technology 

Benefits 

Energy Efficiency 
Productivity/ Efficiency 
Economical 
Key Holders And Stakeholders 

Barriers & Requirements Software & Hardware 
Videos, Basic Questions, Step-By-Step User Guides + Role Playing, Practical 
Exercises 

Concepts 

Key Terms 

Common Data Environment (CDE) 
Videos, Basic Questions, Step-By-Step User Guides, Role Playing, Practical 
Exercises + Discussion boards, Problems, Case Studies Soft Landings 

Digital Plan Of Work 
Project Information Modelling (PIM) 

Videos, Basic Questions, Step-By-Step User Guides + Role Playing, Practical 
Exercises 
 

Asset Information Modelling (AIM) 
Cobie 
IFC 
Employer/S Information Requirement 
BIM Execution Plan (BEP) 
BIM Protocol 
Employer Within Supply Chain, BIM Quality Management, BIM 
Contracts 

BIM Principles 

Collaboration 

Communication 
Videos, Basic Questions, Step-By-Step User Guides + Role Playing, Practical 
Exercises 

Information Modelling Videos, Basic Questions, Step-By-Step User Guides, Role Playing, Practical 
Exercises, Discussion boards, Problems, Case Studies + Appraisals, Creative 
Exercises Information Management 

Standards And Common Approaches 
Videos, Basic Questions, Step-By-Step User Guides + Role Playing, Practical 
Exercises 

Life Cycle And Estate Approach (Intro And Generic) 
Videos, Basic Questions, Step-By-Step User Guides, Role Playing, Practical 
Exercises + Discussion boards, Problems, Case Studies 

Security Minded Videos, Basic Questions, Step-By-Step User Guides + Role Playing, Practical 
Exercises Information Delivery Cycle 

Maturity Levels Bew Richards 
Videos, Basic Questions, Step-By-Step User Guides, Role Playing, Practical 
Exercises + Discussion boards, Problems, Case Studies 

 BIM Level Compliances (UK), OTHER (Bilal Succar) 
Videos, Basic Questions, Step-By-Step User Guides + Role Playing, Practical 
Exercises Standards 

PAS, BS, EN, ISO 
Layering, Naming Standards, IFC, IDM, MVD 
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COURSE DISCIPLINE SKILL ACTIVITIES 

BIM (3D) 
Components 

ARCH/ 
including 
Suppliers 

Software & Hardware Videos, Basic Questions, Step-By-Step User Guides + Role Playing, Practical Exercises 
Requirements Of Collaboration ( Intro) Videos, Basic Questions, Step-By-Step User Guides + Role Playing, Practical Exercises 
Modelling, Modifying Tools, Grids And Levels And Reference Planes Videos, Basic Questions, Step-By-Step User Guides, Role Playing, Practical Exercises + 

Discussion boards, Problems, Case Studies Creating Models (Including Customised And Bespoke Elements) 
Create And Apply Material (In DATA On Energy Efficiency, Energy Saving, & 
Renewals) Videos, Basic Questions, Step-By-Step User Guides 
Extracting Data From Model ( Schedules) 
Visualisations- Views, Animation, Render (Intro),  Data Structure, Objects 
Parameterization Videos, Basic Questions, Step-By-Step User Guides + Role Playing, Practical Exercises 

M&E/ 
including 
Suppliers 

Software & Hardware Videos, Basic Questions, Step-By-Step User Guides + Role Playing, Practical Exercises 
Requirements Of Collaboration (Intro) Videos, Basic Questions, Step-By-Step User Guides + Role Playing, Practical Exercises 
Modelling, Modifying Tools, Grids And Levels And Reference Planes Videos, Basic Questions, Step-By-Step User Guides, Role Playing, Practical Exercises + 

Discussion boards, Problems, Case Studies Creating Models (Including Customised And Bespoke Elements) 
Include Input Of DATA On Energy Efficiency, Energy Saving, & Renewals 

Videos, Basic Questions, Step-By-Step User Guides 
Extracting Data From Model ( Schedules) 
Use Of Spaces Videos, Basic Questions, Step-By-Step User Guides 
Creating Of Networks (Ventilation, Plumbing) Videos, Basic Questions, Step-By-Step User Guides + Role Playing, Practical Exercises 

