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PREFACE

This report is written to summarise the research that has been conducted as the final stage of the master
programme of Construction Management and Engineering in University of Twente, the Netherlands. The
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development of a training curriculum for construction consulting companies.
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through the whole process to guide me, bringing me back to the right line with their feedback and helping
me look always one step further towards better results. | would also like to thank Hans for keeping an
overview with his experienced eye on my work.

Further | would very much like to thank my company supervisor Robert-Jan who was always available to
discuss on my ideas, give me a different perspective and help me improve my results. This project would
not be possible if | did not have the help of Mark and Dirk. They were always there to provide me with
information and the content regarding the company projects, procedures and culture, and their feedback
from a management and a human talent point of view. | would also like to thank all my colleagues that
were available to help me on my daily progress and eager to participate on my workshop for collecting
the initial data.

Last, | would also like to thank my parents and friends for all their support my graduation process. They
have always been there to provide feedback, distraction and long discussions over design decisions that
are necessary components within a design process.
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SUMMARY

4D BIM is an emerging technology in the construction sector that does not only require the use of new
software tools but also the adoption of a new process for planning the construction activities in 4D.
Previous research and professional trainings focus explicitly on the software aspects related to 4D BIM
as a tool. The aim of this research was to design a training curriculum for acquiring both software and
process related competencies to assist implementation of 4D BIM in construction consulting firms. The
design process consisted of three discrete phases. During the first phase eighty — seven (87) 4D BIM
competency items were revealed with the help of professionals. These were categorized in competency
topics under six competency sets that are the same (competency sets) proposed in research for BIM
competencies exploration. In the second phase, educational research outcomes, describing the steps and
the process for developing a training curriculum in detail, have been employed to propose a process-
oriented, on-the-job training. The training consists of three levels of 4D BIM competency and is organized
in nine training modules that combine a training session of 3,5-5 hours with an on-the-job assignment to
be completed within the time frame of 1 or 3 months. In the last phase an evaluation step has been taken
in order to evaluate the relevance and the perceived validity of the proposed training curriculum by
different professionals and training experts. The proposed approach has been considered relevant not
only for consulting firms but for a broader audience in the construction sector after some modifications.
The evaluation of the perceived validity has a positive outcome as well. However, full implementation
would be required to measure the efficiency of the training based on the learning outcomes. The current
study aims to assist construction consulting firms develop in-house training activities in order to act as
4D BIM champions in the construction sector. The steps of this design research approach have been
explicitly documented in order to provide the base for future research in construction professionals
training. The proposed way of coupling professionals experience with educational science, could result
in training activities for accelerating the digital transformation of the construction industry.
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INTRODUCTION

The latest years, the construction domain is focusing strongly on digitalisation in order to ensure that
the benefits for increased productivity will be fully leveraged and that the construction sector will be able
to keep pace with innovation. It is estimated that all construction firms will run completely digital within
the next 10 years. The main step towards digital construction was the development of Building
Information Modeling (BIM), since 2002, that has been referred as the backbone of the industry’s digital
transformation (World Economic Forum, 2018).

As BIM can be defined a “digital representation of all the physical and functional characteristics of a
facility” (Ding, Zhou and Akinci, 2014). However, it is important to emphasise that BIM should not be
perceived only as a tool for 3D CAD. The BIM approach is based on the modelling of 3D objects, that
integrate all information regarding the geometric but also the functional properties, though the entire life
cycle of a facility. This makes BIM more than an advanced tool for 3D design as it can assist the
communication of information and therefore the decision making, through the entire life of a construction
project (planning, design / engineering, construction, operation){Ding et al., 2014). Therefore, considering
the broader character of BIM, this could be better defined as a “collaborative process” (World Economic
Forum, 2018) and precisely “the process of generating and managing information about a building during
its entire lifecycle” (Kassem, Brogden and Dawood, 2012).

One of the latest applications of BIM with significant impact on the design and the construction phases
of large-scale projects, is the ability to add time as a fourth dimension in the BIM {(model), known as 4D
BIM. By that is simply meant the animation of the 3D objects in a 3D BIM (model) based on their
construction sequence, on the exact time that is defined by the construction schedule. At this point, it is
necessary to clarify that there are several ways of producing a 4D visualisation of a construction project,
that do not necessary involve the concept of BIM. Already, 10 years ago Allen and Smallwood (2008)
proposed the use of 4D planning (without referring to BIM vyet) in order to achieve highly efficient
construction schedules and clarity in communication. However, when talking about 4D BIM, it is
specifically meant the visualisation of the construction tasks’ sequence by matching the objects of a 3D
BIM (model) with their corresponding activities in a construction schedule. 4D BIM, results in the
development of a visualised construction schedule that integrates all assets of a BIM (model). However,
the character of 4D BIM doesn’t involve only the software tool for visualisation, but a whole new process
for developing a construction schedule.

A 4D BIM (model) enables all parties involved in the design-engineering and the construction phase of
a project to closely examine through a visualisation the construction process. In this way, better
understanding and improved decision making can be achieved (Gledson and Greenwood, 2017). With the
visualisation of the construction sequence, practitioners can identify problems, inefficiencies and
mistakes of the construction schedule in a virtual setup and proceed with adjustments before these occur
in real life. At the same time, the process of developing a construction schedule itself, can be improved
when done with 4D BIM. Within the planning process, several activities can benefit from the use of 4D
BIM: identification of the construction tasks, recognition of the logical dependencies and collective
decision making regarding the construction sequence, gathering of information and evaluation of the
duration of the tasks and finally communication of the overall construction plan and different project
timelines (Bolshakova, Guerriero, Carvalho and Halin, 2019; Gledson and Greenwood, 2017; Trebbe,
Hartmann and Dorée, 2015). Due to the fact that the value of 4D BIM has been widely recognised by
practitioners, the last years there is significant effort to reveal the factors that would trigger it's adoption
by the construction sector (Gledson, 2015; Gledson and Greenwood, 2017; Sedigi, 2018).
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Knowledge and skills as a barrier for 4D BIM adoption

As part of BIM and the broader digital transformation of the construction industry, the adoption of 4D
BIM does not come easy. One of the three main action areas for accelerating BIM adoption in the
construction sector is the enablement of all stakeholders (World Economic Forum, 2018). Enablement
involves actions for improving skills, changing processes along with the use of new technological tools
and ensuring long-term commitment and financing. One of the biggest challenges when trying to upskill
the construction sector is that the digital transformation should take place, while maintaining a
competitive and operational position within the market. Construction consulting firms usually consist of
people who have a higher level of education and work within temporary organisations responsible to
provide know-how for the delivery of large infrastructure projects (Kreitl and Oberndorfer, 2004). Since
the reliability of a construction consulting firm depends on the ability of their professionals to deliver
advanced services for on-going projects, the upskilling process is significantly challenging. This becomes
clearer when looking at the challenges that occur not only within the organisation (intra-organisational)
but also among the different organisations of a project coalition (inter-organisational).

In an intra — organisational level, challenges with the 4D BIM implementation occur on the adoption of
software tools but also on the ability of people to adapt within the process. It is obvious that 4D BIM
practitioners need some technical knowledge for using multiple digitisation features and various 4D
planning software tools (Allen and Smallwood, 2008). But what is also required, similarly to other BIM
specialisations, is an amount of discipline specific skills {i.e. creating construction schedules) and soft
skills (i.e. collaborating efficiently with different disciplines) in order to be able to overcome challenges
that come up in their everyday practice. Davies, McMeel and Wilkinson {2015), pinpointed the need of
employees to have advanced personal and interpersonal skills to collaborate efficiently and manage
conflicts within the BIM process, and the need for thorough understanding of the project management
tasks linked to their roles.

At the same time, in an inter-organisational level the difference on BIM maturity and 4D BIM readiness
among the members of the project coalitions, causes several challenges for construction consulting
companies that aim to act as early adopters of 4D BIM. This is because the quality of a 4D BIM {model)
highly depends on information provided by different members of a project coalition. The 3D BIM {model)
is usually provided by members of the design team and the information related to the Work Breakdown
Structure (WBS), the sequence and duration of the construction activities is usually provided by the
contractor(s) or the different subcontractors. Boton et al., (2015), report that due to lack of BIM readiness
of the 3D model and relevant interoperability issues, it is often the case, that the worktime investment
for the preparation of 4D BIM can be very high. It is a common issue that the effort required in order to
align the level of detail between the different inputs, can be significantly demanding. Often the elements
of the WBS are not at the same level of detail with the 3D design, that has been prepared by a different
company. Therefore, there is need for additional work by the 4D modelers to prepare detailed tasks that
correspond to the 3D objects (Boton et al., 2015). Furthermore, it is possible that the 3D BIM (model)
cannot be used directly but only after several modifications or it may not even be possible to be used at
all (Disthikar, Jayasena and Ariyachandra, 2016).

Both in an inter-organizational and an intra-organisational content, two components become clear
regarding the knowledge and skills required for accelerating the adoption of 4D BIM: the learning of new
digital tools {software) and the adoption of a new way of working {process). Adriaanse, Voordijk and
Dewulf (2010), identified that knowledge and skills — regarding the use of the technology - as one of the
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four mechanisms that influence the adoption of ICT" innovations, in the construction sector and therefore
the adoption of 4D BIM. In that context, knowledge and skills refer to the ability of the different actors to
act within the new ICT procedures (process) and operate the application {software) (Adriaanse et al.,
2010). At the same time, Gledson and Greenwood (2017), identified as main factors influencing the
adoption of 4D BIM, the compatibility of the new process with the current process and the ability to
experiment with the tool (software) before applying it in ongoing projects. Therefore, any attempt to
approach 4D BIM related knowledge and skills, it is necessary to consider the process character of 4D
BIM.

Aim of the study

There are no previous studies (to our knowledge) that have been exploring 4D BIM abilities in a way to
include both software and process related knowledge and skills. However, there is previous research in
the broader field of BIM abilities, in which the term competency has been used to address holistically
knowledge, skills and personal traits to be acquired for successful BIM implementation (Barison and
Santos, 2011; Giel and Issa, 2015; Succar and Sher, 2014; Succar, Sher and Williams, 2013). The term
competencies, has being used to describe all the three components of “personal traits, professional
knowledge and technical abilities required by an individual to perform a BIM activity or deliver a BIM-
related outcome” (Succar et al., 2013). This definition is also being used within the scope of this study to
describe competencies required to perform 4D BIM activities for delivering 4D BIM outcomes.

The identification of specific 4D BIM competencies and the development of a 4D BIM competency
framework was one of the first aims of this study. Succar et al. (2013), have developed a framework for
BIM competencies assessment, acquisition and application. This framework consist of competency tiers,
sets and topics to assist the classification and the analysis of the competencies. The way that the
competencies have been described and classified in the research by Succar et al. (2013) has been used
as a base for this project. However, the scope of the competencies’ exploration within this project, is
narrowed down to only 4D BIM related competencies. Therefore, the framework by Succar et al. (2013)
has been adapted by the researcher and an alternative conceptual version has been proposed to make it
suitable for the 4D BIM competencies exploration. Specifically, due to the fact that 4D BIM has been
considered a process that includes but requires more than just execution, software-related competencies,
the exploration of the competencies required for 4D BIM has been focused on the domain tier, as
described by Succar et al. (2013).

Additionally, a need has been identified, for the development of a systematic training for professionals
in the construction sector, regarding 4D BIM, and the corresponding software and process related
competencies. The development of individual competencies of the employees has been recognised as
one of the ways for achieving organisational competency (Succar et al., 2013). For accelerating BIM
adoption it has been recommended for companies to collaborate with professional providers or academia
in order to develop upskilling courses, either on the job or in the classroom (World Economic Forum, 2018).
However, the existing trainings for 4D BIM have been significantly overlooking the above-mentioned
process aspect of 4D BIM as they have been developed mainly by the software providers and therefore,
they focus particularly on the software skills. Furthermore, although there are previous research studies
regarding the development of complete BIM training curriculums (Abdirad and Dossick, 2016; Barison and
Santos, 2014; Puolitaival and Forsythe, 2016; Succar et al., 2013), these have been only addressing 4D
BIM in an introductory level or as a “good to know” visualisation technique. Nonetheless, most of that
research for BIM trainings, has been developed with the aim to assist academic education, which differs

YICT: Information Communication Technologies
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significantly from practitioner’s education.

This study aims to propose a professionals’ training curriculum for acquiring both software and process
related competencies for 4D BIM in order to build organisational competency and consequently contribute
to successful 4D BIM implementation in engineering consulting firms. This project builds on previous
work regarding BIM competencies assessment, acquisition and application (Succar et al., 2013) and
extends it by proposing a detailed 4D BIM competencies framework. An extensive listing of 4D BIM
competencies has been created with the input of professionals working in the 4D BIM process. Based on
it, a systematic and holistic training approach has been proposed for acquiring the identified
competencies.

The main research objective of this study is to design a training curriculum for acquiring both software
and process related competencies for implementing 4D BIM in construction consulting firms. Within this
objective, there are two main research questions that will be answered: (1) Which are the specific 4D
BIM competencies that practitioners need for successful 4D BIM implementation? (2) Which should be
the features (modules, learning and assessment method) of an on-the-job training for acquiring 4D BIM
competencies?

Structure of the report

Chapter 2 presents the overall methodology and the study setting and the methodological steps in each
of the different phases of this project. Chapter 3 presents the results of the competencies exploration and
the detailed design of the training and Chapter 4 presents the results of the validation. Chapter 5 includes
a discussion of the results. Finally, chapters 6 and 7 analyse the limitations of this study and summarise
some concluding remarks.
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METHODOLOGY

In order to approach the above-mentioned research objective, a design research methodology has been
followed. Specifically, the Integrative Learning Design (ILD) approach, developed by Bannan-Ritland
(2007), has been applied. The ILD framework differs from any traditional design research methodology
since it does not focus specifically on answering questions about how the technology could be improved.
The main aim of an ILD research is to emphasize on generating knowledge about cognition, context and
culture of use of the technology through the design process of a training curriculum (Bannan-Ritland,
2007). Therefore, ILD can be considered a suitable approach in the context of this study, that has the aim
to design a training for professionals, that covers 4D BIM competencies that have been revealed through
the design process itself.

The ILD framework consists of multiple phases and cycles of integrated research and design. Through
these cycles knowledge is generated about factors related to learning, context, culture and technology
that influence the design process (Bannan-Ritland, 2007). Within the scope of this project, three discrete
phases have been covered: an informed exploration of the 4D BIM competencies, an enactment of these
competencies into a curriculum design and an evaluation of the overall design (Figure 1). The research
integrates exploratory, construction and empirical methods and it consists of at least one complete design
cycle. The method for collecting, analysing data and making design choices based on the results, is
described in more detail in each the following sub-chapters.

