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Adopting Building Information Modelling (BIM) is a radical challenge for Small and
Medium-sized construction enterprises (construction SMESs). Inadequate individual
BIM competencies in BIM-using teams are among key challenges, while Project-
Based Learning (PBL) could form a potential solution. An alternative PBL model
that conceptualises relations between knowledge practices exercised and project
influencing attributes is presented to be used further in improving BIM learning
mechanisms of teams. It contains three dimensions which are: 1) project knowledge
stocks; 2) project knowledge practices; and 3) project influencing attributes. A
Systematic Literature Review (SLR) is performed to qualitatively synthesise attributes
found from relevant literature from management and construction innovation. The
model serves as a framework for future studies and investigations on how project
knowledge practices and their influencing attributes in projects can assist BIM
learning in construction SMEs and BIM-using teams.
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INTRODUCTION

Adopting Building Information Modelling (BIM) is a radical challenge for Small and
Medium-sized construction Enterprises (construction SMEs) (Dainty et al., 2017;
Tulenheimo, 2015). BIM changes existing paradigms of construction by politically,
technologically, and procedurally (Migilinskas et al., 2013; Puolitaival and Forsythe,
2016) incorporates geometrical and functional properties of facilities for stakeholders
throughout the building lifecycle (Ding et al., 2014; Miettinen and Paavola, 2014).
Inadequate individual BIM competencies in BIM-using teams is the major issue
(Dainty et al., 2017; Succar and Sher, 2014), while Project-Based Learning (PBL) is a
potential solution (Bartsch et al., 2013; Hartmann and Dorée, 2015).

PBL values project-based knowledge and focuses on learning to improve
organisational performance and innovation adoption (Ashok et al., 2016;
Gopalakrishnan et al., 1999; Hartmann and Dorée, 2015). It answers to the temporal
nature of construction (Bakker et al., 2011; Davis et al., 2016), where innovations are
constantly co-developed among team members (Aouad et al., 2010; Lloyd-Walker et
al., 2014). PBL features the sender/receiver and social learning approaches (Bresnen
et al., 2003; Hartmann and Dorée, 2015). The former directs on knowledge practices
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and attributes affecting individual learning. The latter examines influencing attributes
of project context to learning. Additionally, relations between knowledge practices
used in teams and influencing attributes of projects can be studied to understand BIM
learning mechanisms in teams and advance individual BIM learning. The integration
of both approaches in literature of PBL is scarce.

The paper presents an alternative PBL model that conceptualises knowledge practices
in projects and influencing attributes of projects for future studies and practical
implementation. A Systematic Literature Review (SLR) is conducted to synthesise
attributes found. The structure of the paper is as follows. The background section
discusses PBL and BIM theories. PBL models and frameworks section investigates
background of related literature. Next, the research approach section clarifies the
methodology. Then, an alternative PBL framework is proposed. Ensuring sections
analyse the framework against literature and conclude this study.

BIM Adoption and Project-Based Learning

Building Information Modelling (BIM) Innovation Adoption

BIM is the common construction innovation (Bryde et al., 2013; Succar and Sher,
2014), the solution to fragmentation in construction (Chen et al., 2017;
Ghaffarianhoseini et al., 2017; Puolitaival and Forsythe, 2016). It emerges from the
current geometric oriented Computer Aided Design (CAD) program
(Ghaffarianhoseini et al., 2017). BIM politically, technologically, and procedurally
integrates facility-related geometries and functional properties for project actors
throughout the building lifecycle (Miettinen and Paavola, 2014; Puolitaival and
Forsythe, 2016). Adopting BIM is a systematic innovation for organisations (Murguia
et al., 2017; Papadonikolaki, 2017), however, it is a radical process innovation for
construction SMEs (Dainty et al., 2017; Tulenheimo, 2015) as they contain
insufficient resources of expertise and skills compared to large firms. Adopting BIM
will revolutionarily replace existing working paradigms. This complication is referred
to as inadequate individual BIM competencies (Succar and Sher, 2014). Gained
through BIM learning, individual BIM competencies are personal capacities to
perform or deliver BIM-related activities and outcomes (Succar and Sher, 2014). Foci
to advance this have been shifted to KBV of firms and PBL as valuable knowledge in
parts of a firm is unequally dispersed (Prencipe and Tell, 2001; Szulanski, 2000) and
learning is highly intensive in projects (Egbu, 2004; Hartmann and Dorée, 2015).