Information Interchange 
Videos, Basic Questions, Step-By-Step User Guides, Role Playing, Practical Exercises + 
Discussion boards, Problems, Case Studies 

Publishing Information (Hseets, 3d To 2d)) Videos, Basic Questions, Step-By-Step User Guides + Role Playing, Practical Exercises 

Model Analysis, Data Structure, Objects Parameterization 
Videos, Basic Questions, Step-By-Step User Guides, Role Playing, Practical Exercises + 
Discussion boards, Problems, Case Studies 

STRUCT/ 
including 
Suppliers 

Software & Hardware Videos, Basic Questions, Step-By-Step User Guides + Role Playing, Practical Exercises 
Requirements Of Collaboration (Intro) Videos, Basic Questions, Step-By-Step User Guides + Role Playing, Practical Exercises 
Modelling, Modifying Tools, Grids And Levels And Reference Planes Videos, Basic Questions, Step-By-Step User Guides, Role Playing, Practical Exercises + 

Discussion boards, Problems, Case Studies Creating Models ( Including Customised And Bespoke Elements) 
Include Input Of DATA On Energy Performance And Production And Supply 
Carbon Footprint Videos, Basic Questions, Step-By-Step User Guides 
Extracting Data From Model 
Include Reinforcement Data Detailing Videos, Basic Questions, Step-By-Step User Guides, Role Playing, Practical Exercises + 

Discussion boards, Problems, Case Studies Information Interchange 
Publishing Information (Hseets, 3d To 2d)) Videos, Basic Questions, Step-By-Step User Guides + Role Playing, Practical Exercises 
Model Structural Analysis,  Data Structure, Objects Parameterization Videos, Basic Questions, Step-By-Step User Guides 

Table 16: (Proposal result) Association to activities for each skill of the initial BIMcert curriculum (Continuation) 
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COURSE DISCIPLINE COMPETENCY SKILL ACTIVITIES 

BIM (3D) For 
Visualizations 

ARCH, M&Es, STRUCT, (Blue 
Collars 6 Suppliers) BIM Tools 

3D Modelling And Components Videos, Basic Questions, Step-By-Step User Guides 
Materials 8 Visual Appearance Videos, Basic Questions, Step-By-Step User Guides + Role Playing, 

Practical Exercises Animations 
Rendering ( Rendering Engines) 

Videos, Basic Questions, Step-By-Step User Guides 
VR 
Export 

Videos, Basic Questions, Step-By-Step User Guides + Role Playing, 
Practical Exercises Blue Collars, Contractors, 

Estates, Etc. 
Interaction And 
Collaboration 

Access (Cloud, Apps, Navigation, Extracting Info), 
BIM Programming (Dynamo) 

COURSE DISCIPLINE COMPETENCY SKILL ACTIVITIES 

(6d BIM) 
Sustainability 

ARCHS, M&E, 
STRUCT, 
Suppliers 

Concepts 

Sustainable Design Principles Videos, Basic Questions, Step-By-Step User Guides 
Standards, Key Terms, Videos, Basic Questions, Step-By-Step User Guides 
BREEAM, PASSIVEHAUS, Etc... Videos, Basic Questions, Step-By-Step User Guides + Role Playing, Practical Exercises 
Methods Of Measurement Videos, Basic Questions, Step-By-Step User Guides + Role Playing, Practical Exercises 

6D Practical BIM Tools 
And Workflow 

Simulations (Solar, Etc...) Videos, Basic Questions, Step-By-Step User Guides + Role Playing, Practical Exercises 
Energy Analysis & Energy Efficiency Videos, Basic Questions, Step-By-Step User Guides 
Element Tracking (Sustainability) Videos, Basic Questions, Step-By-Step User Guides 
LEED Tracking Videos, Basic Questions, Step-By-Step User Guides + Role Playing, Practical Exercises 

COURSE DISCIPLINE COMPETENCY SKILL ACTIVITIES 

BIM (4d, 5d & 
7d) 

Collaboration  & 
Management  

All Disciplines (Including 
Blue Collars) 