I. Informed Exploration L Compare literature exploring BIM competencies
v

Develop a 4D BIM competency sets framework
based on the comparative analysis of existing literature
v

Whicheareihesnseific A BN campeiancies that orafiibnacs Run a workshop with 4D BIM practicioners to validate the framework and

need for successful 4D BIM implementation?

reach consensus on which are the specific 4D BIM comptetencies
v

Develop a list of competencies

Research Question I: [
[ classified in competency sets and clustered in competency topics

§

Il. Enactment

Research Question II: — — : T — :
Which should be the features (modules. learnina and Design the training curriculum modules for acquiring 4D BIM competencies
ssment method) of an on-the-job training for acquiring 4D \_according to the identified learning odjectives and goals

Design learning objectives and goals for a 4D-BIM training curriculum

(

as

BIM competencies?

(

Interview professionals regarding the relevance and validity of the proposed
curriculum as a whole

Figure 1. Detailed methodology

10
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Study Setting

As it has already been discussed, when it comes to the successful implementation of the 4D BIM
process, the problem of bridging the skills gap should not only be examined in an inter-organisational
level but also in an inter-organisational level. This study focuses on building 4D- BIM competency in an
intra-organisational level, due to the potential this could have for solving inter-organisational challenges
of 4D BIM implementation at the same time. Companies that have already realised the value of 4D BIM
and act as early adopters have benefits by the development of 4D BIM competency. Firstly, they can
ensure competitive advantage within the construction market, for providing high quality digital project
management services, when at the same time they can maintain flexibility to work with partners who are
not familiar with 4D BIM yet. Secondly, acquiring solid 4D BIM competency, can bring the company to a
power position taking the lead and envision, coach or educate partners and suppliers regarding the
adoption of 4D BIM in future projects.

Count&Cooper Consulting bv, has been used as a study setting, where the 4D BIM competencies have
been explored and a training has been developed for acquiring them. Count & Cooper is a company with
about 35 employees, providing services for winning tenders and realizing successfully large-scale
infrastructure projects (megaprojects). When it comes to the realization of megaprojects, these are
characterized by a wide scope and a high-risk profile. The mission of the company is to ensure on time
and within budget delivery of the projects, advancing the use of 4D BIM applications. Count&Cooper
projects are fully developed virtually before the work starts on site. The aim of the company is to develop
a complete and accurate 4D BIM (model) for every project, in order to maximise the benefits of 4D BIM
for:

minimizing risks by discovering early mistakes before the construction starts

making realistic estimations regarding tasks duration, cost and risk, based on model data
making the construction schedule tangible and optimising decision making

improving communication and minimizing the room for interpretation of the planning among
internal or external parties (both during the design and the construction phase)

The company acts as an early adopter of 4D BIM, therefore all the current company projects have been
developed in 4D BIM. As a construction consultancy, the role of the company within project coalitions is
to provide services that cannot be covered by the in-house capabilities of the rest of the project partners.
Development of the digital construction, part of which is 4D BIM, is one of these knowledge and expertise
gaps that the company fills in. However, at the same time 4D BIM can only be developed based on the
information that is provided by other partners (designers, contractors and subcontractors). Consequently,
it becomes clear that the role of Count&Cooper within project coalitions is very dynamic and requires
continuous interaction along the process of 4D BIM.

11
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Methodology for informed exploration

During the first phase of the informed exploration, four discrete steps (Figure 2) have been followed to
approach an answer to the first research question: “Which are the specific 4D BIM competencies that
practitioners need for successful 4D BIM implementation?” The first two steps were a theoretical
exploration during which relevant literature was reviewed and a theoretical framework for the 4D BIM
competencies has been developed. The theoretical framework was then validated through a 4D BIM
competencies exploration workshop with practitioners. Based on the input of the professionals during the
workshop, a detailed list of competencies classified in competency topics has been created as the final
deliverable of this phase.

I. Informed Exploration Compare literature exploring BIM competencies

N

Develop a 4D BIM competency sets framework

based on the comparative analysis of existing literature
-

— \ A N N

Research Question I:
Which are the specific 4D BIM competencies that practitioners
need for successful 4D BIM implementation?

reach consensus on which are the specific 4D BIM comptetencies
\/

Develop a list of competencies

[ Run a workshop with 4D BIM practicioners to validate the framework and
L classified in competency sets and clustered in competency topics

-

Figure 2. Phase I: Informed exploration

1.1.1  Theoretical exploration

Literature review

Initially, four different studies, exploring BIM competencies, have been compared in terms of the
targeted BIM user group, the sources of the competencies, the focus of the competencies’ identification
(overall / specific role / specific skills) and the structure of the classification categories. These studies
had the significantly broader scope of BIM competencies identification and they are barely referring to
specific 4D BIM competencies. However, they have been considered sufficiently suitable for setting a
conceptual framework for exploring 4D BIM competencies. The conceptual framework adopts the level
of competency sets from the BIM competencies identification and has been adapted to assist a more
focused exploration of 4D BIM competencies. The main results from the literature review have been
summarised in the table below (Table 1).

12



Table 1. Literature comparison
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Framework for Evaluating the
BIM Competencies of Building

Soft skills requirements in a BIM

An integrated approach to BIM
competency assessment, acquisition and

The Competencies of BIM Specialists:
A Comparative Analysis of the

Parameter project team L Literature Review and Job Ad
Owners (Davies etal., 2015) application Descriptions
(Giel and Issa, 2015) (Succar et al., 2013) (Barison and Santas, 2011)
Year of research 2015 2015 2013 201
Targeted BIM user group  Facility owners BIM Project Teams BIM individuals within project teams BIM Managers in AEC
L . Job Advertisement Descriptions, Documents
Academic Literature Review 27 Job Ads

Sources of competencies
Focus of identification

Competency
Tiers

Competency
Sets

Competency
Topics

Classification of competencies

Competency
Items

Number of Topics
Number of Competencies

Specific 4D BIM
competency items

Delphi Expert Panel

Relevant for Facility Management

Operational Competencies
Strategic Competencies
Administrative
Competencies

(for each set)

Such as: BIM Deliverable Evaluation -
Data Richness, BIM Deliverable
Evaluation - Geometry,
Documentation, Project Procedures
etc.

(for each topic)

14 BIM Competency Topics
59 BIM Competency ltems

Interviews with 45 BIM Specialists

Soft Skills

e  Soft Skills
e  BIM Technical Skills
e  Discipline Specific Skills

(for soft skills only:)
e  Communication
e Negotiation and conflict

management
e  Authority and leadership
o Attitude

(for each topic)

4 BIM Competency Topics
5-6 Mentioned (not listed)

describing BIM-Roles, Academic Literature,
Formal Skill Inventories, Interviews with Experts
Overall BIM Competencies

e  Core Competencies
e  Domain Competencies
e  Execution Competencies

Technical
Operation
Functional
Implementation
Administration
Supportive
Research and Development

e  Managerial
(for each set)
Such as: Documentation and detailing,
Capturing and Representing, Collaboration,
Standardization templates Risk Management,
General IT Support, Change Management,
Leadership etc.

(for each topic)

55 Competency Topics

55 Competency ltems

Presentation and Animation: Generate
professional-quality renderings or 3D
animations using Specialized Software Tools;
Simulating and Quantifying: Use software tools
to conduct various types of model-based
simulations and estimations

24 Academic Literature Articles

Overall BIM Competencies

Aptitudes
Education

Skills and abilities
Experience
Attitudes

(for each topic)

5 Competency Topics
57 Competency ltems

Skills and abilities: Using scheduling tools,
clash detection, 4D simulation, logistics,
safety planning

13



As it can be noticed in Table 1 the amount of studies that have been carried out on the topic of BIM
competencies is relatively limited. The most elaborate analysis has been performed by Succar et al.,
(2013) and it includes the identification of 55 competency items classified in competency sets and topics.
What is interesting to mention, is that from the four studies, only two (Barison and Santos, 2011; Succar
et al., 2013) have approached the topic of BIM competencies in a holistic way. These are the only two
studies that have been exploring competencies of employees working with BIM in all the three aspects
of knowledge, skills and competency traits. The study by Giel and Issa (2015) is targeted on competencies
relevant for facility owners and the study by Davies, McMeel and Wilkinson (2015) is only exploring soft
skill requirements for BIM project teams. The study by Succar et al. (2013) uses several means for the
identification of these competencies while Barison and Santos (2011) are listing only competencies that
could be found in job descriptions and academic articles.

Only two of the studies mention competencies specifically related to 4D BIM, and these are described
in a rather general statement. For example Succar et al. (2013) under the competency topic of
“Presentation and animation” mention as a competency item: “Generate professional-quality renderings
or 3D animations using Specialized Software Tools”. This description does not mention specifically 4D
BIM besides the fact that 4D BIM can probably be considered as a “Specialised Software Tool”. At the
same time, Barison and Santos {2011}, under the term of skills and abilities mention the competency of
a 4D simulation. This is way more specific description and it clearly indicates one of the specific 4D BIM
tasks.

However, not all studies have been classifying BIM competencies in a similar comprehensive way. The
development of a competency classification framework for 4D BIM, has been important towards the next
step of the 4D BIM competencies exploration. The classification framework of (Succar et al., 2013) has
been considered the most complete and extensive one. It includes four levels of classification in which
the competency items can be found under competency topics, competency sets and tiers (from bottom to
top). As it can be observed in Table 1 the identification of the competencies in the other three studies
can fall under the same levels proposed by Succar et al. {2013). However, the identified elements in the
other three studies only cover partly the levels of competency sets and topics and non-of them mention
competency tiers. Therefore, the classification framework introduced by Succar et al. (2013) has also
been used for the exploration of the 4D BIM competencies in this project after it has been adapted to
address the more narrow scope of 4D BIM competencies.

14



@G. Papanikolaou

Theoretical competencies framework

The framework of Succar et al. (2013), uses three competency tiers: core, domain and execution. The
core competency tier refers to the personal abilities of individuals that enable them to perform a task or
activity (speciality, overall experience, market exposure, and project experience). The domain competency
tier refers to the specific professional abilities of individuals for delivering complex outcomes. Lastly, the
execution competency tier refers to specific tools and techniques that individuals use to deliver their
work. Within the domain tier there are 8 competency sets. Four primary competency sets: technical,
functional, supportive, managerial and four secondary competency sets that appear on the overlapping

of the core sets (Figure 3).

Dperation

Technical Functional

|
=

Administration

2

I
Suppartive Managerial

Figure 3. Domain competency tier [Redesigned: Succar, Sher, and Williams 2013]

1.1.2  Conceptual 4D BIM competencies framework

The above eight competency sets, by the definition of Succar, Sher, and Williams (2013), refer to BIM
competencies only. However, they have been adapted by the researcher to assist a more focused
exploration of 4D BIM competencies. The adapted description for each of the competency sets can be
found in the Table 2. This has been the conceptual framework used for the classification of the 4D BIM
competencies that have been identified during the next step of this project. By the end of the exploration
phase, the conceptual framework has been validated in order to define up to which extend these
competency sets can be used not only for identifying BIM competencies but also more specific 4D BIM
competencies.
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Table 2. Conceptual Framework: Domain Competency Sets for 4D BIM
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Icon

[

Technical

iy

Competency Set

Description

Example

Technical

individual abilities needed to generate 4D BIM project
deliverables across disciplines and specialties

daily, hands-on individual efforts required to deliver a

4D BIM software
related abilities

project-based use of

Operation . o the 4D BIM software
ﬁ project or part/aspect of a project in 4D BIM OUTCOMES
non-technical, overall abilities needed to initiate,
. . . ; : non-software related
% Functional manage and deliver projects with the requirement for

Functional

4D BIM

activities required to introduce transformative 4D BIM

abilities and soft skills

knowledge sharing

Implementation ) S
plementatio concepts and tools into an organization abilities

organizational and

day-to-day organizational 4D BIM activities as required documentation

[ ] Administration

— to meet and maintain strategic objectives oo

[ [ [] abilities
Hnton abilities needed to maintain information and

& Supportive communication technology {ICT) systems supporting 4D IT abilities
%‘4 BIM

Rl abilities needed to evaluate existing 4D BIM

Research &
Development

processes, investigate new solutions and facilitate
their adoption - within the organization or by the larger
industry

decision-making abilities which drive the

Managerial selection/adoption of long-term strategies and

Managera initiatives regarding 4D BIM

new applications of
4D BIM

leadership and
partnering abilities

1.1.3  Practical exploration

After the theoretical exploration, a practical exploration of the individual competencies was necessary.
In a workshop with 4D BIM professionals, the required 4D BIM competencies were revealed and the
conceptual framework was also validated.

The workshop was inspired by the “DesignlLab co-creation toolkit” that is based on an empirical method
(namely: “ScienceZ2Design4Society”) {(Kresin and Karreman, 2017) that enhances multidisciplinary
collaboration. The method is focused on the relationships between the technology and the society and
the way these can be managed or improved (Kresin and Karreman, 2017). A workshop based on this
empirical method, can be applied in every step of the design process and in this case, it was used during
the exploration phase with the aim to reveal the solution space. Although a brainstorming workshop set-
up has been used, participants were asked not to come up with new ideas but to reflect on their personal
experience and provide examples from past projects regarding the given questions. The workshop lasted
90 min in total and it had two parts with a 5 min break in between. It took place in the practitioners’
office, within their normal working hours. The detailed workshop protocol can be found in Appendix Il. 4D
BIM competencies exploration workshop.

The goal of the workshop was to assist workshop participants, identify 4D BIM competences and roles.
For that reason, the techniques used during the workshop are similar, to the ones used in ethnographic
research and aim to help practitioners recall and reflect on their experience instead of creating new ideas.
In each of the two workshop phases a different question was introduced to the participants. The first
question was: “Which are the roles that 40 planners should fulfil within the 40 BIM process in order to
respond to their everyday tasks?”. It can be described as a “mini-tour” question (Gee and Ullman, 1998),
as participants were asked to give a general overview and describe their experience through the 4D BIM
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process based on a 4D BIM process flowchart. The 4D BIM process flowchart (Appendix . 4D BIM process
flowchart) has also been developed within the scope of this project and it maps the steps of the 4D BIM
process within the different company projects. The development of the flowchart has been based on
observations during day-to-day tasks, participation in meetings and one-to-one discussions with the
company employees. The second question was: “Which are the specific competencies that a 4D planner
needs in order to overcome challenges or ensure a smoother process?”. This can be characterised as an
“example question” (Gee and Ullman, 1998) because during the group discussion, participants were
encouraged to recall and provide tangible examples from previous or current projects when explaining
the competencies.

To analyse the sample of participants, a short questionnaire has been created and distributed
electronically (Microsoft Forms) prior to the workshop. The questionnaire was not serving only as a data
collection tool for analysing the profile of the workshop participants but also as a preparatory step for the
participants of the workshop (Isaksen, 2005). The answers to these open questions, have been used as a
preparatory step to help participants relate with the topic of interest and recall some personal examples
that they would share during the workshop. At the same time the input regarding challenges with 4D BIM
has also been used to derive related competencies that may have not been revealed during the workshop.

The sample of the participants for the workshop, has been a diverse mix of 9 company employees from
different disciplines, working in various company projects. The level of 4D BIM competency for each of
them is different {not all the participants had hands on experience in 4D BIM models) but all of them have
been involved in projects on which 4D BIM has been used. Therefore, they were able to share their
experience regarding the part of the 4D BIM process that they have been involved. The analysis of the
sample of participants is presented on the Table 3.