Knowledge-Based View (KBV) of Firms

KBV of firms perceives knowledge as a strategic resource (Nonaka and von Krogh,
2009). Knowledge is defined as individual capabilities acquired through dynamic
human processes of justifying personal perceptions towards truth (Nonaka, 1994;
Prencipe and Tell, 2001). Nonaka (1994) distinguished knowledge into explicit and
tacit. Explicit knowledge can be accessed through consciousness, codified, and
externalised, while tacit knowledge is intuitive, un-codifiable, and personal (Nonaka,
1994; Seidler de Alwis and Hartmann, 2008). For knowledge-intensive and project-
based organisations such as constructions (Egbu, 2004; Prencipe and Tell, 2001),
learning from projects is crucial to innovation adoption (Aouad et al., 2010).

Project-Based Learning (PBL)

PBL highlights the management of project-based knowledge to maximise individual
learning (Hartmann and Dorée, 2015; Prencipe and Tell, 2001; Yun et al., 2011).
Constructions are organised around projects (Gann and Salter, 2000; Tatum, 1987), an
innovative environment where specialists constantly explore and learn (Aouad et al.,
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2010; Bartsch et al., 2013; Davis et al., 2016). Lindner and Wald (2011) classified
project-based knowledge into: 1) project knowledge that denotes an overview of an
organisational landscape; 2) intra-project knowledge within a project; 3) knowledge
between upstream and downstream projects; 4) knowledge between parallel projects;
and 5) knowledge between projects and their parent organisations. Zhao et al., (2015)
added 6) knowledge between two projects with different completion time.

Individual learning occurs when routines are recreated and maintained in new settings
(Hartmann and Dorée, 2015). Learning in projects is categorised into the
sender/receiver and social learning approaches (Bresnen et al., 2003). The former
expresses learning from processes of storing, retrieving, and transferring explicit
knowledge that can be reverted to transmission channels such as electronics and
document-based repositories (Bresnen et al., 2003; Hartmann and Dorée, 2015).
Referred as the 'cognitive approach’, it is suitable for product innovation, where
learning is based on codifiable knowledge (Bresnen et al., 2003). The latter focuses
more on tacit knowledge transfer and prioritises attributes promoting a fertile
environment, a context that facilitate learning (Szulanski, 2000) and innovation from
collaboration mechanism in teams (Bresnen et al., 2003; Hartmann and Dorée, 2015).
Described as the ‘community approach’, it is advisable for process innovation as
knowledge learned is mostly un-codifiable (Bresnen et al., 2005).

Project-Based Learning Models and Frameworks

PBL models and frameworks can be classified into the sender/receiver and social
learning approaches (Bresnen et al., 2003). Within the sender/receiver approach,
Prencipe and Tell (2001) suggested a learning landscape framework in analysing
learning abilities of project-based firms. Prencipe and Tell (2001) argued for
attentions upon processes of learning and the articulation of codifiable knowledge.
Szulanski (2000) presented a process model of knowledge transfer between
individuals and highlighted transfer barriers on each process. Built on Szulanski
(2000), Tan et al., (2006) introduced a model in live-capturing and sharing of explicit
knowledge among project members. Tan et al., (2006) stressed workflows and
knowledge practices as major attributes to individual learning of codifiable
knowledge. Knowledge practices were mentioned in Reich et al., (2012) to help
generate desired business outcomes when aligned with knowledge stocks and enabling
environment dimensions. Duffield and Whitty (2015) accentuated this by proposing
the Systematic lessons learned knowledge (Syllk) model, encouraging the alignment
of organisational elements such as people, practices, culture, and so forth.