Key Terms And 
Application 

CDE, Soft Landings, Digital Plan Work, Cobie, IFC, 
EIR, BEP, BIM Protocol Videos, Basic Questions, Step-By-Step User Guides, Role Playing, 

Practical Exercises + Discussion boards, Problems, Case Studies 
Standards Of Collaboration 
Technology Videos, Basic Questions, Step-By-Step User Guides, Role Playing, 

Practical Exercises, Discussion boards, Problems, Case Studies + 
Appraisals, Creative Exercises Communication 

Legal & Contractual 

Videos, Basic Questions, Step-By-Step User Guides, Role Playing, 
Practical Exercises, Discussion boards, Problems, Case Studies + 
Appraisals, Creative Exercises 

Discipline Derived  (ARCH, 
M&E, QS, STRUCT, 

CONTRACTORS, ESTATES 

Workflows And Practices Workflows, Federation, Clash Detection Videos, Basic Questions, Step-By-Step User Guides, Role Playing, 
Practical Exercises + Discussion boards, Problems, Case Studies 4D BIM 4D BIM ( Time Scheduling) 

QS & OCNTRACTORS 
(Including Other 

Disciplines For Specific 
Content) 

5D BIM (Estimating) 

Real Time Costing Videos, Basic Questions, Step-By-Step User Guides, Role Playing, 
Practical Exercises + Discussion boards, Problems, Case Studies Quantity Extraction And Cost Estimate 

Trades Verifications 

Videos, Basic Questions, Step-By-Step User Guides 
 

Value Engineering 
Pre Fab Solution 

ESTATES/ FACILITY 
MANAGERS                            

(Including Other 
Disciplines) 

7D BIM (Facilities & Life 
Cycle Management 

/Lifecycle) 

Life Cycle Strategies 
Cobie Data ( Extraction And Population) 
BIM Manuals 
BIM Maintenance Plans And Tech Support 
Exchange Systems, Hosting And Lease, Asset 
Information Modelling, Asset Information 
Requirements, FM Simulation, Space Management 

Videos, Basic Questions, Step-By-Step User Guides, Role Playing, 
Practical Exercises, Discussion boards, Problems, Case Studies, 
Appraisals, Creative Exercises + Projects and presentations 

Table 16: (Proposal result) Association to activities for each skill of the initial BIMcert curriculum (Continuation) 
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5.2.5 Analysis of the results 
Here in Figure 25 is the representation of each Bloom’s learning level for each learning outcome, after 

the association of skills made in Table 16. 

 

Figure 25: Analysis of the representation of each Bloom's learning level in each learning outcome 

The results are surprizing concerning the introduction, which requires activities with high levels of 

achievement. Requiring complex activities for introducing the principles of BIM may not be relevant. The 

introduction skills should be more about knowledge (level 1) and comprehension (level 2); it is why the 

results for this learning outcome are not satisfactory. 

However, the learning outcome “Collaboration and Management” is the one requiring the more complex 

activities with almost 25% of activities requiring the level 5 “Synthesis” and a skill with the level “Creation” 

which can be relevant as the collaboration is the more important aspect of BIM.  

The “Visualizations” learning outcome requires activities of level 2 and 3 only, which is in agreement 

with the objective of this course: to be addressed to all disciplines, only to teach the basic skills of BIM 

as viewing and rendering.  

The only two associations made for the LO “Sustainability” seem to consider this course as an 

introduction to sustainability with BIM and not a complex course. Making another survey about this 

learning outcome addressed to professionals could permit to identify more clearly the expectations of 

the AEC industry. 
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5.2.6 Conclusion 

The proposal made for BIMcert curriculum relies on advising activities for each skill, taking into account 

the learning level expected for each one by the AEC industry. The results gave a first proposal that 

seems in accordance with the progression of difficulty included in BIMcert curriculum. To go further, the 

results and mainly the activities addressed to the introduction learning outcome (which is quite different 

from the others in terms of content) should be revised through a survey using the same methodology, 

and also the ones addressed to sustainability depending on the strategy of BIMcert designers. It would 

also make possible the attribution of activities to the skills with missing correspondences in the study of 

Pikas and Sacks. However, this first step permitted to recommend relevant activities for almost all skill 

of BIMcert curriculum. 