Table 3. Sample of participants for the 4D BIM competencies workshop

N Frequency %

Gender 9

Male 6 67%

Female 3 33%
Discipline 9

Marketing 1 11%

Construction Management & Engineering 5 56%

General project management 2 22%

Civil engineering 1 11%
Job level 9

Upper management (strategy responsibility) 0 0%

Middle management (tactical responsibility) 3 33%

Lower management (Day to day running) 6 67%
Previous 4D BIM experience 9

One project 4 100%

Two projects 1 56%

Three projects 3 44%

Four projects 1 1%
Phase of 4D BIM projects working on currently 9

In tendering 5 56%

Under construction 6 67%
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In the workshop participated company employees that were not all highly experienced with the 4D BIM
software themselves, but they were involved in the 4D BIM process before. They have been involved
because if the intention of the researcher to identify skills required for the interaction among different
specialists during the 4D BIM process as a whole, and beyond the software tool related skills.
Specifically, the parts of the process that require interaction among different internal or external parties.
Additionally, the formulation of multidisciplinary teams, was aiming to assist participants to reach
consensus regarding the boundary conditions of the question and also to provide insights regarding the
way their team produces knowledge and interacts in the working environment {Adams, Mann, Jordan and
Daly, 2009). The above insights have been used indirectly, as input for designing a training that would fit
in the company mindset.

1.1.4  Competencies listing

During the workshop, the participants” input was collected in post-it notes and different canvases for
each team and each phase of the workshop. At the same time the session was being recorded in order
to give the possibility to retrieve extra information from the group discussions during the results
documentation. The conversations have not been transcribed but they have been used to enrich the
workshop results that were documented in the form of structured minutes taken by the researcher. The
same process has been followed for some extra individual meetings that were necessary before and after
the workshop session with the managers and the planners that were not able to join the group session.
Furthermore, the results of the questionnaires were also documented in the form of a report in order to
be able to use the input retrieved with the open-ended questions.

For the analysis of the results the software Atlas.ti has been used, in which all the result-related
documents from the practical exploration were imported, and every quote was coded with one of the
codes: 4D BIM roles or 4D BIM competencies. Under each of these codes, sub-codes were added for the
main roles identified during the workshop and for each of the competency sets of the theoretical
framework. It was necessary to remove redundant results and re-allocate them in sub-codes. During the
workshop some competencies were initially identified as part of different competency sets than the ones,
they belong to due to the limited time that participants had for classifying them. Lastly, it was necessary
to re-write some of the competency items in a way that similar quotes could be combined under a single
competency definition. In this way it was also made possible to reformulate some competency items in
statements that continue the sentence: “The 4D BIM practitioners should have the ability to...” in order
to ensure a coherency in the 4D BIM competencies listing.
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1.2 Methodology for enactment

During the second, enactment phase, the competencies that were identified in the previous phase have
been used to design a 4D BIM training curriculum for professionals. During this phase three steps of
action upon the previous results have been made (Figure 4) in order to an answer to the second research
question: “Which should be the features (modules, learning and assessment method) of an on-the-job
training for acquiring 4D BIM competencies?”. The first step was to define the learning objectives and
organise them into modules that would help practitioners to acquire the 4D BIM competencies. The
modules and the learning objectives were internally discussed with the company management, and
training methods that have been used in the past were explored. The next step was to design each of the
training modules in detail. Previous research regarding the methodology for developing a training
curriculum and for evaluating the training outcomes has been studied in order to proceed with the detailed
design of the training. The last step was a Group A/B testing for selecting the most appropriate
instructional method.

1.2.1  Preliminary design

The competencies listing, as a result from the previous phase, has been the basis for developing

Research Question Il - SN~ -
Ahict b Bt — Design the training curriculum modules for acquiring 4D BIM competencies
according to the identified learning odjectives and goals

Design learning objectives and goals for a 4D-BIM training curriculum

Figure 4. Phase II: Enactment

learning objectives. Each of the identified competency items has been considered a learning objective
since it was not possible to be further broken-down in smaller leamning outcomes. Also, only one
competency item has been addressed under each learning objective to ensure that the learning outcomes
could be evaluated in a binary way: achieved / not achieved. However, several learning objectives have
been combined under the single learning goal of each module.

Each of the learning goals has been addressed in a different module of the training curriculum. The
modules in total have been organised in a sequence of increased complexity. To achieve this all the
learning goals have been categorised in three meta-levels (Table 4), as these are described in the
application of Boom’s taxonomy in computer science learning objectives (Starr, Manaris and Stalvey,
2008). According to Starr et al. (2008) there are three meta levels that can be identified in this adjusted
bloom’s taxonomy. The beginner's level emphasises memorisation and basic understanding, the
intermediate level focuses on the use of the process and on the development of competencies related to
the application and the expert level aims to design / create of new knowledge or criticising the current
approach. Based on the three meta-levels the learning goals for each of the modules have been organised
in three different levels of 4D BIM competency. The main learning tasks in each of the modules have
been designed in order to address the corresponding tasks of “produce” and explain” of the specific level.
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Table 4. Meta-level structure by Starr et al., (2008)

Meta-level Produce Explain Aim

Beginner Recall Comprehension Memorization and basic understanding
Intermediate Application Analysis Use or competent application

Expert Synthesis Evaluation Design or creation and critique

The preliminary design that occurred from the above step (learning objectives — goals — modules -
levels) has gone through one more design iteration, during which the company management (Digital
Construction Manager and Human Resources Manager) reviewed it in terms of clarity and completeness
and proposed improvements. At the same time similar competencies trained in the past among the
company employees were identified and the training methods that have been previously used. A pre-
existing, in-house training for new employees has been reviewed and assessed by the researcher
regarding its 4D BIM readiness in order to derive insights for the detailed design. The proposal of the
new training has been aligned with the existing in-house training program of the company for new
employees so that the results can be easily and directly applicable.

1.2.2  Detailed design

The detailed design of the training curriculum was aiming to a holistic approach that avoids
compartmentalization and fragmentation of the learning and ensures higher transfer of knowledge. In
order to meet these three requirements, the four-component instructional design {4D-ID) approach
(Kirschner and van Merriénboer, 2008), has been followed. Within this approach, four components are
described as necessary for the design of a training curriculum: learning tasks, supportive information,
procedural information and part-task practise. The characteristics of each component can be found on
Table 5. Each of the four components has been included in the detailed design of the modules.

Table 5. Blueprint components of the 4D-ID approach (Kirschner and van Merriénboer, 2008)

Blueprint components of 4C - ID

e aim at integration of {(nonrecurrent and recurrent) skills, knowledge, and
attitudes

e  provide authentic, whole-task experiences based on real-life tasks

e are organized in easy-to-difficult task classes

e have diminishing support in each task class {scaffolding)

e show high variability of practice

Learning Tasks

e supports the learning and performance of nonrecurrent aspects of learning tasks

e explains how to approach problems in a domain {cognitive strategies) and how
this domain is organized {(mental models)

e s specified per task class and always available to the learners

Supportive Information

e s prerequisite to the learning and performance of recurrent aspects of learning
tasks (or, practice items)

e  precisely specifies how to perform routine aspects of the task, e.g., through step-
by-step instruction

e s presented just in time during the work on the learning tasks and quickly fades
away as learners acquire more expertise

e  provides additional practice for selected recurrent aspects in order to reach a
very high level of automaticity

Part-Task Practice e provides a huge amount of repetition

o only starts after the recurrent aspect has been introduced in the context of the
whole task {i.e., in a fruitful cognitive context)

Procedural Information
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The first of the four components in this approach is the formulation of learning tasks. All learning
objectives have been classified in categories and learning constructs (Table 6), to ensure that it would be
possible to create learning tasks that approach competencies in an integrated and holistic way. According
to the classification scheme proposed by Kraiger, Ford and Salas (1993), there are thirteen different
learning constructs that help to identify not only the type of the learning objectives (specific knowledge,
compilation or automaticity skills, attitudinal or motivation abilities) but also the mechanisms that can be
appropriate for facilitating the learning process for each objective. The learning objectives used under
each of the proposed learning goals, are from more than one competency sets and they correspond to
different learning constructs. Therefore, it was possible to design learning tasks that integrate
declarative, procedural and affective learning and they simulate real life conditions.

After the formulation of the learning tasks, it was necessary to set the performance objectives for each
leaning task. As it has already been mentioned, the learning objectives were classified in learning
constructs. In that way the type of the expected learning outcomes for each learning objective was
specified. The learning outcomes were firstly categorised as cognitive, skill-based or affective and then
the focus of the outcome measurement has been specified for each of them (Kraiger et al., 1993). It was
then necessary to select from the potential evaluation methods the most suitable for each of the learning
objectives. This process of selecting the appropriate assessment methods, has been done during the
detailed design of the training in order to ensure that the assessment would fit the design of the specific
learning task.

Table 6. Classification scheme for learning outcomes for training evaluation (Kraiger et al., 1993)

Category Learning Construct(s)
Verbal knowledge Declarative knowledge
Knowledge organization Mental models Cognitive Qutcomes
Cognitive strategies selfinsight
Metacognitive skills
- Composition
Compilation Proceduralization
_ _ Skill-based Outcomes
e Autgmanc processing
Tuning
Attitudinal Target object
Attitude strength
Motivational disposition Affective Outcomes
Motivation Self-efficacy
Goal setting

Supportive information has been designed based on the specific learning goals of each module. In some
of the modules the supportive information covers partly some of the learning objectives of the module,
the ones that are related to theoretical knowledge. Procedural information, within the scope of this
project cover both information regarding the software use but also information regarding the 4D BIM
process. Procedural information regarding the software, has been designed by rearranging the
information that can be found in the software manuals and trainings provided by the software supplier.
Procedural information regarding the 4D BIM process has been derived from the experience of
professionals and it has been designed to be provided during the training in presentations and short
workshops, during which participants try out the new working process.
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At last, one of the most important components oh the proposed design is the part-task practice. Part-
task practice has been designed as a component in each of the training sessions by the design of different
assignments that correspond to the different learning tasks. Moreover, after the completion of each
training session an on the job assignment has been designed in which participants have the time to
practice and repeat the acquired competencies to achieve a higher level of automacity.

1.3 Methodology for validation

As the last phase of this research there is an attempt to evaluate the proposed design and propose
improvements to be considered in future implementation of this training curriculum. This phase was
aiming to evaluate to what extent is the proposed design valid and relevant. The ideal way to approach
this research question would be to implement the training and measure the results. However, this
evaluation process requires significant amount of time especially when we are talking about a training
curriculum and not a single course. As an alternative an interview approach was selected. Different
professionals, experienced in 4D BIM or in the development of professional trainings, were asked to
provide their feedback on the detailed curriculum design in terms of perceived validity and relevance.

1.3.1 Validation Interviews

Interview professionals regarding the relevance and validity of the proposed
curriculum as a whole

Figure 5. Phase Ill: Evaluation of the local impact

The detailed design of the training has been validated with the assistance of six professionals. The
overall design of the training curriculum was presented to professionals with expertise either in 4D BIM
or in BIM related software training. The goal of the series of interviews was to validate to what extent
the design of the on-the-job training curriculum, is relevant and valid for practitioners in the construction
sector that are recently involved in the 4D BIM process. Therefore, practitioners were asked to provide
their feedback on two main questions:

1. To what extent do the proposed learning objectives and modules reflect needs of professionals
working with 4D BIM?

2. Towhat extent could the proposed features (modules, learning and evaluation method) assist
the practitioners acquire and apply the above competencies in a company project after the
completion of each module?

Semi-structured interviews have been used for the collection of data, during this validation part of the
design. An interview guide has been developed (Appendix V. Evaluation interview protocol) but it was
only including the basic open-ended questions to be used as topics to be covered during the interview.
The guide was not followed to the letter and different follow-up questions have been used based on the
informant responses. The participants were interviewed in their own office and the interviews have been
recorded. The interviews have not been precisely transcribed, but minutes have been kept by the
researcher after the interview and based on the recording. Due to the degree of the structure, the resulted
text of each semi-structured interview was a collaboration of the interviewer and the informant (Ayres,
2012).

The duration of the interviews was restricted to one hour due to limited availability of the participants.
It was significantly challenging to ensure that the participants would be able to coherently understand
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the detailed design of the training in order to be able to provide their feedback within an hour. Therefore,
each participant received as an input the complete list of competencies, the overall training design and
the detailed design for only three of the training modules (one from each level). Different participants
received different modules to ensure that all the modules have been validated. The supportive material
and the leading interview questions was shared with the participants prior to the interview.

Participants in the interviews have been selected based on their expertise in BIM software training or
their experience in coordination of 4D BIM projects within their organization. In total six professionals
participated in the interviews. Two of them were training experts (Participants No 5 and No 10) and four
of them were responsible 4D BIM managers within their organization (Participants 1,2,3 and 4). The
participants should have at least 4 years of experience on their field, they should have worked in at least
3 projects with 4D BIM (excl. the training experts) and have some hands-on experience in 4D BIM
software themselves. Unfortunately, the sample of participants had only men representatives as it has
been significantly difficult to find women representatives within the available time. All the details
regarding the sample of participants can be found in the table below (Table 7).

Table 7. Sample of participants in the validation interviews

N Frequency % Min Max Mean SD

Gender 6
Male 6 100%
Female 0 0%
Age 6 26 52 35,2 8,5
Level of Education
Vocational Education 1 17%
University of Applied Sciences BSc 4 67%
University MSc 1 17%
Job Function 6
Technical Specialist 4 67%
Management Professional 2 33%
Company size 6
Small {1-49) 1 17%
Medium ({50-249) 3 50%
Large (250+) 2 33%
Years of experience 6 4 30 10,2 8,7
Expertise 6
4D BIM Coordination in Projects 4 67%
Training Expert 2 33%

The interview notes were coded by using the software Atlas.ti, and the different quotations were
categorized in three main topics of the interview discussion: comments related to validly, comments
related to relevance and general comments. For each of the topics a list of quotations was prepared, from
which the main result topics have been derived.
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RESULTS

1.4 Results of informed exploration

The outcome of the exploration phase was an extensive listing of ninety-three (93) individual domain
competencies related to the 4D BIM process. Eighty-seven (87) of these competency items, that have
been identified from the data collected during the practitioners’ workshop, were successfully categorized
under six out of the eight competency sets of the conceptual framework, as domain competencies.
However, six of the competencies that came up during the workshop were broader and not related only
to the 4D BIM process itself. These include some foundational traits in the topics of: time management,
digital affinity, problem solving aptitude, effective teamwork; and one situational enabler: creativity.
Therefore, these competencies have been better categorized as core competencies instead of domain
competencies. The core competencies have not been analyzed further as they were out of the scope of
this study. After selecting the relevant competencies, the 4D BIM competencies framework had eighty-
seven (87) domain competencies. The extensive list of the domain competencies classified under
competency sets and competency topics can be found in Appendix Ill. Competencies list.