For the social learning approach, Bresnen et al., (2005) proposed a framework of
structural, relational, and cognitive dimensions of social capital in PBL. Chen and
Huang (2007) argued for less formalisation, more decentralisation, and high individual
integration structure and climate. Bakker et al., (2011) presented temporal dimension
instead of the structural dimension, stressing influences the temporal nature of
constructions have to learning. Bakker et al., (2011) also highlighted absorptive
capacities and motivations of individuals as major contributors to project learning.
Respectively to the cognitive, relational, and temporal dimensions, Lindner and Wald
(2011) posed three supporting attributes of culture and leadership, organisation and
process, and technological system. Bartsch et al., (2013) investigated the relational
dimension further and suggested advocating attributes of social ties and shared system
of meanings among colleagues. Additionally, Hartmann and Dorée (2015) linked
individual learning to social and organisational context in which projects are formed.
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Zhao et al., (2015) re-classified project influential attributes into transfer capabilities,
relationships, context, and task context of project teams.

RESEARCH APPROACH

The theoretical body of the sender/receiver approach explores upon processes and
knowledge practices in learning codifiable knowledge in projects. The knowledge
body of the social learning approach accentuates learning of un-codifiable knowledge
and influencing attributes of a fertile project. Additionally, relations between
knowledge practices and influencing attributes of a fertile project can be challenged to
advance individual BIM learning. Their affiliations in BIM-using teams can be
formulated to understand BIM learning mechanisms in teams to advance individual
BIM learning. The paper addresses the research question of "how can relations
between project knowledge in practices and their influencing attributes be
conceptualised to advance individual BIM learning in teams?"

This research exercises a constructivist ontology and an interpretive epistemology of
PBL and BIM adoption in construction SMEs. It suggests that the integration of both
theoretical bodies potentially yield a new perspective to the practical problem of BIM
adoption in construction SMEs and therefore needs to be interpreted or formulated.
The research proposes a model that conceptualises knowledge practices used by
project members and influencing attributes to a fertile project. The model advances
from the SLR of PBL, project knowledge transfer, and construction innovation
adoption. SLR is known to be efficient for identifying and evaluating extensive
literature (Crossan and Apaydin, 2010; Tranfield et al., 2003). This paper starts by
determining relevant keywords to the research question. Searches are made through
academic sources such as the International Journal of Project Management, Journal of
Knowledge Management, Journal of Management Studies, Construction Innovation
Journal, Automation in Construction Journal, Building Research and Information
Journal, and Proceedings of ARCOM (Association of Researchers in Construction
Management) Annual Conferences. Qualitatively, insights from the secondary data
are synthesised and built upon one another through an inductive approach.

An Alternative Project-Based Learning Model

This alternative PBL model incorporates several insights from the SLR and includes
three dimensions which are: 1) project knowledge stocks; 2) project knowledge
practices; and 3) project influencing attributes.

Project knowledge stocks

Similar to Reich et al., (2012), project knowledge stocks represent individuals with
cognitive capacities and potentials to increase such knowledge. The project
knowledge stocks sort individuals into a sender and a receiver. Referring to Lindner
and Wald (2011) and Zhao et al., (2015), the sender and receiver can be two different
individuals within a project, between upstream and downstream projects among
parallel projects, and between two projects within different completion time. The
receiver can also be the sender, learning from previous projects.

Project knowledge practices

Project knowledge practices are activities exercised to learn (Reich et al., 2012). They
act as mechanisms to translate, transfer, and share knowledge from one entity to
another (Liyanage et al., 2009). Attributing practices from the SLR are classified into:
1) codifiable approach; 2) un-codifiable approach; and 3) mixed approach in Table 1
as follows.
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Table 1: Approaches of project knowledge practices and their attributing practices.