5.3 GAMIFICATION FEATURES OF BIMCERT PLATFORM 
Once the curriculum is ready and adapted to the platform, it is essential to include gamification elements 

in the learning process. For that, all the learning process has to be designed and particularly the 

articulation of activities, skills, courses, from the first time the user will login into the platform, to the 

achievement of all levels. The project guidelines insist on this stage, by imposing particularly the use of 

points, badges, levels and leader boards. 

Obstacles 

The design of the process of progression when using the platform is not easy. Indeed, the system has 

to follow a few rules in order to be well balanced: 

- Some competencies must have a weight more important than others, because the requirements 

will not be the same for each; 

- It must be possible to identify clearly the user’s level in BIM, without being erased by some 

gamification processes. Indeed, the platform will include gamification elements but aims to be 

serious, delivering at the end of the training program some professional certifications; 

- The system has to include some tests in order to evaluate the user’s level. Those tests have to 

reward the user by giving him some credits or equivalent elements; 

- The system must include gamification elements as badges, leader boards, etc. and those 

elements have to be well integrated in the learning process; 

- The content must be unlocked progressively. 

Proposal of a learning process 

There are plenty of possibilities for the design of the learning process. However, here is proposal of 

structure for BIMcert that could respect the gamification concepts mentioned in part 3 and the previous 

rules. It is based on the initial curriculum of BIMcert and is linked with the results of Table 16 (association 

of activities). The system could be constructed as presented in Figure 26, with the following hierarchy: 

Courses > Competencies > Skills > Activities & Test. The objective is to get as close as possible as the 

initial curriculum in Table 12 in order to create a system which is not obsolete and which can really be 

applied for BIMcert. 
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Here are the some additional explanations about the proposal in Figure 26. 

Skills locked: This measure aims to force the user to begin with the easiest skill of the module, to go 

after that through the most difficult ones progressively. Unlocking a skill is made of course in a relevant 

way in order to increase the difficulty progressively. 

Activities: All activities will be immediately available. The objective is to not discourage the user, and to 

let him choose the activity that corresponds the most to him. Indeed, some will prefer the videos, and 

others the exercises for example, and one of the main concept of gamification if to let some freedom to 

the user. Activities will also not be mandatory. It permits to a user who already masters one skill of a 

module (and who doesn’t master the whole module – if not the module should not have been 

recommended to him) to directly pass the test without having to pass through all activities, all that without 

being penalized. 

Once that all the skills of a module are validated, the user is in possession of a score in XP that is the 

sum of scores obtained in the tests of each skill of the module. Moreover, the ratio: 

𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑝𝑝𝑜𝑜𝑝𝑝𝑛𝑛𝑝𝑝𝑝𝑝 𝑜𝑜𝑛𝑛𝑝𝑝𝑜𝑜𝑝𝑝𝑛𝑛𝑛𝑛𝑜𝑜 𝑜𝑜𝑝𝑝 𝑝𝑝ℎ𝑛𝑛 𝑝𝑝𝑛𝑛𝑝𝑝𝑝𝑝𝑝𝑝 𝑜𝑜𝑜𝑜 𝑝𝑝ℎ𝑛𝑛 𝑛𝑛𝑜𝑜𝑜𝑜𝑛𝑛𝑚𝑚𝑛𝑛 (𝑝𝑝𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑜𝑜)
𝑛𝑛𝑜𝑜𝑚𝑚𝑝𝑝𝑛𝑛𝑛𝑛𝑛𝑛 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑝𝑝𝑜𝑜𝑝𝑝𝑛𝑛𝑝𝑝𝑝𝑝 𝑝𝑝ℎ𝑜𝑜𝑝𝑝 𝑝𝑝ℎ𝑛𝑛 𝑛𝑛𝑝𝑝𝑛𝑛𝑛𝑛 𝑝𝑝ℎ𝑜𝑜𝑛𝑛𝑚𝑚𝑜𝑜 ℎ𝑜𝑜𝑎𝑎𝑛𝑛 𝑜𝑜𝑛𝑛𝑝𝑝𝑜𝑜𝑝𝑝𝑛𝑛𝑛𝑛𝑜𝑜

               (1) 

permits to deliver “stars” in accordance with the table 17 below. 