All the identified domain competencies have been classified (Table 8) under the two primary
competency sets of technical and functional competencies and all the four secondary competency sets of
operation, implementation, administration and research and development. However, there are no
competencies identified related to 4D BIM, under the competency sets of Supportive and Managerial
competencies. This observation can be explained because 4D BIM is part of the general BIM process of
organizations and is not currently a separate core activity. This has also been confirmed during by
professionals in different firms during the validation phase (see: chapter 4.1.1 last paragraph). Therefore,
long-term strategy and decision-making regarding 4D BIM is usually addressed within the BIM strategy
and initiatives. The same goes for the supportive competencies. Abilities to maintain and support
information and communication technology systems are necessary anyway within the BIM processes of
a firm, therefore it wouldn't be reasonable to be defined separately for 4D BIM. That is also the reason
why these categories have been removed in the final 4D BIM competency framework.

Although no managerial or supportive competencies have been identified by the practitioners within
the 4D BIM framework, some competencies have been recognized in the research and development
overlap of these two competency sets (such as: write simple code lines, explore new concepts and
innovative ideas regarding 4D BIM implementation). In this case, the research and development
competencies of 4D BIM, can be considered as the overlap of the supportive BIM competencies (writing
simple code lines for 4D BIM purposes) and managerial BIM competencies (explore new concepts and
innovative ideas for 4D BIM) with the 4D BIM process. They provide a direction for the general BIM
research and development competencies towards 4D BIM.

The identified competencies have also been organized in twenty-five different topics (Table 8) to cluster
similar competencies and organize them in common learning themes. The competency topics for 4D BIM
are not the same with the competency topics for BIM {introduced by Succar et al. {2013). Each of the 4D
BIM competency topics includes more than one competency items and several competency topics can be
found under the same set. The competency topics have not been used to formulate the learning goals,
(during the next step) to avoid as it has been explained, compartmentalization and fragmentation of the
training curriculum. Therefore, competencies of one competency topic can be found within different
learning goals in the final design of the training.
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Tier

Domain Competencies

Set

Technical*

Operation

Functional*

Administration

Supportive*

Research &
Development

Managerial*

Topic

Item (examples)

Software data import / export
3D Design Software
Basic 4D BIM Software Use

Advanced 4D BIM Software Use

Data evaluation and processing (Input)

Model output use

Construction engineering basics

Project planning

Construction monitoring
Model updating

Validation and verification
Interdisciplinary collaboration
Effective communication
Data visualization

Working flexibility
Standardization

Knowledge sharing

Coaching

Initial agreements
Process management
Information mining

Balance effort and impact

Such as: Export schedule from different software

Such as: Draw simple 3D elements and polyline paths in
various 3D software

Such as: Use 3D model user fields for smart filtering

Such as: Create 3D paths in 4D BIM Software

Such as: Understand the 3D elements in the model and
request clarifications

Such as: Use 4D BIModel during meetings to provide
information

Such as: Identify the steps and the logical sequence of the
construction

Such as: Organize sessions to acquire more information
from multiple specialists

Such as: Keep track of the progress and time constraints
Such as: Access and use a changes management platform

Such as: Facilitate and guide the validation meetings
Such as: Set and coordinate a network of different
specialists

Such as: Understand the technical terminology and jargon
Such as: Translate data into workable information
(presenting)

Such as: Find out alternative solutions when there is lack of
information

Standardize the way of working and prepare templates
Such as: Create manuals, roadmaps and flowcharts for 4D
BIM

Explain the way of working and coach new colleagues
Such as: Analyze the contract and develop a 4D BIM
requirements list

Such as: Make agreements of the information exchange
and format

Such as: Understand the project hierarchy

Such as: Evaluate the need and the effort for updating the
model

Broader BIM Set - Could not be identified for specific 4D BIM competencies

General research and development

Continuous learning

Scripting

Such as: Find out ways to optimize the way of working with
4D BIM

Adopt and learn from scratch new digital tools

Write simple code lines / Know a programming language

Broader BIM Set - Could not be identified for specific 4D BIM competencies

* Primary BIM competency sets according to Succar et al. (2013)
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As a secondary result of this phase and as a conclusion after the validation of the conceptual
framework, the adapted 4D BIM competencies framework can be found in Figure 6. It includes only six
out of the eight competency sets that have been described in the initial conceptual framewaork, as it has
not been possible to identify competencies in the managerial and supportive competency sets. Also, the
description of each set has been adapted to target specifically 4D BIM competencies.

Technical % Operation % Functional

Daily, hands-on individual Non-technical, overall
efforts required to deliver abilities needed to
a project or part/aspect initiate, manage and
of a project in 40 BIM deliver projects with the
requirement for 40 BIM

Individual ahilities needed
to generate 40 BIM
project deliverables

-@- R&D ;'-:. Administration
Abilities needed to Day-to-day organizational
evaluate existing 40 BIM 40 BIM activities as
processes, investigate required to meet and
new solutions and maintain strategic
facilitate their adoption objectives

Figure 6. 4D BIM competency sets framework (Adapted from Succar et al., 2013 )

1.5 Results of enactment

As a result of the enactment phase, the detailed design can be found in the Appendix V. Detailed
design on the training. The detailed design addresses all the 87 identified competencies resulted from
the informed exploration phase.

1.5.1  Three levels of 4D BIM development

The overall training curriculum has been constructed of three different levels of 4D BIM competency.

4D BIM

4D BIM Consultants
Certified

4D BIM Analysts
Beginners

Figure 7. Three levels of 4D BIM development

Each level has been designed as a form of certification that ensures consistency in the way that the
trained participants can work with 4D BIM. The levels have been aligned with the roles of a 4D BIM
planner within a construction consultancy firm: beginner — analyst — consultant. The roles are mainly
related to the focus of the daily job requirements. Usually people in the starting level are mainly oriented
in performing and executing specific tasks and therefore the goal of the “4D BIM certified beginners” is
to be able to understand the 4D BIM tools and processes and manage information that matters for 4D
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BIM. Employees in the second level (analysts), are usually responsible for delivering requirements in a
process level. Therefore, the goal for the “certified 4D BIM analysts” is to be able prepare and use
different 4D BIM deliverables through the design and construction phase of a project. Lastly, employees
in the third level (consultants) are mainly responsible to implement a shared mission and ensure
successful implementation of the requirements among different parties. Consequently, the goal for the
“4D BIM certified consultants” is to be able to outline the 4D BIM process and needs, solve any related
problems and coach employees on their 4D BIM related developments.

The three-levels-design has two more characteristics that should be mentioned. Participants of the last
level should have already acquired successfully the competencies in the other two levels. For that reason,
within each level there are evaluation activities to ensure that all the required learning objectives have
been met before continuing to the next. Secondly, the training design adopts a “zero-to-hero” approach.
The first level does not require any previous knowledge regarding 4D BIM and by the completion of the
last level it ensures that 4D BIM practitioners can facilitate the learning process of 4D BIM for employees
that just start in level A. This has been considered of significant importance to ensure that practitioners
will be able to work in the current transition phase of the construction industry. During this transition
period the 4D BIM process is not precisely specified in terms of roles and requirements. By educating
practitioners to work in an agile way within the 4D BIM process, there is the aim to ensure that they
would be able to work under the unfavorable conditions that they have to face in the current learning
state of their organization and of other organizations.

1.5.2  Module learning components

@ 1. [ce-breaking ]
Q 2. Introduction ]

@ 3. Recall ]

.‘ 4. Comprehension ] -

@E‘Assessment ] “‘Repeat
@ 6. On-the-job Assignment ]

Figure 8. Module learning components

Each of the training modules has six main learning components (Figure 8). The first component is an
ice-breaking activity relevant to the topic of interest that indirectly (often with a metaphor) introduces the
participants to the core theme of the day. An introductory presentation follows, with the aim to provide
all the necessary supportive information relevant to the task and the way it is performed, the process that
it is part of and the importance of the task. The introductory presentation aims to answer four questions:

21



@G. Papanikolaou

. What are the tasks are being addressed during this training session?

. Which part of the process do these tasks support?

. How are the tasks performed within the process?

e Why are these tasks particularly important?
In some of the modules (1, 2 and 3) the introductory presentation targets also some of the 4D BIM learning
objectives of that modules, mainly the ones related to the process character of 4D BIM. For the rest of
the modules, the introductory presentation works only as a mean for providing supportive information for
the module.

After the introduction the two components of the main leamning tasks are taking place. These two
learning components {numbers 3 and 4 in Figure 8) involve different tasks that are related to the level of
the module. As it has been explained these two components refer to the meta-levels of bloom’s taxonomy
(Starr et al., 2008). Therefore, in the first level, these components include tasks related to recall and
comprehension, when for the second level the tasks are related to application and analysis and for the
third level the tasks are related to synthesis and evaluation. The design of the tasks follows the principles
of project-based learning and several types of instructional methods have been used:

- Presentation: typical lecture activity with maximum duration of 20 min in which participants watch
the trainer explain a specific topic

- Workshop: mini-workshops with duration between 30-80 min have been used in this training
curriculum in which participants learn to produce a product, solve a problem or apply a technique
under the guidance of their trainer

- Role Play: participants gain new skills and apply knowledge by acting according to specific roles in
realistic situation simulation

- Practice exercise: Individual or group assignments in which participants have to apply the skills
demonstrated by the trainers using a checklist of requirements

- Demonstration: participants observe the facilitator of the session performing a task or procedure,
facilitators give examples and information about alternative ways of working according to the
participants questions

- Case Study: individual assignment in which participants are asked to analyses a real case and
present their findings and their recommendations

- Simulation: group assignments in which participants are asked to perform a task or apply their
competencies under “real life” conditions {assignment material, available means, working
environment, time)

- Peer tutoring workshop: participants are asked to prepare in advance a workshop on a specified
topic and act with the role of facilitator of the workshop for their peers during the session

- InterVision Session: session in which participants share a specific problem that they have
encountered, get feedback from their peers and analyze the way they could treat similar problems

In all the learning tasks, participants are asked to apply and practice the acquired competencies.
Therefore, the instructional methods of a presentation or a demonstration, are always combined with a
practice exercise, a simulation or a role play under the same learning task. It is important to mention that
the three different meta-levels refer mainly to the character of the acquired competencies and not on the
type of the assignments. For example, a workshop in the first level during the recall learning task is
different than a workshop in the third level during the synthesis learning task. Although they are both
workshops, in the recall workshop the competencies addressed are related to learning and memorizing a
sequence of steps to perform a task (e.g. visualizing data) when in the synthesis workshop the
competencies aim to combine knowledge, skills and attitudes to synthesize a customized way of working.
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By the end of the two main learning components, in each module there is the fifth component with is
an assessment. This is the last part of a training session in which participants present the outcomes of
their learning task and they receive feedback from peers and feedback from the trainers. They also receive
a personal assessment matrix filled in by the trainers based on their performance on the criteria described
in the evaluation scheme of each module. These criteria are based on the research of Kraiger et al., (1993),
that specifies in which way cognitive, skill-based or affective outcomes can be evaluated. For the skilled-
based outcomes, the hands-on testing evaluation criteria can directly be applied to evaluate the
performance of the participants in the learning tasks. For the cognitive and affective outcomes, evaluation
criteria have been specified that should be checked twice in the start and the end of each training session
via a short questionnaire. However, more research should be required to analyze the cognitive strategies
and the mental models in order to derive the right questions that address correctly each of the learning
objectives.

By the completion of each training session the training module has not been completed. It is
significantly important to repeat the acquired knowledge and skills in order to eliminate the percentage
of it that gets lost by forgetting (Ebbinghaus, 2013). The sixth component of the on-the-job assignment is
usually a case study during which participants must apply their skills in real life conditions. They are given
a period of one or three months to perform their extra learning task either as a regular task within their
daily work or next to their daily tasks. For the on-the-job assignment there is the same assessment matrix
that should filled in by the direct supervisors of the trainees.

1.5.3  The nine modules

The nine modules (Figure 9) have been developed based on the different parts of the 4D BIM workflow.
Each module includes a mix of competencies from different sets and topics that are necessary to facilitate
the overall 4D BIM process and all its separate components.

Module One

ﬁ

Level A

B
L. Information 2.40 BIM
management Software basics

Level A starts with the module one of information management that addresses thirteen competencies
under the operation, functional and administration competency sets (Table 9). The learning goal by the
completion of the first module of information management is for the participants to be able to reach,
refine, and visualize information necessary for the development of 4D BIM. The training session for

Figure 9. Detailed training design (modules)

29



@G. Papanikolaou

module one lasts about five hours. Already from the introductory presentation, participants learn how to
reach the necessary for 4D BIM information within a project coalition. During the recall part there are
three different mini-workshops in which participants learn how to reach and evaluate the information in
a 3D model, how they can visualize data in order to present them as information and how they can reach
better understanding of complex technical structure by making sketches. During the comprehension part
they work on a group assignment, in which by role playing they learn how to collect from different
stakeholders all the necessary data to get a better understanding and make a simplified schedule for the
construction of a complex technical structure. After the completion of the training session there is an on-
the-job assignment in which participants are asked to apply the competencies gained during the session
on their job within one month and discuss their progress with their supervisors.

Table 9. Module 1: Information Management

Training Instructional % Learning Obiectives Measurable Evaluation
Component Methods v Che) Outcomes method
Collect information regarding the initial schedule shill-esed Han_ds-on
Outcomes testing
Introduction Presentation Identify the information needs and their sources Cognitive Structural
Outcomes assessment
Understand the project hierarchy and reach the right Cognitive Structural
people for information Outcomes assessment
Understand the 3D elements in the model and request Cognitive
) e Power tests
Workshop: clarifications Outcomes
3D BIM Readiness Evaluate the 3D models in terms of completeness based  Skill-based Hands-on
on the initial agreements Outcomes testing
) Validate data, filter the key information and distinguish  Skill-based Hands-on
Workshop: n W . :
the "signal” from "noise" (checking) Outcomes testing
Recall Data 2
L . . . . Skill-based Hands-on
Visualization Translate data into workable information (presenting) .
Outcomes testing
Visualize technical structures Skill-based Hands-on
Workshop: Outcomes testing
Technical Drawing Identify the structure of complex technical systems Skill-based Hands-on
(break them down) Outcomes testing
Identify major phases that may be missing in the initial Skill-based Hands-on
schedule Outcomes testing
. Identify the steps and the logical sequence of the Cognitive Sl s
Role Play: construction process Outcomes
Comprehension Infor_m_at|on Understand the technical terminology and jargon Cognitive Recognition and
Mining Outcomes recall tests
Understand the work of different specializations, -
, : Lo Cognitive Self-report
address everybody's expertise and contribution in the
Outcomes measures
team goal

S|=

Operation Functional

Module Two

Module two has the learning goal for the participants to be able to perform simple 4D BIM software
tasks, understand the software logic and learn fast new software tools, buttons and procedures.
Therefore, it includes mainly technical competencies {Table 10). During the introduction of module two
participants also learn how to adopt a learning mindset. During the recall part there is a mix of
demonstration and practice exercise activities to help participants learn the basic functions of 4D BIM
software (navigation through the software, creating and linking tasks, creating appearance profiles and
allocating resources). During the comprehension part, participants are asked to apply filtering based on
used fields within a simulation assignment during which they are asked to work produce a 4D BIM model
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for a real company project. After the training session an on-the-job assignment follows, in which
participants should practice their competencies and discuss on their progress on-the-job within a period
of one month after the training session.