Approaches Attributing practices Cited references

Codifiable External knowledge sources Tan et al., (2006)

approach Project documentations Hartmann and Dorée (2015)
(concerns

explicit Research and development Tan et al., (2006)
knowledge)

Un-codifiable
approach
(concerns tacit

knowledge)

Mixed approach
(concerns both
explicit and
tacit

knowledge)

Standardised operations and manuals

Shared knowledge repositories
Creation of a knowledge team

Incentive schemes

Informal meetings

Mentoring

Partnership

Recruitment and reassignment of
project members

Assignment of knowledge
management personnel

Post project reviews

Professional networks

Promotion of knowledge sharing
culture

Trainings and workshops

Project influencing attributes
Project influencing attributes incorporate both technological and social aspects of
PBL. They can be enabling and hindering attributes to a fertile project, based on
perceptions of teams. Project influencing attributes facilitate project knowledge
practices and form a unique learning mechanism in teams. Attributes found are
classified into topics, then categorised into different themes which are: 1) qualities of
a sender; 2) qualities of a receiver; 3) project team relationships; 4) project team
context; and 5) project operational context presented in Table 2.

Tan et al., (2006)
Egbu (2004) and Tan et al., (2006)
Egbu (2004) and Tan et al., (2006)

Dutftield and Whitty (2015) and Egbu
(2004)

Duftield and Whitty (2015) and Tan et al.,
(2006)

Dutftield and Whitty (2015) and Egbu
(2004)

Tan et al., (2006)
Tan et al., (2006)

Duffield and Whitty (2015)
Hartmann and Dorée (2015) and Tan et al.,
(2006)

Egbu (2004) and Tan et al., (2006)
Dutfficld and Whitty (2015)

Tan et al., (2006)

Table 2: Themes and topics of project influencing attributes and their supporting attributes

Themes Topics Supporting attributes
Qualities of  Transferring  Existing abilities of an individual to realise values and purposes of
a sender capacities knowledge, as well as take opportunities to accurately document and
store such knowledge (Bresnen et al., 2003; Hartmann and Dorée,
2015; Tan et al., 2006)
Willingness ~ Resources such as time in capturing knowledge (Hartmann and Dorée,
to share 2015), workloads of the sender, and legal issues associated to

knowledge captured (Tan et al., 2006).
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Qualities of  Absorptive Abilities to identify the value of new knowledge, assimilate it with

a receiver capacities existing knowledge, and apply it to commercial ends (Bakker ef al.,
2011; Bartsch et al., 2013; Bresnen et al., 2003; Lloyd-Walker et al.,
2014).

Knowledge Usefulness (Hartmann and Dorée, 2015), expiration, and fragmentation
quality of captured knowledge (Zhao et al., 2015).

Motivation Resources such as time in learning (Hartmann and Dorée, 2015),
to absorb workloads of the sender, and legal issues associated to knowledge
captured (Tan ef al., 2006).

Project team Cognitive Shared representations, interpretation, and system of meanings among
relationships  aspects team members (Bakker ef al., 2011; Bartsch et al., 2013; Bresnen ef
al., 2005).
Relational Network ties with current and former project team members based on
aspects trust, cooperation, and communication (Bakker et al., 2011; Bartsch et

al., 2013; Chen and Huang, 2007)

Temporal Disruptive experience and connection of team members from previous
aspects projects (Bakker ef al., 2011; Bresnen et al., 2005).
Project team Project Senior management support, knowledge sharing culture, and no-blame
context climate culture where social barriers in learning are blurred (Duffield and

Whitty, 2015; Lloyd-Walker et al., 2014) and learning in projects is
structured (Duffield and Whitty, 2015; Egbu, 2004; Lindner and Wald,

2011).
Project Costs and investment made by a project to capture and transfer
resources knowledge, and modify existing business processes (Lloyd-Walker et

al., 2014; Tan et al., 2006).

Project Formalisation, centralisation, integration, and stratification of a project
structure (Chen and Huang, 2007; Egbu, 2004) and clearly defined roles and
responsibilities (Bresnen ef al., 2003).
Project Project Similarities of projects, tasks, and problems found (Zhao et al., 2015).
operational  similarities
context . . L . .
Time Differences in timescale of projects, tasks, and urgencies of problems
urgencies encountered (Duffield and Whitty, 2015; Zhao et al., 2015).