Table 17: Mechanism for the achievement of stars 

Ratio (1) Number of stars obtained 
Between 50% and 66,66% 1 

Between 66,66% and 83,33% 2 
Between 83,33% and 100% 3 

The user will always have the possibility to come back to this module, to increase his score to 

the tests of skills, in order to obtain more stars. 

Gamification elements 

Once all the competencies of a same course achieved, the user is in possession of a score in XP and a 

number of stars. The number of stars represents the success in the tests and so the BIM level, it can be 

modified only by increasing the performance to the tests. 

However, the number of XP can increase through different ways, by the obtaining of “badges”. The 

badges are rewarding a really good result at a test, offering a bonus of XP. Badges are also attributed 

in a lot of different cases, as the ones listed in table 18. 

Table 18: Proposition of badges for the platform 

Possible names Description XP obtained 

Level 5 Have reached level 5 100 

Energy specialist Successfully passed the BIM Energy analysis 
module 50 

Master In the 50 better users in the leader board 500 
Networker Connect both FB and Twitter to user account 30 
Collector Add to favourite 10 
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Appraiser Rated content 10 
Influencer Made 50 comments and 10 mention users 50 
Most popular Successfully recruit 5 users 100 
Mr. Commitment Log-in/visit site 15 days in a row 30 
Addicted +30 min visit 10 
Generous Upload photo 30 
Serious trainee Watch full content 10 
Explorer Have tried 3 different modules 10 

Many other types of badges can be imagined, as “legendary badges” which could represent years of 

work in order to put challenge in the platform. Each badge is associated with an icon and is displayed 

publicly on the user’s profile. A recent activity widget can advertises player achievements, inviting and 

educating the players on what they can do to earn badges. On the user’s profile are also displayed his 

number of stars, his score in XP and his actual level, in addition to his badges. 

The user will so possess:  

- A number of stars representing his BIM level on different learning modules; 

- Badges, rewarding a good result or some interactions with the platform; 

- Experience points that give a global progression of the user, representing at the same time his 

BIM progression and his use of the platform. 

This system permits to distinguish the BIM progression with the objective of a certification at the end of 

the training program, and at the same time encourages the participation on the platform with the 

achievement of badges. Moving to the next level is made with the number of XP, this bringing together 

both criteria. A user efficient on the tests but with no badge will be lightly penalized for moving to the 

next level, and the same is possible for a user who participates a lot on the platform but who doesn’t 

succeed the tests with good results. 

The user will receive gifts and virtual goods for obtaining some prestigious badges. For instance, he 

could unlock a raining module free of charge, or winning tickets for an event about BIM. 

A leader board will show to users where they rank. It will be divided in three categories: 

- The main leader board will rank users by their experience points to show their complete 

progression using the platform. They will be so ranked also by level; 

- Another leader board will rank users by the number of stars they have, to show their BIM skills; 

- A last leader board will rank users by the number of badges they have, to show their contribution 

and implication using the platform. 

The three leader boards can so be quite different, and all three have to be displayed in the same window. 

If not, only the main leader board will be taken seriously. 

All of the previous ideas are an example of how it is possible to introduce gamification elements into an 

e-learning platform. There are a lot of others possibilities, particularly in terms of structure of the learning 

process. The use of points, badges, levels and leader boards was present in the specifications and was 

respected. Many others gamification components could be added to the platform, as challenges, real 

games elements, reputation points, etc. 
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6 CONCLUSION 

The first stage in implementing BIM as a part of the curriculum, is to find out what levels of BIM 

proficiency a student must obtain and to identify the BIM skills associated. 

In terms of knowledge, Pikas and Sacks (2013) determined, by collecting the opinion of professionals 

from the construction industry, the BIM skills they expect a BIM specialist to have learned into his training 

program. This first step can help universities in their BIM implementing process, to know what to teach. 

Barison and Santos (2011) completed this work by providing the appropriate learning methods for 

teaching BIM as part of a special degree. However, it is important to consider also the introduction of 

basic BIM skills (as visualisations only) in the architecture and civil engineering curricula in order to 

make possible the widespread use of BIM in the construction industry. 