Table 10. Module 2: 4D BIM Software Basics

Training Instructional Measurable  Evaluation

2 Learning Objectiv
Component Methods « earning Objectives Outcomes methods
Find out alternative solutions when there is lack of Affective Self-report
information Outcomes measures
. . Discuss with managers about the lessons learned after  Affective Self-report
Introduction Presentation . .
the completion of a project Outcomes measures
Adopt and learn from scratch new digital tools AEEIE el 15 901
Outcomes measures
Navigate through the 4D BIM Software views Skill-based Han_ds—on
Outcomes testing
Demonstration: Set and modify relationships among the project tasks sl e Han_ds-on
8 Outcomes testing
Introduction to 4D .
. Skill-based Hands-on
Software Create and use cutting planes :
Outcomes testing
Recall Create and assign clear appearance profiles Sl e el
Outcomes testing
PEIEHIES EEs: Create a schedule from scratch based on the 3D Skill-based Hands-on
Tasks from 3D . .
. elements (baseline 0) Outcomes testing
objects
Demon_stranon: Recognize properties and user fields existina 3D Skill-based Hands-on
Introduction to user .
. model Outcomes testing
fields
Use 3D model user fields for smart filtering Skill-based Han_ds—on
Outcomes testing
. . Allocate 3D resources on tasks in 4D BIM Software Sl Hiesed Han_ds—on
- Simulation: From Outcomes testing
3Dto 4D N Skill-based Hands-on
Create and export reports (animations + frames) .
Outcomes testing
Ensure that all the components are included in the Skill-based Hands-on
schedule and they are correctly linked with a task Outcomes testing

<

Functional

Technical Dperation

The second level of modules focuses more on the optimization of way of working within the 4D BIM
process. Therefore, four different modules have been developed they assist practitioners, to expertise
their 4D BIM way of working.

Module Three

Starting with advanced software competencies, the third module has the learning goal to ensure that
participants will be able to perform advanced software tasks and standardize their way of working.
Module three addresses technical, implementation and research and development competencies (Table
11). In the introductory presentation participants learn how to ensure working in the most efficient way
with 4D BIM and adopting a mindset of seeking the most optimal way of working with 4D BIM. In the
application component through a learning task that combines demonstration and a practice exercise,
participants apply scripting in 4D BIM software and learn to use baselines. During the analysis component
through a learning tasks that combines demonstration and simulation participants are introduced to the
use of workspace and 3D paths in the 4D BIM software. After the completion of the training session
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participants must complete an on-the-job assignment within three months after the training session. In
that assignment they don't only practice their acquired competencies, but they also learn about
standardizing their way of working with 4D BIM.

Table 11. Module 3: Advanced 40 BIM

Training Instructional = Learning Obiectives Measurable Evaluation
Component Methods « 950 Outcomes methods
Ensure "smart" visualizations that follow and Skill-based Hands-on
explain precisely the construction process Outcomes testing
Ensure "smart" activity coding able to provide Cognitive Structural
Introduction Presentation information for levels, suppliers, etc. Outcomes assessment
Find out ways to optimize the process and the way  Affective Self-report
of working with 4D BIM Outcomes measures
Explore new concepts and innovative ideas Affective Self-report
regarding 4D BIM implementation Outcomes measures
Demonstration & Use scripts within the 4D BIM software to improve  Skill-based Hands-on
Aoolicati Practice Exercise: waorking efficiency Outcomes testing
ppiication Task Durations and Compare schedule alternatives or progress in 4D Skill-based Hands-on
Baselines BIM Software (baselines) Outcomes testing
Dem_onstra_Uorw & Create and use workspaces in 4D BIM Software sl e Han_ds—on
Analysis Simulation: Ou_tcomes testing
Wogépﬁgg]ssand Create 3D paths in 4D BIM Software (S)tlt”cfr?:aid tHeasr;%Sg_(m
. . o Probed
Standardize the way of working and prepare Cognitive
. protocol
On-the-job Case Stud templates Outcomes Ivsi
el ase Study _ analysis
Create manuals, roadmaps and flowcharts Skill-based Hands-on
regarding the way of working with 4D BIM Outcomes testing

0

Technical

Module Four

Module 4 aims to certify the ability of participants to develop a detailed construction schedule in 4D
BIM and therefore integrates operation and functional competencies {Table 12). During the application
component of this module, participants follow two mini-workshops in which they learn about two main
techniques used in construction planning and therefore in 4D BIM scheduling. They also receive a
demonstration about identifying hard classes that they are asked to use during the analysis component.
In that, participants get a simulation assignment in which they should find a solution for an impossible
planning. After the completion of the training session, participants should apply their skills in one of the
on-going company projects as an on the job assignment to be completed within three months.

Module Five

The last two modules of this level aim to ensure the use of the 4D BIM outcomes for the validation and
the verification of the construction planning in (Module 5) and for the progress monitoring of the
construction works (Module 6). Again, in these modules mostly operation and a few functional
competencies have been addressed. A combination of a workshop and a demonstration activity are used
in module 5 during the application component to provide insights regarding the way of working by using
4D BIM products during verification and validation meetings (Table 13). In the analysis phase of module
5 a simulation assignment is provided to the participants and they have to prepare a verification and
validation meeting in “real-life” conditions.
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Training Instructional B |eaming Obiectives Measurable  Evaluation
Component Methods v 95 Outcomes methods
Workshop: MECE Think on an analytical way: be able to switch between Cognitive Probed protocol
Approach detailed information and headlines outcomes analysis
Develop the prOJe_ct _plannmg in more detail. From Cognitive Recognition and
o overall task description to detailed tasks, step-by-step
Workshop: Sprint outcomes recall tests
Aooroach (LoD 2--> LoD 3)
Application P Organize sessions to acquire more information from Cognitive Probed protocol
multiple specialists outcomes analysis
. Report on hard clashes Cognitive Recognition and
Demonstration: outcomes recall tests
Clashes Identify time depended clashes - constructability Cognitive Recognition and
reports outcomes recall tests
Interview specialists about the project planning Cognitive Recognition and
outcomes recall tests
Simulation: Identify inaccuracies, missing elements or impossible Cognitive
. } X ) Speed tests
Analysis Impossible planning and raise early awareness outcomes
Planning Coordinate work among different disciplines, provide all o ..
. ° . . Cognitive Recognition and
the necessary information and eliminate irrelevant
outcomes recall tests

matter

=) %
Dperation Functional
Table 13. Module 5: Verification and Validation with 4D
Training Instructional % Learning Obiectives Measurable  Evaluation
Component Methods @« 950 Outcomes methods
Initiate and run the validation loops (plan, organize and Cognitive P[g?ri:dol
prepare meetings / sessions etc.) outcomes P .
analysis
Ask the right questions in order to ensure accuracy and Cognitive Free sorts
Workshop: Way validity of the planning and the information in the model Outcomes
ofMWor_klng . Connect information, draw meaningful conclusions and Skill-based Hands-on
C e;_tlngtg_s present them in order to rationalize the decision making Outcomes testing
oordination o . . . .
Facilitate and guide the meetings (keep order and time, Skill-based Hands-on
coordinate, draw conclusions, summarize discussions) Outcomes testing
o Adjust the way of talking to address all different layers of Affective Self-report
Application the project organization Outcomes measures
Use 4D BIModel during meetings to provide information Skill-based Hands-on
. and stimulate decision making (based on data) Outcomes testing
Demonstration:
Way of Working - _ _ _
D 5w oung W ncerstandingof e projectsemerts gt g SAIse8 Fondsar
Meetings rstanding pro) g g Outcomes testing
the visualization)
Use multiple 4D BIM outcomes during meetings (to keep Skill-based Hands-on
notes, make adjustments, etc.) Outcomes testing
Prepare and generate multiple types of 4D BIM Skill-based Hands-on
Deliverables Outcomes testing
. . . . . o Probed
) Simulation: V&Y Prepare for the meetings and think of the interaction with Cognitive |
Analysis Ao o the model during them outcomes protoco
Mgeting with 4D analysis
Present information with the help of the 4D BIModel in an .
Skill-based Hands-on
understandable way for non-software users (clashes, 0 )
A utcomes testing
design mistakes, etc.)
yeal
&y %

Dperation Functional
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Module Six

In module 6, through a presentation and a simulation assignment, participants learn how to identify
when a schedule starts differentiating from the optimal and how to use 4DBIM to update the stakeholders
on the current situation (Table 14). During the analysis component participants have a workshop during
which they “shadow” for an hour an employee surveying the progress of the tasks on site and then they
are asked to update the progress of the tasks in the 4D BIM model as an individual practice exercise. Of
course, an on-the-job assignment follows each of the modules 5 and 6 so there is a period of three months
between them for the completion of the on-the-job assignment. By the completion of the second level,
participants are expected to have adopted an optimal way of working with 4D BIM.

Table 14. Module 6: 4D Progress Monitoring

Training Instructional % Learning Obiectives Measurable Evaluation
Component Methods « Chel Outcomes methods
. Recognize when the construction starts differentiating Skill-based Hands-on
PRSI0 from the plannin Outcomes testin
Way of Working P g g
- Progress Probed
. Monitoring Confirm early any inconsistency between the planning Cognitive
Application . . i protocol
and the actual construction with the people in charge Outcomes .
analysis
Slrﬂiltaetlt%z Use the model to prepare client and team updates Skill-based Hands-on
Stakeholders regarding the progress Outcomes testing
Be alert and identify changes and progress in a Skill-based Hands-on
Workshop: On- construction site Outcomes testing
site Progress ] ) ]
) Surveying Keep track of the progress and time constraints and Skill-based Hands-on
Analysis changes in the construction site Outcomes testing
Pr_ac.t|ce Update the model whenever there are schedule/design Cognitive Probed
Exercise: Up-to- . . ; protocol
changes or inconsistencies Outcomes .
date model analysis
Fial
&5

Operation

Module Seven

The third level of 4D BIM competency refers to broader competencies for overviewing, managing and
coaching others within the 4D BIM process. Therefore, in module 7 (Table 15) the learning goal is that
participants can use multiple software tools in order to solve issues between 3D models, schedules and
4D BIM and that they can code simple lines (for example in python) for data manipulation and future
development purposes. Therefore, mainly technical and research and development competencies have
been addressed in this first module. The module is slightly differently organized than the rest of the
modules. During the synthesis phase, participants in three small groups have to prepare and present one
of the mini workshops (about coding, 4D BIM data graphs or basic 3D modeling) to their peers. In the
evaluation component they have receive an individual assignment to prepare a 4D BIM model by
importing from scratch the 3D model and project task lines. An on-the-job assignment follows the
completion of the training session of module seven and participants have a period of one month to
complete it.
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Table 15. Module 7: 4D BIM Hacks

Training Instructional s Learning Objectives Measurable  Evaluation
Component Methods » Outcomes methods
Check if the file format of the 3D model can be used sl esed Han_ds»on
Peer tutoring workshop o . . Ou_tcomes IESIY
Write simple code lines / Know a programming Skill-based Hands-on
language Outcomes testing
Synthesis Peer tutoring workshop Use excel to export, manipulate and re-import data slil-ogiea Han_ds-on
' Outcomes testing
Draw simple 3D elements and polyline paths in Skill-based Hands-on
. various 3D software Outcomes testing
Peer tutoring workshop Skill-based Hands-on
Subdivide 3D elements in external 3D software .
Outcomes testing
Evaluation IrrFl)pr)aocrEEZ iE:irS%TM Export schedule from different software gtltltlz-t?riseesd tHei:?nzon

HLY

Module Eight Technical

Module 8 has the goal to ensure that participants would be able to outline an action plan regarding the
4D BIM process for new projects, make agreements and influence all parties involved regarding the
adoption of 4D BIM (Table 16). In this module functional, implementation and administration
competencies are being addressed. During the synthesis component of this module participants
participate in two workshops the first regarding company role and the way of working within a new
project with 4D BIM and the second about motivational speaking and storytelling about 4D BIM. At last,
in the evaluation component there is a simulation assignment in which participants get the information
for a new project and have to set a 4D BIM action plan with all the different process steps and
requirements. An on-the-job assignment of one month follows the completion of the training session.

Table 16. Module 8: 4D BIM Process Management

Training Instructional Measurable Evaluation

Component Methods &  Learning Objectives Outcomes methods
Outline the 4D BIM process for a project and describe Skill-based Hands-on
Warkshop: Way of preglsely the needs_for each 01_‘ the process steps _ Ou_tcomes testing
Working - The 4D Define and agree with all parties the LoD appropriate Skill-based Hands-on
BIM E’rocess for each of the different phases of the project Outcomes testing
Make agreements on the information exchange tasks Cognitive Structural
and format in each of the process phases Outcomes assessment
Synthesis Storytelling regarding 4D BIM use and benefits in a Skill-based Hands-on
) tangible way to colleagues' and partners Outcomes testing
Workshop: . L -
o Adopt persuasive and convincing techniques to talk .
Motivational : Skill-based Hands-on
. about the 4D BIM tools to various management )
Speaking / Outcomes testing
Storytelling st.alfeholders . . . .
Initiate proactively the 4D BIM (Digital Construction) Affective Self-report
way of working instead of the "traditional planning" Outcomes measures
Cognitive praloed
Set and coordinate a network of different specialists g protocol
Outcomes .
analysis
Simulation: 4D Understand the project scope and rationalize decisions  Cognitive Hands-on
Evaluation BIM Process Plan based on it Outcomes testing
for New Contract Analyze the contract and develop a 4D BIM Skill-based Hands-on
requirements list Outcomes testing
Negotiate and agree upon the 4D BIM deliverables Affective Self-report
with the involved parties Outcomes measures

%

Functional
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Module Nine

The last module refers to coaching within the 4D BIM process and therefore participants completing
module 9 should be able to overview the 4D BIM process, coach others on the way of working with 4D
BIM and balance between effort and impact when updating 4D BIM (models). Operation, functional,
implementation and administrational competencies are addressed (Table 17). During the synthesis
component of this module participants follow three different mini-workshops regarding influencing
techniques regarding the adoption of 4D BIM by a new project coalition, managing changes in 4D BIM
and coaching of new employees involved in the 4D BIM process. During the evaluation component
participants participate in an InterVision session in which they discuss and get feedback on different
management approaches for 4D BIM teams. By the completion of level C participants are expected to be
able facilitate the 4D BIM learning process within their organization but also the 4D BIM learning process
required for the collaboration with partner organizations.