The alternative Project-Based Learning (PBL) model

Inductive approach allows attributes found to be developed into a model (Figure 1).
The project knowledge practices are means through which the receiver learns from the
sender.

Project influencing attributes

Qualities of a sender Project team relationships Qualities of a receiver
Project team context
Project operational context

: : :

Project knowledge stocks + Project knowledge practices Project knowledge stocks

(a sender) (a receiver)

Codified approach
Un-codified approach
Mixed approach

Figure 1: The alternative Project-Based Learning (PBL) model

A project can contain several attributing practices from different approaches of the
project knowledge practices. The project team relationships, project team context, and
project operational context directly influence the project knowledge practices and
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form the learning mechanism of a team. The qualities of senders and receivers
respectively affect each project knowledge stocks in learning.

DISCUSSION

The model resonated with theories about knowledge as a strategic resource (Nonaka
and von Krogh, 2009), highlighted the importance of individual knowledge and
competencies (Nonaka and von Krogh, 2009; Seidler de Alwis and Hartmann, 2008),
and addressed relations of knowledge practices and their influencing attributes to
individual BIM learning in teams.

The dimensions in the proposed model were developed from knowledge practices,
knowledge stocks, and enabling environment dimensions of Reich et al., (2012). The
project knowledge stocks were categorised based on different types of project-based
knowledge in Lindner and Wald (2011) and Zhao et al., (2015). The codifiable and
un-codifiable approaches of the project knowledge practices were based on knowledge
types focused in the sender/receiver and social learning approaches (Bresnen et al.,
2003; Hartmann and Dorée, 2015), as well as the general classification of knowledge
in Nonaka (1994). The mixed approach was proposed based on how some knowledge
practices practically include the learning of both types of knowledge. Themes of
project influencing attributes were extended from Zhao et al., (2015). The transfer
capabilities of individuals from Zhao et al., (2015) were sorted into the qualities of
senders and receivers to match the project knowledge stocks dimension. The project
team relationships include the temporal, relational, and cognitive aspects from Bakker
etal., (2011). This contradicted to Bresnen et al., (2005), who presented the structural
aspect together with the relational and cognitive aspects in assessing the social capital
of firms. This paper classified the structural aspect with project climate (Chen and
Huang, 2007) and project resources (Tan et al., 2006) as they are significant in
forming a fertile project team context. The project operational context held affinities
to task context of a project in Tan et al., (2006) as it contained task similarities and
time urgencies.

Practically, construction SMEs adopting BIM and BIM-using teams can employ this
model to reflect, assist, and improve upon existing BIM learning mechanisms and
advance individual BIM competencies. It allows construction SMEs and BIM-using
teams to select best practices to suit their existing project context or alter their context
to fit practices exercised in the firm. It also fosters greater understanding on
managerial challenges in construction innovation adoption and offers opportunities to
challenge such issue.

Theoretically, with the constructivist ontology and interpretivist epistemology, this
model consolidates related literature, question the current theoretical body of PBL,
and additionally suggests a new perspective of the under-studied relations between
project knowledge practices and project influencing attributes to advance individual
BIM learning and BIM adoption in construction SMEs. It combines and builds on
current theories of PBL with different rationale from project knowledge transfer and
construction innovation adoption literature. Further studies and practical
implementations are needed in exploring, refining, and validating the alternative
perspective presented and the proposed model, as well as populating with empirical
data.
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CONCLUSIONS

BIM adoption is a radical innovation for construction SMEs due to the lack of
individuals with adequate BIM competencies in BIM-using teams. PBL is suggested
as potential solution. This paper challenges current theories of PBL by presenting an
alternative PBL model that conceptualises relations between knowledge practices and
influencing attributes of projects. The model formulates from attributes synthesised
from the SLR of PBL, project knowledge transfer, and construction innovation
adoption. It contains three dimensions which are: 1) project knowledge stocks; 2)
project knowledge practices; and 3) project influencing attributes. The model allows
construction SMEs and BIM-using teams to evaluate and improve their learning
mechanisms to advance BIM learning. This paper consolidates existing literature and
introduced an alternative approach to PBL to support BIM and innovation adoption in
general. Future studies are needed to refine all variables and investigate how project
knowledge practices and project influencing attributes can assist BIM adoption in
construction SMEs and individual BIM learning in BIM-using teams.