Moreover, there is one essential point missing for the development of BIM education on which almost 

all studies are in agreement: they recommend that the academic world and industry should form a 

partnership for knowledge transfer. 

The BIM education for professionals is also in difficulty. In most European countries, there are still no 

certifications and no clear definitions of jobs and of competencies related with BIM what makes the 

training offer very heterogeneous and so not really recognized by professionals.  

It is thus essential to develop a system of certification in the countries that don’t have any certification 

truly recognized. The essential is to normalize competencies and jobs, to create common references at 

a national or international level. For that, BIM4VET and buildingSMART international certification are 

both promising examples of certifications programs with huge potential for BIM education. 

Finally, e-learning has recently become a promising alternative to the traditional classroom learning, 

helping society to move toward a vision of on-demand learning. For time poor people, tailored to 

everyone, accessible everywhere, providing an engaging learning environment, the advantages are 

many. It can also permit to train so much individuals that the use BIM could be widespread very quickly.  

However, the isolation of individuals behind their computer and the learning approach is not always 

adapted to all and can discourage many trainees. To solve this problem, there new ways to bring 

motivation and engagement: gamification is an example. The game dynamics permit to compensate the 

isolation and lack of interactivity of online training. An example of BIM e-learning platform including 

gamification features is BIMcert, a European H2020 project very promising, which has the potential to 

widespread BIM education through Europe. 
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Annex 1: Pikas and Sacks, BIM Education at Three Universities Based on Interviews with Educators, 2011 

 

Category Stanford University University of Southern California Technion – Israel Institute of Technology 
Motivation for teaching BIM Industry needs engineers with BIM 

education 
Academia’s responsibility for 
developing next-generation architects 
and engineers 

Provide foundational skills for engineering 
communication (first degree); educate 
industry leaders in BIM (graduate level) 
 

BIM content offered Two elective “standalone” BIM 
courses: 
CEE 110/210: Building Information 
Modeling and CEE241: Managing 
Fabrication and Construction; several 
design and management courses have 
integrated BIM for teaching purposes 

Elective courses CE 470: Building 
Information Modeling and Integrated 
Practices and CE 570: Building 
Information Modeling for Collaborative 
Construction  
Management; integration of BIM 
content to other courses by other 
lecturers. 

Compulsory first year 014008: Graphical 
Engineering Communication; elective 
graduate course 019627: Advanced 
Building Information Modeling 

Conception of BIM “BIM is not a drafting skill but a 
technology that enables 
communication between AEC industry 
professionals (like any other 
language)” 

“BIM is a concept that requires process 
change—a collaborative platform for 
various project parties for effective 
communication. At universities 
fundamentals must retain but BIM 
must be taught as an integrator 
between a diversity of fields” 

“BIM is an activity that uses parametric, 
object-oriented and geometric modeling 
to support design, representation, 
engineering analysis and performance 
simulation, construction planning and 
design communication for building 
construction” 

Approach to BIM education BIM cannot take place in isolation 
because it requires construction 
knowledge; on the other hand, BIM 
can be used to teach students how 
buildings are constructed; approach 
depends on context of course 

BIM basics must be taught to enable 
students to progress individually and it 
must be integrated into real-life 
processes to show its applicability for 
continuous communication 
(information exchange)  

Provide basics of BIM education in first 
year, incorporate exercises that require 
its use in following years of first degree, 
and offer advanced skills only in graduate 
courses 

Teaching methods Video materials, lectures, classes, self 
learning, and involvement of students 
in research 

Self-learning, classes, video materials, 
and involvement of students in 
research 

Lectures, tutorials, modeling 
assignments, term project (first degree); 
multidisciplinary team projects at 
graduate level 

BIM integration in existing 
courses and lecturers’ 
capability to teach BIM 

Faculty need not to know all technical 
aspects of using BIM technologies; 
rather they should motivate and guide 
students to right tools and learning 
facilities 

Once students have the basics given 
through standalone courses, students 
are expected to be able to self-teach 
and take BIM knowledge to other 
courses 

Limited to small number of construction 
management and structural engineering 
courses 
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