Table 17. Module 9: 4D BIM Coaching

Training Instructional s Learnina Obiectives Measurable Evaluation
Component Methods » Che) Outcomes methods
Gain credibility and build trust among the project Skill-based Hands-on testin
Workshop: stakeholders Outcomes g
| . . . . _
nfluencing Explain the way of working and coach new Skill-based Hands-on testing
colleagues Outcomes
Acquire detailed information regarding changes, their ~ Cognitive Structural
urgency and priority Outcomes assessment
) Access and use a changes management platform Skill-based .
Workshop: .
Synthesis Changep (Software: Autodesk glue, etc.) Outcomes Hands-on testing
Management and B £y5ate time-wise the desired LoD and define Skilbased oo
Recsr?onse to accordingly the 4D BIM deliverables Outcomes g
anges Evaluate the need and the effort for updating the Cognitive Readiness for
model Outcomes testing
Monitor regularly the level of detail and decide on .
: Lo : Skill-based .
adding more activities or keeping less based on the Hands-on testing
S Outcomes
initially agreed LoD
Workshop: e . . Skill-based .
Coaching Explain "why" (for each decision, change, action ...) Outcomes Hands-on testing
Fvaluation InterVision Select the proper team management approach, for Cognitive Probed protocol
Session the team and the task to be performed Outcomes analysis

%

Dperation Functional

From the above, it becomes clear that overall training that is being proposed, involves a long-term
experience with 4D BIM (Figure 10). In total 2 months working experience with 4D BIM software are
required for the completion of the first level, 12 months of working experience within a 4D BIM project is
required for the second level and 9 months managerial experience within the 4D BIM process is required
for the completion of the third level. However, it is important to mention here again that somebody can
start working within the 4D BIM process already after the completion of the first two modules {Level A).
The total of 17 months is required for participants who start without any knowledge of 4D BIM and aim
to become “certified consultants” which means that they can facilitate the 4D BIM learning process of
other employees and solve managerial issues regarding the implementation of 4D BIM.
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VALIDATION

All the detailed tables with the evaluation results and the corresponding quotations can be found in
Appendix VI. Evaluation outcome. The quotations have been coded starting on the number of the
participants in the interview (1,2,3,4,5 and 10) and followed with the sequence number of the quotation
of that participant (for example 5.23 refers to the 23 quotation from the interview with participant 5).
Once again participants with the numbers 1,2,3 and 4 are professionals experiences in 4D BIM and
participants with the numbers 5 and 10 are professionals in BIM training.

1.5.4 Relevance

In terms of relevance, it is agreed among all the 4D BIM practitioners that participated in the interviews
that the list of the identified competencies is very extensive and that it holistically maps competencies
relevant for 4D BIM planners and crucial for a 4D BIM training. Additionally, a very interesting outcome
of this validation phase is that participants indicated the relevance of the proposed 4D BIM competencies
identification not only for consulting firms but also for contractor firms. It was recognised that the
proposed curriculum could address the needs of more roles involved in the 4D BIM process in general.
Specifically, it was mentioned that most of the contractor companies are developing similar in-house
training programs, with the aim to train the role of work preparators for developing 4D BIM models and
delivering 4D BIM outcomes. At the same time, it was pinpointed that competencies related to progress
monitoring with 4D BIM should be required by the site managers or the site superintendents. Ideally in
the future, the responsibility of updating the 4D BIM model in terms of progress for the construction tasks
should be outsourced to these roles. Overall, it was agreed that the list of competencies could be relevant
for several roles involved in the 4D BIM process among a project coalition. Participants could even see a
consulting firm taking the lead and delivering a 4D BIM training for upskilling not only their personnel but
also partners within a project coalition: “you could take this training a bring it to a tender team to teach
them about 4D BIM and bring everyone on the same level of 4D BIM understanding”

However, according to the validation feedback, there are some additional competencies that should be
considered for implementing successfully the proposed 4D BIM training curriculum among a broader
target group of participants. Professionals indicted the need to include more construction scheduling
related competencies in module 4 (use of scheduling techniques: critical path method, network diagram,
float calculations) when it comes to the training of work preparators for 4D BIM. Also, the interviewees
indicated the need to include additional advanced competencies in module 7 that would ensure a broader
spectrum of 4D BIM uses in the future. Three main items were identified in this direction: the use of a
server-hased application for facilitating collaboration within the 4D BIM process (software such as SWP
by Bentley); the use of 4D BIM outcomes for managing projects in a company level and not only in a
project level (deriving insights for business development and more efficient resource allocation among
different projects of the company); the use of 4D BIM for construction site logistics. Although, these topics
are recognised important for the future implementation of 4D BIM, they cannot be considered current
practises in which practitioners should be trained. This is because 4D BIM is still an emerging practice in
the construction sector and therefore, these advanced 4D BIM uses would first require the establishment
of 4D BIM as a common practice within the procedures of the company as a whole.

Specifically, participants in their general comments agreed that several of the addressed competencies
of the training, are linked to an optimal way of working with 4D BIM which is not the current way of
working. This is because 4D BIM for most of the firms is not a core activity yet and the effort allocated
for 4D BIM training, highly depends on the current and future technological developments. However, it
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seems that the market is pushing towards 4D BIM and it is believed that technology will establish 4D
BIM as a core activity of the companies in the construction sector soon. Consequently, there is the aim
to reach that higher level of 4D BIM competency. A training activity of this kind would be very much
aligned with the interest of firms to invest further on implementing and advancing 4D BIM. For some firms
the complete training design that has been proposed may be ideal but for some others only a small part
of the proposed training could cover their needs.

155  Validity

When the interviewees were asked about the perceived validity of the training curriculum, they firstly
expressed their positive reaction regarding the structure in which the knowledge is provided. Most of
them agreed that the content of the different levels is the appropriate, and that a structured approach in
4D BIM education could have successful results. However, they proposed minor improvements that could
be considered such as including module four in modules of level A. More precisely, one of the
interviewees indicated that although module one has been approached correctly in terms of the basic
software competencies, there is need for teaching planning related competencies already from the first
level: “Although you can easily get a “push the buttons” training this is clueless if you don't have
knowledge about how planning management works”. At the same time there were two contradictory
statements regarding the first module of information planning. One of the 4D BIM practitioners doubted
the need for this module in the first level, when the training experts indicated the importance of this
specific module for speeding the learning process regarding object-oriented software competencies. A
couple of other practitioners also indicated that module one is crucial for everyone involved in the process
and it could probably be enriched with more knowledge regarding BIM in general. Modules of Level B
have been recognised as the most important in terms of upgrading the 4D BIM process within a firm.
Furthermore, modules of Level C have been identified as an innovative component of the 4D BIM training
that has the potential, to establish knowledge within an organisation in more stable ground.

In terms of the specific training features, most of participants, and among them both the training
experts, indicated that the learning components could successfully help participants to acquire and apply
the competencies. Specifically, they recognised a good mix of training methods, that makes the training
interactive, and clear learning goals and deliverables that help practitioners learn. The training experts
pointed out that although the training material for the software is the appropriate one (step-by-step guide)
the time allocation for each module should be adjusted: “if you say this is a 3,5-hour session [ref. to
module 3], this is a lot to do within 3,5-hours”. Extra time should be considered, in all the modules, for
answering questions and explaining concepts and evaluating the trainees’ work.

As two of the most important features of the training have been recognised the evaluation and the on-
the-job assignment. Regarding the assessment, it has been recommended to define more accurately
which is the process for a participant who doesn't meet the performance requirements of a module. As
far as for the on-the-job assignment, it has been considered the most crucial component of the proposed
design. Professionals indicated that participants in the training is necessary to apply their competencies
in real conditions to secure that they will be able to use 4D BIM successfully in company projects.

Overall, the proposed design has been characterised as a very complete and detailed approach that is
aligned with similar efforts of different companies in the construction sector. The interviewees suggested
that the training (or at least parts of it) should be recommended as necessary for all practitioners involved
in the 4D BIM process. They have also confirmed, that their in-house training efforts regarding 4D BIM
are similar but cover only in a very small part of the proposed design, and specifically the software related
competencies. Lastly the visualisation of the training design was got positive feedback as it is believed
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that it helps for the better understanding of the training activities.

1.5.6  Feedback on implementation of the training curriculum

Interviewers have also provided feedback in terms of the potential implementation challenges of the
training curriculum. One of the points raised regards the overall duration of the training. The duration of
the complete program is considered by the interviewees to be very long (17 months). Accordingly,
participants recommended, that splitting the training in three different courses (one course including the
modules of one level) could improve the feasibility of the program. In this way, it would become clear to
the trainees that after completing the first course (level A) they can already start working with 4D BIM
tools. The second course (level B) can help them expertise their knowledge regarding the 4D BIM process
and in the third course (level C), they can learn how to manage the 4D BIM activities within a company
or within a project. Among other ideas, proposed for reducing the duration of the training program, was
the ability to customise the learning path based on the trainee needs. It was indicated that the quality of
the training can be affected by the previous experience of the participants and that different roles may
require a different training approach. Consequently, an initial assessment should be proposed for all the
employees, during which the learning path for each trainee is defined based on their previous experience
and their specific personal and role needs.

Additionally, during the evaluation, it was clearly mentioned that the proposed training could also
address the training needs of participants from construction firms in terms of 4D BIM. However, most of
the participants in the interviews indicated the need to select specific competencies to be linked with
employees in different roles in a construction project to make the training relevant for a greater audience
that includes contractor companies. This is because the 4D BIM process between consulting firms and
contractor companies is very different. Consultancy firms mainly focus on infrastructural megaprojects,
on which the 4D BIM process involves the management of complex interfaces, within a project coalition
with several stakeholders. Consequently, trained employees from a consultancy firm should be able to
cover all the knowledge and expertise gaps that occur during the 4D BIM transformation among the
several partners of a project coalition and the proposed training covers that need. However, for contractor
firms, especially in the case of buildings or smaller complexity assets, the whole 4D BIM process has
been reported centralised in one and only experienced planner who is responsible to develop the model
in 4D BIM and has minimum interaction with other parties. But also, in bigger infrastructural projects,
interviewees pinpointed that contractor employees are only being involved in the 4D BIM process from
their specific company / project role. It would only be only relevant from them to invest in acquiring the
specific competencies that are relevant and directly applicable to their role.

According to the recommendations from practitioners, at least four roles within a project, should be
trained in some of the modules that have been included in the proposed design. The 4D BIM planners or
the work preparators should follow all the modules in the first and the second level (1-6). However, it is
not relevant for them to follow the levels in the third level, as this should be the responsibility either of
the BIM coordinator or BIM managers in a project coalition. BIM coordinators should be responsible to
overview the technical and implementation aspects of the 4D BIM process within a project and therefore
modules 1,5, 7 and 8 are more relevant for them. At the same time BIM managers should have the ability
to manage and implement the 4D BIM process internally in a company setting and therefore modules 8
and 9 are indicated as necessary for them. Lastly, it was mentioned that employees with the role of the
site / field management or project superintendents should be responsible to report on the progress
management in the 4D BIM model and therefore should follow modules 1 and 6. In an attempt to
summarise the above results a matrix was created for the suggested modules for different employees in
consultancy and contractor firms (Table 18).
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Table 18. Comparison matrix for modules that are relevant for different roles in construction firms

Consulting firms Contractor firms

ades 4D BIM Planner M:rizﬂger Coo?c;'i\r:lator ?I\Il)olflil\grzlsggiroﬁ Fr:f;iggstietf
. Information Management X X X X
. 4D BIM Software basics X X
. Advanced 4D BIM Software X X
. Scheduling in 4D X X
. Verification and validation in 4D X X X
. 4D Progress monitoring X X X
. 4D BIM Hacks X X
. 4D BIM Process management X X X
. 4D BIM Coaching X X

As a last point during this evaluation round, the interviewed experts, indicated that with minor
modifications, the proposed training curriculum, could also be used as a separate training product.
Although the training has been initially designed to be implemented as an inhouse upskilling training
program, several experts indicated that it could have potential in the market as a separate training
product. In that case, there are a couple of issues that should be improved before discussing the proposed
design as a training product. It should be ensured that the training can be adjusted to the specific company
needs, the duration of the training sessions should be standardised and the trainers for each of the
modules should be defined. A separate feasibility study would be needed in order to identify the actual
interest of different firms to outsource these training activities based on the cost of such a training
program.
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DISCUSSION

The focus of this assignment was to develop a training curriculum for 4D BIM in construction consulting
firms. There is no relevant literature describing either the 4D BIM competencies that should be addressed
in such a training or how the training components of a 4D BIM training should be. Relevant literature
could only be found on the BIM competencies and the development of BIM training activities. Based on
the literature regarding BIM competencies, the 4D BIM competencies framework has been constructed
(as presented in Chapter 3.1). Literature regarding BIM education reports as the most challenging issues
of a BIM related training the balance between (1) theoretical knowledge and practice, (2) technological
and process aspects and (3) traditional and emerging construction project management approaches
(Puolitaival and Forsythe, 2016). The proposed training curriculum seems to tackle all these three aspects
sufficiently.

Specifically, according to the feedback of the practitioners the mix of the training methods and the
combination of an on-the-job assignment are the strong characteristics of the training features, as they
incorporate both theory and practice in a good balance. Furthermore, the training integrates some
modules related to the use of the technological tools {software) but at the same time process related
aspects of 4D BIM have been carefully designed. The third level of the training has been recognised as
an innovative approach of 4D BIM training that addresses all the process related challenges and
establishes 4D BIM competencies beyond the use of technology. Lastly, regarding the challenge to
balance between traditional and emerging construction management techniques; 4D BIM has been
approached as a complete emerging construction management process itself; and the proposed design
has received positive comments on the way that it is addressing an optimal way of working. However, it
has been recommended to include more competencies related to the traditional construction planning
techniques.

Moreover, the evaluation of the training regarding the perceived validity had a generally positive
outcome. Interviewees agreed that this should be the way that a 4D BIM training should be approached
and they indicated that they would adopt at least parts of the proposed design for upskilling their
employees in terms of 4D BIM. This project suggests that acquiring 4D BIM competency in the proposed
holistic approach, increases the chances for consulting companies to become 4D BIM champions. By
reaching the higher level {level C) of 4D BIM competency, consultants should be able to facilitate the
learning process of their peers or partners, who just start with 4D BIM. Being able to run the process of
4D BIM from the beginning to the end, both internally and inter-organisationally gives the potential to
consulting firms to step up and lead the 4D BIM implementation within project coalitions. In this way
consulting firms not only maintain competitive advantage by delivering high quality 4D BIM outcomes,
but also manage successfully challenging interfaces with partners during the 4D BIM transition process.

It has also been proposed that construction consulting firms can use the proposed training not only for
upskilling their own personnel but also for upskilling the members / partners of the different project
coalitions that they are involved. However, the proposed design required some significant adjustments
to be able target a broader group of practitioners within the construction sector. Firstly, the module of
scheduling in 4D should be enriched further with traditional scheduling techniques (critical path method,
network diagram, float calculations) and included in the first level of 4D BIM competency in order to
address lower skilled in terms of planning professionals. Furthermore, the three levels should be
separated and organised as three different courses (with three modules each) that do not require the
completion of any the other courses. For this scheme to work an initial assessment should be introduced,
during which the trainees’ current role, previous experience and needs are considered in order to design
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a personal learning path that consists from a compilation of different modules. The above modifications
have been summarised and a potential redesign of the training curriculum has been proposed (Figure 11)
for addressing a broader audience than practitioners in construction consulting firms.