REFERENCES

Aouad, G, Ozorhon, B and Abbott, C (2010) Facilitating innovation in construction.
Construction Innovation, 10(4), 374-394.

Ashok, M, Narula, R and Martinez-Noya, A (2016) How do collaboration and investments in
knowledge management affect process innovation in services? Journal of Knowledge
Management, 20(5), 1004-1024.

Bakker, R M, Cambré, B, Korlaar, L and Raab, J (2011) Managing the project learning
paradox: A set-theoretic approach toward project knowledge transfer. International
Journal of Project Management, 29(5), 494-503.

Bartsch, V, Ebers, M and Maurer, | (2013) Learning in project-based organizations: The role

of project teams’ social capital for overcoming barriers to learning. International
Journal of Project Management, 31(2), 239-251.

Bresnen, M, Edelman, L, Newell, S, Scarborough, H and Swan, J (2003) Social practices and
the management of knowledge in project environments. International Journal of
Project Management, 21(3), 157-166.

Bresnen, M, Edelman, L, Newell, S, Scarborough, H and Swan, J (2005) Exploring social
capital in the construction firm, 33(3), 235-244.

Bryde, D, Broquetas, M and Volm, J M (2013) The project benefits of building information
modelling (BIM). International Journal of Project Management, 31(7), 971-980.

Chen, B, Liu, AM M and Hua, Y (2017) An exploration of the interaction between BIM
technology and the business process of a construction organization in BIM
implementation. WIT Transactions on the Built Environment, 169, 177-189.

Chen, C J and Huang, J W (2007) How organizational climate and structure affect knowledge
management: The social interaction perspective. International Journal of Information
Management, 27(2), 104-118.

Crossan, M M and Apaydin, M (2010) A multi-dimensional framework of organizational
innovation: A systematic review of the literature. Journal of Management Studies,
47(6), 1154-1191.

Dainty, A, Leiringer, R, Fernie, S and Harty, C (2017) BIM and the small construction firm:
A critical perspective. Building Research and Information, 45(6), 696-709.

64



An Alternative Project-Based Learning Model

Davis, P, Gajendran, T, Vaughan, J and Owi, J (2016) Assessing construction innovation:
Theoretical and practical perspectives. Construction Economics and Building, 16(3),
104-115.

Ding, L, Zhou, Y and Akinci, B (2014) Building Information Modeling (BIM) application
framework: The process of expanding from 3D to computable nD. Automation in
Construction, 46, 82-93.

Duffield, S and Whitty, S J (2015) Developing a systemic lessons learned knowledge model
for organisational learning through projects. International Journal of Project
Management, 33(2), 311-324.

Egbu, C O (2004) Managing knowledge and intellectual capital for improved organizational
innovations in the construction industry: An examination of critical success factors.
Engineering, Construction and Architectural Management, 11(5), 301-315.

Gann, D M and Salter, A J (2000) Innovation in project-based , service-enhanced firms: The
construction of complex products and systems. Research Policy, 29(7-8), 955-972.

Ghaffarianhoseini, Ali, Tookey, J, Ghaffarianhoseini, A, Naismith, N, Azhar, S, Efimova and
Raahemifar, K (2017) Building Information Modelling (BIM) Uptake: Clear benefits,
understanding its implementation, risks and challenges. Renewable and Sustainable
Energy Reviews, 75(1), 1046-1053.

Gopalakrishnan, S, Bierly, P and Kessler, E H (1999) A reexamination of product and process
innovations using a knowledge-based view. Harvard Business Review, 10(2), 130-
153.

Hartmann, A and Dorée, A (2015) Learning between projects: More than sending messages in
bottles. International Journal of Project Management, 33(2), 341-351.

Lindner, F and Wald, A (2011) Success factors of knowledge management in temporary
organizations. International Journal of Project Management, 29(7), 877-888.