40 Progress
Advanced 4D BIM
expertise

[ Basic 40 BIM knowledge ]

monitoring

“
Information 40 BIM Software Scheduling
management basics in 40

Initial assessment Define learning path based on trainee role, needs and personal experience

Figure 11. Proposed re-design of the training for contractor firms

43



@G. Papanikolaou

LIMITATIONS

Since this research consists single design cycle approach has specific limitations, that should be
pointed out. These should be considered as topics for further research that could result in a second design
cycle before the implementation of the final training result. First, for the competencies with cognitive or
affective outcomes, extensive analysis of the the cognitive strategies and the mental models has not
been performed within the scope of this project. In order to design the supportive information for these
learning objectives in detail (presentations, quizzes), further research is required on these learning
patterns (Kirschner and van Merriénboer, 2008). This project provides examples for both the supportive
and the instructional information but mainly for the skills-based learning objectives. Diving into the
mental models and the cognitive strategies, in order to develop accordingly training material for specific
4D BIM learning objectives should be the subject of future research in the overlap of the disciplines of
construction management and educational science.

Second, the evaluation of this training during the local impact phase, only addresses the perceived
validity of the training features. To measure the actual effectiveness of a training program, the training
should be fully implemented on a trial setup. An idea about how this setup could look like is provided in
Appendix VII. Implementing module 2 for deciding on the instructional method in which an example of an
A/B testing has been designed for deciding on the instructional method of Module 2. However, for
evaluation purposes a more thorough set up should be developed. In case of an A/B testing setup, at
least six participants should be acquired per group in order to have statistically significant results and a
quantitative analysis of the results to be possible. Also, a clear hypothesis should be formulated that
address the effectiveness of the training and the experiments should measure cognitive and affective
outcomes, as well and the performance of participants in an on-the-job assignment after the training
session. Due to the amount of time required for that kind of thorough testing, within the present project
it was only possible to evaluate the perceived validity of the design by interviewing different experts.

This research has been conducted within a Dutch construction consulting firm and the research
outcomes have been validated with professionals from different construction contractor firms and
software training experts. However, the 4D BIM competencies framework should also be validated the
content of suppliers, clients and other stakeholders that are involved in the 4D BIM process among other
to ensure external validity of the 4D BIM competencies identification. Also, the proposed design, should
also be validated among several construction consulting firms that develop similar kind of activities in
order to confirm that the proposed training approach addresses sufficiently the needs of construction
consultancy companies.
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CONCLUSIONS

The main purpose of this paper was to establish a 4D BIM competencies framework and design a
professionals training curriculum for acquiring these competencies. The 4D BIM competencies framework
is developed based on the generic BIM framework of Succar et al. (2013), and it is customised to address
a more targeted exploration of one specific new process within the BIM practice: 4D BIM. The training
curriculum translates these identified competencies in levels of competency and specific learmning
modules and activities by using educational and instructional research develop a design.

This is the first attempt for identifying in a structured way, competencies for a specific software-centred
process in the content of BIM: 4D BIM. The results of this study (development of the 4D BIM competencies
framework) can be used in research to approach the identification of competencies related to other
software-centred processes with the aim to expand the exploration beyond the software skills. At the
same time, in the industry BIM is an emerging field and more technology and software-centred
applications are expected to be employed in everyday use the next years (VR, HoloLens, etc). The ability
to identify domain competencies that are required for the process change and are not described in the
instruction manuals of the technology supplier can be crucial for keeping up with the technological
transformation of the construction industry.

Regarding 4D BIM itself, this project proposes a complete training curriculum that can be used by the
industry to evaluate 4D BIM competency among practitioners and industry. The current study aims to
assist firms in the construction sector in the development of in-house training activities in order to apply
the training and measure the learning outcomes. The training design proposes the way that practitioners,
on-the-job knowledge can be coupled with educational and instructional research outcomes to develop
professional training activities. When it comes to research, in the existing body of knowledge there is
limited work regarding the development of training activities for upskilling construction professionals on-
the-job. The proposed training can be used for further researching the efficiency of these kind on-the-job
training efforts and for defining up to which extend can bring the industry to a higher level of 4D BIM
competency.

This project claims that developing professionals as technology champions, who know how to manage
the process required for the use of new technology and coach others in their leamning process, can
accelerate digital transformation in the construction industry. However, more research is required
measure precisely the learning outcomes of the proposed modules. A trial application of the proposed
training approach would lead to an optimised and fine-tuned version of the training, that can be used by
consulting companies to upskill in terms of 4D BIM, their employees and their partners in different project
coalitions. Then it would be possible to say with confidence up to which extend the development of 4D
BIM champions within consulting companies is possible to accelerate 4D BIM adoption by the
construction sector.
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Appendix |. 4D BIM process flowchart
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Appendix . 4D BIM competencies exploration workshop

Time Phase Goal Technique description (moderation)
14:30 - 14:45 Introduction
2 min Intro Feeling comfortable Wel_cqmir!g the participants and thankir_wg them for their
participation. The schedule of the evening is on the screen.
The participants split into 3 groups of 4 people according to their
roles / disciplines in order to ensure multidisciplinary teams. The
teams are known to the participants upon their arrival.
In about 10 minutes, the group needs to create a 3D mascot. To
5 min Join: Ice breaking Warming up do so, eac_h of the_ team members pick a set of two objects form
’ the warming-up kit envelope. They need to collaborate to create
their 3D representation of the mascot. Starting from someone
every participant combines their two objects in the team mascot
why they try to explain link of their object with the 4D BIM
importance for their work {based their own background).
The importance and the goal of the session is introduced briefly
by the facilitator:
Objective of the thesis
e Why4DBIM
_ Inspire: Challenge Intro_duction to the e  (oal of the session
8 min introdu.ction session and to the e  Example of the first exploration
challenge The challenge of the session is introduced and explained: To
identify 4D BIM competencies (technical and non-technical) that
the practitioners need as these can be derived from previous
experience regarding their role and examples from previous
projects.
14:45 - 15:15 First Exploration — 4D BIM Roles
The teams are provided with a printed copy of the 4D BIM process
Come up flowchart. All participants are asked to think of the part of the
_ Act: Individual brain individually with 4D | process they have bgen involved. _
5min wriﬂng BIM planner roles Then they take post-its and they are asked to write down as many
within the 4D BIM as possible roles / responsibilities of the 4D planners within the
process 4D BIM process or tasks that are needed within their everyday
tasks (one role per post-it).
One-by-one, participants place their post it on the wall, while they
walk their team through the part of the 4D BIM process that they
Discuss the rolesin | have experienced initiating a small group discussion. They are
_ Act: Group agroup set up, asked desc_ribe the identified roles and the interactions of their
15 min brai.nstorming cluster them and role and with the 4D BIM process.
come up with new At the same time they try to cluster similar roles and group them.
ones If needed, they rephrase the description of the combined roles. At
the end the goal is to have identified several clear roles of a 4D
planner within the 4D BIM process.
5 min Act: Evaluate the Every participant gives their two dot-voting-stickers to any of the
Dot voting difficulty roles that they consider the most challenging ones.

a0
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Time Phase Goal Technique description (moderation)
The roles with the most dots are selected and prioritized as 1%, 2
Come up toa group | and 3 by the whole group.
5 mi Act: G It result for the most o ] .
min ct: Group resu challenging 4D BIM | The participants are asked to restate in a clear way their selected
roles 3 roles on the paper so that these can easily be readable and
understandable by a third person.
15:15 — 15:20 Coffee Break
Getinspired by the During the break the participants are asked to walk around and
5min Table touching other group ideas read through the other team'’s work so they can get different
insights.
15:20 - 15:55 Second Exploration
Understand which | The goal of the second exploration is explained, instructions and
_ Inspire: Competency are the categories in | short example are given.
5 min lanati which we are o i i
sets explanation looking for Each of the eight identified BIM skill sets from literature are
competency items explained to the teams as well.
Each participant takes 5 minutes to think and write down
individually, as much as possible specific competencies that a 4D
e . Come up .
. Act: Individual brain | . . planner needs in order to overcome challenges or ensure a
5min L individually with 4D . .
writing . smoother process (one competency/skill per post-it). For each of
BIM competencies ; o .
the competencies, participants are asked to recall their personal
example from previous or current projects.
One-by-one all the participants, place their post-it on the
whiteboard wall after they explain to the team the competencies,
they identified by using real case examples from their projects
Discuss the and they initiate a short discussion.
. Act: Group challenges in the At the same time, they try to cluster similar competencies and
15 min : . group set-up, cluster -
brainstorming group them. If needed, they rephrase the description of the
them and come up .
) grouped competencies and they create new ones.
with new ones
At the end the goal is to have several discreet competencies that
4D planners should have or acquire that they overlap to the
minimum.
beizyer s The teams are asked to relate each of their competencies to one
. ] e challenges under . ) . :
5 min Act: Classification . of the previously explained competency sets. If it is not possible,
the skill sets .
they propose new ones that should to be included.
framework
15:55 - 16:00 Group Results
Collect the ideas, Onawall, f||pchart_ papers are posted fqr each of the skill sets.
. . Each team put the identified competencies under the
) check if they fit ; . . .
5 min Reflect / Reframe: under the corresponding skill set after presenting briefly to the overall team.

Super-fast sprint

framework, reframe
if necessary.

The group as a whole reads through all the challenges and will
tries to rephrase the name of the skill set or give a short title if
necessary.

Total Duration:

90 minutes (finish by 16:00)

al




Appendix Ill. Competencies list

G. Papanikolaou

Competency Tier Competency Set Competency Topic No 40 - BIM Competency ltem Codes
Core competencies
Time managemant 88 Cope with time pressure 4:85;
Digital affinity 89 Interast and affinity to improve and acquire new digital skills 4:99;
speciality, overall Foundational Traits 90 Determination and patience with software related issues 4497
experience, market Problem solving aptitude 91 Take responsihility and be resourceful 4.87;
exposure, and project Effectiva team playar 92 Collaborate and communicate effectively with various types of personalities and backgrounds 4100;
experiance Situational Enablers Creativity 93
Qualifications & Licences
Historical Indicators
Domain Compatencies
Technical 1 Check if the file format of the 30 model can be used 417532
Software data import / export 2 Export schedule from different software 4:75:5:16
3 Use excelto export, manipulate and re-import data 531,
. v 4 Draw simpla 30 elemants and palyline paths in various 30 software 4:74:512:513;
3D Design Softiare 5 Subdivide 30 elements in external 30 software 474514
6 Recognise properties and user fields exist in a 30 model 01k
7 Allocate 30 resources on tasks in 40 BIfv! Software 21, 3:37; 518
8 Mavigate through the 40 BIM Software views 21, 3:37, 518
T ET——— _ 9 Create a schedule from scratch based on the 30 elements (40 BIM Softwara) 20, 3:37, 520;
generate 4D BIM project Basic 40 BIM Software Use 10 Create and export reports (animations + framas) 21, 3:37, 522,
Technical HelivaratIBajacrau diecigingg 11 Use 30 model user fields for smart filtering 4:62; 5:24;
and spacialitias 12 Create and use cutting planes 5:25;
13 Create and assign clear appearance profiles b:26;
14 Sat and modify relationships among the project tasks B:2;
15 Create make use of workspaces in 40 BIM Software 473, 4:34, 5:23
16 Compare schedule alternatives or progress in 40 BIM Software (haselines) 473
Advanced 4D BIM Software Use 17 Create 30 paths .in 4D BIM Software . . . 473 5:21:
18 Ensure "smart" visualisations that follow and explain precisely the construction process b:20: 5:27;
19 Ensure "smart" activity coding able to pravide information for levels, suppliers, ete. 5:30;
20 Use scripts within the 40 BIM software to improve working efficiency B:1:
21 Understand the 30 elements inthe model and request clarifications 421,422
Data evaluation and processing 22 Evaluate the 30 models interms of completenass based on the initial agreements 2:03;4:24
{Input) 23 Collect information regarding the initial schedule (Baseline 0) 416:4:29
24 |dentify major phases that may be missing in the initial schedule 214
25 Prepare and generate multiple typas of 40 BIM Deliverables 2:22:4:94
daily, hands-on individual efforts 26 Use 40 Binladel during meatings to provide information and stimulate decision making (based on data) 2:22:3:58
required to deliver a project or (ST IRV el AVES: 27 Use 40 Binadel during meatings to stimulate understanding of the project elements (navigate through the visualisation) 4:35:3:36
part/aspect of a project in 40 28 Use multiple 4D EIM outcomes during meetings (to keep notes, make adjustments, etc.) 3:38;
: BIMm 29 Present information in the 40 Bilodel in an understandable way for non-softwara users iclashes, design mistakes, etc.) 4:57:4:94: 4:84: 4:657
Operation 30 |dentify the structure of complex technical systems (break it down) 24 479
Construstion engineering basics 31 Identify the steps and the logical sequence of the construction process 2:5:3:30: &1
33 Report on hard clashes 24 4:80; 5:3
34 |dentify time dependad clashes - constructability reports 24 4:80; 54
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Competency Tier Competency Sat Competency Topic No 4D - BIM Competency ltem Codes
Operation 35 Ensure that all the components are included in the schedule and they are correctly linked with a task 350: 4:66
36 Develop the project planning in more detail. From overall task description to detailed tasks, step-by-step (LoD 2 --» LoD 3) 432, 4:81
Praject planning 37 Organise sessions to acquira more information from multiple specialists 4:26;
38 Interview spacialists about the project planning 4:30;
39 Identify inaccuracies, missing elements or impossible planning and raise early awareness 4:25; 4:66; 5:2
daily, hands-on individual efforts 40 Recognise when the construction starts differentiating fromthe planning 4:78:
raquired to deliver a project or 41 Keep track of the progress and time constraints and changes in the construction site 4:104;
part/aspect of a project in 40 Construction monitoring 42 Bealert and identify changes and progress in a construction site 27,
Dperation BIM 43 Confirmearly any inconsistency between the planning and the actual construction with the people in charge 215 4:27
44 Use the model to prepare client and team updates regarding the progress 447,
45 Agcess and use a changes management platformSoftware: Autodesk glue, et 225
IWModel updating 46 Acquire detailed information regarding changes, their urgency and priority 470 5:6; 5:7
47 Update the model whenever there are schedule/design changes orinconsistencies 431,
Functional 48 Initigte and run the validation loops (plan, organise and prepare meetings / sessions atc.) 212;4:36
. T 49 Facilitate and guide the meetings (keep order and time, coordinate, draw conclusions, summarize discussions) 4:80: 4:38
Validation and verification } X ) ) . )
50 Prepare forthe meetings and think of the interaction with the model during them 413:411:5:8
51 Ask the right questions in order to ensure accuracy and validity of the planning and the information in the model 2:11: 4:96;
52 Understand the work of different specializations, address everybody's expertise and contribution in the team goal 4:93:5:9;
Interdisciplinary collaboration 53 Coordinate work among different disciplines, provide all the necessary information and eliminate irelevant matter 492, 4:68
b4 Set and coordinate a netwark of different spacialists 4:33,4:15;4:39
hh Adjust the way of talking to address all different layers of the project organization 4:91;
non-technical, overall abilities Effective communication b6 Understand the technical terminology and jargon 26
needed to initiata, manage and 57 Gain credibility and build trust among the project stakeholders 4:95;
Functional deliver projects with the 58 Explain "why" (for each decision, change, action ...} 490
raquirement for 40 BIM 59 Validate data, filter the key information and distinguish the “signal” from "noise” {chacking) 510;
N B0 Translate data into warkable information {presenting) 210
Data visualisation o B -
61 Visualise technical structuras 476
62 Connect information, draw meaningful conclusions and present them in order to rationalise the decision making 4:65;4:71
63 Find out alternative solutions when there is lack of information 4:98:
Warking flexibility G4 Think on an analytical way: be able to switch between detailed information and headlines 4:85;
65 Evaluate time-wise the desired LoD and define accordingly the 4D BIM deliverahbles 29;
B0 Select the proper team management approach, for the team and the task to be performed B:3;
Standardization 67 Standardise the way of working and prepare templates 213
. 68 Discuss with managers ahout the lessons leamed after the completion of a project 4:47;
Knowledge sharing ) , .
69 Create manuals, roadmaps and floweharts regarding the way of warking with 40 BIM 23410
Coaching 70 Explain the way of working and coach new colleagues 4101, 2:28
71 Explain the henefits of 40 BIM in a tangible way to colleagues’ and partnars 381 348 4N
Influence 72 Adopt persuasive and convincing techniques ta talk about the 40 BIM tools to various management stakehaolders 472 4102: 4103
73 Initiate proactively the 40 BIM (Digital Construction) way of working instead of the "traditional planning” 472452411
Administration Inital agraaments 74 Analyse the contract and develop a 40 BIM requirements list 454, 477
day-to-day organizational 40 75 Megotiate and agree upon the 40 BIM deliverables with the invalved parties 4:54: 4106
BIM activities as raquired to 76 Outline the 40 BIM process for a project and describe precisely the needs for each of the process steps 4:105;4:108
[ | - magt and maintain strategic Process management 77 Define and agree with all parties the LoD appropriate for each of the different phases of the project 4:58;
Administration objactives 78 Make agreements of the information exchange and format for each of the process phases 4:108; 4:108