Liyanage, C, Elhag, T, Ballal, T and Qiuoing, L (2009) Knowledge communication and
translation - A knowledge transfer model. Journal of Knowledge Management, 13(3),
118-131.

Lloyd-Walker, B M, Mills, A J and Walker, D H T (2014) Enabling construction innovation:
The role of a no-blame culture as a collaboration behavioural driver in project
alliances. Construction Management and Economics, 32(3), 229-245.

Miettinen, R and Paavola, S (2014) Beyond the BIM utopia: Approaches to the development
and implementation of building information modeling. Automation in Construction,
43, 84-91.

Migilinskas, D, Popov, V, Juocevicius, V, and Ustinovichius, L (2013) The benefits, obstacles
and problems of practical BIM implementation. Procedia Engineering, 57, 767-774.

Murguia, D, Demian, P and Soetanto, R (2017) A Systemic BIM Innovation Model In The
Construction Supply Chain. In: Chan, P W and Neilson, C J (Eds.), Proceedings 33rd
Annual ARCOM Conference, 4-6 September 2017, Fitzwilliam College, Cambridge,
UK. Association of Researchers in Construction Management, 15-24.

Nonaka, | (1994) A dynamic theory of organizational knowledge creation. Organization
Science, 5(5), 14-37.

Nonaka, | and von Krogh, G (2009) Perspective-tacit knowledge and knowledge conversion:
Controversy and advancement in organizational knowledge creation theory.
Organization Science, 20(3), 635-652.

65



Udomdech, Papadonikolaki and Davies

Papadonikolaki, E (2017) Grasping Brutal And Incremental BIM Innovation Through
Institutional Logics. In: Chan, P W and Neilson, C J (Eds.), Proceedings 33rd Annual
ARCOM Conference, 4-6 September 2017, Fitzwilliam College, Cambridge, UK.
Association of Researchers in Construction Management, 54-63.

Prencipe, A and Tell, F (2001) Inter-project learning: Processes and outcomes of knowledge
codification in project-based firms. Research Policy, 30(9), 1373-1394.

Puolitaival, T and Forsythe, P (2016) Practical challenges of BIM education. Structural
Survey, 34(45), 351-366.

Reich, B H, Gemino, A and Sauer, C (2012) Knowledge management and project-based
knowledge in it projects: A model and preliminary empirical results. International
Journal of Project Management, 30(6), 663-674.

Seidler de Alwis, R and Hartmann, E (2008) The use of tacit knowledge within innovative
companies: Knowledge management in innovative enterprises. Journal of Knowledge
Management, 12(1), 133-147.

Succar, B and Sher, W (2014) A competency knowledge-base for BIM learning. Australasian
Journal of Construction Economics and Building - Conference Series, 2(2), 1.

Szulanski, G (2000) The process of knowledge transfer: A diachronic analysis of stickiness.
Organizational Behavior and Human Decision Processes, 82(1), 9-27.

Tan, H C, Carrillo, P, Anumba C, Kamara, J M and Bouchlaghem, D (2006) Live capture and
reuse of project knowledge in construction organisations. Knowledge Management
Research and Practice, 4(2), 149-161.

Tatum, C B (1987) Process of innovation in construction firm. Journal of Construction
Engineering and Management, 113(4), 648-663.

Tranfield, D, Denyer, D and Smart, P (2003) Towards a methodology for developing
evidence-informed management knowledge by means of systematic review. British
Journal of Management, 14(3), 207-222.

Tulenheimo, R (2015) Challenges of implementing new technologies in the world of BIM -
Case study from construction engineering industry in Finland. Procedia Economics
and Finance, 21, 469-477.

Yun G, Shin, D, Kim, H and Lee, S (2011) Knowledge-mapping model for construction
project organizations. Journal of Knowledge Management, 15(3), 528-548.

Zhao D, Zuo, M and Deng, X (Nancy) (2015) Examining the factors influencing cross-project
knowledge transfer: An empirical study of IT services firms in China. International
Journal of Project Management, 33(2), 325-340.

66