53



Competency Tier

N

Supportive

Managerial

Exacution Competencies

G. Papanikolaou

Competency Set Competency Topic No 4D - BIM Competency ltem Codes
Administration Information mining 79 Identify the information needs and their sources 284107
day-to-day organizational 40 B0 Understand the project hierarchy and reach the right people for information 214 4107
BIM activities as requirad to 81 Evaluate the nead and the effort for updating the model 4:86;
mest and maintain strategic Balance effort and impact 82 Understand the project scope and rationalise decisions based on it 217 482
objactives 83 Monitor reqularly the level of detail and decide on adding more activities or keeping less based on the initially agreed LoD 2:16; 4:64; 4:66
Supportive
ahilities needed to maintain
information and communication Competency set from BIM competencies framewaork that could not be identified for the specific 40 Bl competencies
technology systems supporting
40 BIM
Research & Development Genaral research and 84 Find out ways to optimise the procass and the way of working with 40 BIM 4:109;
ahilitios needed to evaluate devalopment 85 Explore new concepts and innovative ideas regarding 40 BINM implementation 32
existing 40 BIM procassas, Continuous learning 86 Adaopt and learn from scratch new digital tools 410:310: 39
investigate new solutions and Mg 87 Write simple eode lines / Know a programming language b1t
facilitata their adoption - within
the organization or by the larger
industry
Managerial
dacision-making abilities which
drive the selection/adoption of Competency set from BIM competencies framework that could not ba identified for the specific 40 BIM compatencies

long-term strategies and
initiatives regarding 40 BIM

ahility to use specific tools
and techniques to conduct
an activity or deliver a
measureahle outcome

Software Tools
Field Equipment
Vehicles
Techniques

Competency sets that have already included above as 40 BIM compatencies, due to the more technical narrowed down scope of the 40 BIM.

94
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Appendix IV. Detailed design on the training
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Information 40 BIM Software
management basics

For whom? Goal:
Employees who just start being Understand the 40 BIM tools and
involved in the 40 BIM process. processes. Manage information

that matters for 40 BIM.

Jie
I &S
Technical Operation Functional

@ [ce-breaking ]

Q Introduction ]
@ Recall ]
Comprehension ]
L= |

@ On-the-job Assignment }

universiTy oF TWENTE.  [IUINE & COOPER



Goal:
Reaching, refining and visualizing information that matters for the development of 40 BIM

[nformation
management

@ Ice-breaking - 15 min } @ Recall - 120 min ] Learning Objectives

-/

C icati . irs: \ / \ Visualize technical structures
ﬂmunma 100 game In pairs Mini Workshap Il (40 min):

Back-to-Back Drawing Technical Drawing

Identify the structure of complex

The participants divide into pairs. Each pair sits with tec systems (break them down)

their backs to one another. One person from each
partnership receives an image (shape or collection of
shapes depending on difficulty level wanted) to
describe to their partner who is given a pencil and a .
paper. Each partner must describe their shape(s) to ° B'reakl'nq F'”W",
their partners without actually telling them what the - Visualization tricks
shape is. Once pairs think they are done they may

\Tam images. / K\Try out while the facilitator is explaining /
@ Introduction - 10 min ] Learning Objectives Comprehension - 110 min ] Learning Objectives

Presentation Collect information regarding the Group Assignment: Identify major phases that may be
il e Information Mining Role Play Game missing in the initial schedule

Participants split in teams of three.
i ?
* Why do we need Information Management? \dent ses that may be Each member of the team gets a role (30 Expert,

A . ) ha Identify the steps and the logical
¢ What information should we acquire? #task missing [nthe initial schedule Information Expert, Visualization Expert) and the group gets sequence of the construction process
«  What do we do with the information? #process

the assignment:

. . . .
How do we do t? (Addressing the LO on the right) Wit i e e diya “Break down in smaller tasks a high-level schedule for one S T G et A T 5
reach the right people for information ) : g N and jargon
complicated technical element (e.q. gas station
«  Schedule of the day

installations). Use simple drawings to understand the steps Understand the work of different
-> Goal of the day

- Similar (/sequential) to Business drawing workshop
(based on the book: Visual Thinking)

- Easy ways you can visualize technical structures

of the construction. Use the given 30 model and the data Zzi:ﬁg’:;‘ﬁ;ﬁ;‘;’:ﬁ;:’el;ygl":‘{:am
-> Learning objectives you get from the available stakeholders.” goal

-> Assignments

Facilitators have the roles of the stakeholders contractor,

. | Reflecti . f , worker, lity and they can provide
ersonal Reflection Quiz \Tedge and datasets from their field. The teams hw

plan meetings with all of them in the available time.

8 Recall - 120 min ] Learning Objectives @ Assessment - 30 min }
Understand the 3D elements in the
qurkshups \ model and request c ations f \\
(Parallel mini-workshops of 40° for 3-4 participants Final Presentations

After each warkshop participants rotate until the ngn':fe‘fenessggggeo'; thetei;"‘:?a“’f )
complete all of them) P — e Each team presents the final results of the
assignment.
Mini Workshop 1 (40 min): * Participants give peer feedback and ask guestions
3D BIM Readiness * Experts give feedback and answer remaining
 Basic concept of BIM questions
* How can we understand if we can use a 30 model
(just 30 or 3D BIM)? Personal Reflection Quiz
*  What kind of information should we loak for in a
30 BIM model?  Training Evaluation Quiz

¢ Mini-assignment:
inen initial agreements > check the mudeu \\ /

@ Recall - 120 min
gWurkshnp 1 (40 min); \

Data Visualization

Dn-the-job assignment -1 month }

ﬂmn the initial 30 model for an ongaing prujen?\

Check yourself if it has the information that you
would need to start working on 40 - write down
which user fields you would need and for what
reason. Discuss with your team leader and check
your approach.

- Evaluate the sources of data

- Understand the data

- Make a story that will resonate with your audience

- Visualize: choose the right way to display your data
- make visible to the eye

- Decide the balance between beauty and function of
your data

- Be present at least in 2 different 4D validation
meetings: Try to prepare a simple drawing
explaining the structure on discussion. What
information da the 40 planner needs from the

- Mini assignment: make your story with the data people present? What data can he provide? Make a
\ﬁ and check it with your team leader. /
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Goal:

Information
management

Reaching, refining and visualizing information that matters for the development of 40 BIM

Evaluation Scheme

Module 1: Information Management

Goal: Reaching, refining and visualizing information that matters for the development of 4D BIM

Understand the 3D elements in the model and request clarifications

Evaluate the 3D models in terms of completeness based on the initial
agreements

Collect information regarding the initial schedule

|dentify major phases that may be missing in the initial schedule
|dentify the structure of complex technical systems (break them down)
Identify the steps and the logical sequence of the construction process

Understand the technical terminology and jargon

Validate data, filter the key information and distinguish the "signal" from
"noise” (checking)

Translate data into workable information (presenting)

Visualise technical structures

Understand the work of different specializations, address everybody's

expertise and contribution in the team goal
Understand the project hierarchy and reach the right people for

information

|dentify the information needs and their sources

Verbal Knowledge
Compilation
Compilation
Compilation
Compilation
Verbal Knowledge
Verbal Knowledge
Compilation
Compilation
Compilation

Cognitive Strategies

Knowledge

Organization
Knowledge

Organization

Declarative Knowledge
Composition
Proceduralization
Composition
Composition
Declarative Knowledge
Declarative Knowledge
Proceduralization
Composition
Composition
Self-insight

Mental Models

Mental Models

Cognitive Outcomes
Skill-based Outcomes
Skill-based Outcomes
Skill-based Outcomes
Skill-based Outcomes
Cognitive Outcomes
Cognitive Outcomes
Skill-based Outcomes
Skill-based Outcomes
Skill-based Outcomes
Cognitive Outcomes
Cognitive Outcomes

Cognitive Outcomes

Power tests
(Accessibility of knowledge)
Hands-on testing
(Chunking)

Hands-on testing
(Discrimination)

Hands-on testing
(Generalization)

Hands-on testing
(Chunking)

Speed tests

(Speed of knowledge)
Recognition and recall tests
(Amount of knowledge)
Hands-on testing

(Error rates)

Hands-on testing

(Fluidity of performance)
Hands-on testing

(Fluidity of performance)
Self-report measures
(Self-awareness)

Structural assessment
(Similarity to ideal)
Structural assessment

(Interrelationships of elements)
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SYNCHR Goal:
40 BIM Saftware Performing simple 40 BIM software tasks, understanding the software logic and learning fast
[ new software tools, buttons and procedures

@ Ice-breaking - 5 min ] @ Recall - 90 min ] Learning Objectives
\ Recognize properties and user fields
Make your team mascot and explain your 4D BIM existina 3D model

learning goal of the day!

Presentation (30 min)

«  Solution of Individual Assignment
 Introduction to user fields and filtering
 Explanation and instructions of assignment:
- What do you have to do
- What do you get
- Requirements and clarifications
* Facilitator quickly goes through the steps required
for the group assignment during the presentation.

Q Introduction - 15 min ] Learning Objectives Comprehension - 120 min ] Learning Objectives

ﬁsentatiun \ Find out altemative solutions when Group Assignment: <l v FE s (EramEn
there is lack of information Frepare a 4D Model

In about 10 minutes, the group needs to create a 3D
mascot. To do so, each of the team members pick a
set of two objects form the warming-up kit envelope.
They need to collaborate to create their 30
representation of the mascot. Starting from someone
every participant comhines their two objects in the
team mascot why they try to explain link of their
object with their (learning) goal of the day.

* Whatis 4D BIM? #task N - Discuss with managers about the Partici lit i f 2. Each .

»  What does the company do with the new digital lessons leamed after the completion articipants split in groups of 2. kach group receives Allocate resources in 4D BIM Software
tools? (Learning mindset) #process of a project areal case 30 Model imported in 4D BIM software.

« Why do we really do it? The model has all the relevant task lines, appearance

+ How: do we do it? (Addressing the LO on the right) ’;I“;tf’atl jggls'ea'" from scratch new pruﬁle.s and 30 resuurues. It is the task of the . Erfer::easr;d export reports (animati

participants to link correctly the 3D resources with

Schedule of the day the tasks and the appearance profiles as well as to

> Goal of the day link correctly the tasks in a coherent schedule of e DT

-> Learning objectives activities and export an animation and a construction correctly linked with a task

- Assignments scenario book (frames). Filters based on 30 user

wsunal Reflection Quiz / fields should be used and at least 2 cutting planes

should be created.
@ Recall - 90 min Learning Ob
ﬁentatiun (15 min): \ VoS rouEh the 4D BN Softuare /
F

Software Introduction inal Presentations

®

Assessment - 30 min }

~

- . Set and modify relationshi 3
Brief explanation about: P S ETY . Each team presents the final results of the
« the synchro Interface assgl?ment. - .
« the synchro main entities (30 - resources - tasks) ] * Participants give peer feedback and ask questions
E:g‘i,t:sa”dass'g"de“a”pea”"” * Experts give feedback and answer remaining
Teams receive a step-hy-step guide (print screens questions

with indicated clicks) with the steps required for
delivering the assignments. Facilitator quickly goes Createand use cutting planes
through the steps required for the individual

Training Evaluation Quiz

tsignment during the presentation. /

@ Recall - 90 min ] Learning Objectives @ On-the-job assignment — 1 month J
Create a schedule f tchbased / : : ; : \
ﬁividual Assignment (45 min): \ on the 3D elements (baseline0) Practice your basic synchro skils (user fields,

resource allocation) on one of the existing
projects, ask for feedback search new solutions.

Personal Reflection Quiz

Create a schedule based on the 3D elements

Each participant receives a very simplified 30 BIM
model already imported in the 40 BIM software. 30
Resources are grouped therefore tasks can easily be
created directly from the 30 model. Participants should
link the tasks (FS relationships only), create and
allocate properly 3 appearance profiles (steel -
concrete — temporary transparency).

\ / \ Y,

¢ Complete the SYNCRHO PRO FUNDAMENTALS course
online and get certified online by Syncrho Academy.

Technical Operation Functional
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Goal:

4[) BIM Software
f— new software tools, buttons and procedures

Perfarming simple 40 BIM software tasks, understanding the software logic and learning fast

Evaluation Scheme

Module 2: 4D BIM software basics

Goal: Performing simple 4D BIM software tasks, understanding the software logic and learning fast new software tools, buttons and procedures

Recognise properties and user fields exist in a 3D model

Allocate 3D resources on tasks in 4D BIM Software

Navigate through the 4D BIM Software views

Create a schedule from scratch based on the 3D elements (baseline 0)
Create and export reports (animations + frames)

Use 3D model user fields for smart filtering

Create and use cutting planes

Create and assign clear appearance profiles

Setand modify relationships among the project tasks

Ensure that all the components are included in the schedule and they
are correctly linked with a task

Find out alternative solutions when there is lack of information

Discuss with managers about the lessons leamed after the completion
of a project

Adopt and learn from scratch new digital tools

Compilation
Compilation
Compilation
Compilation
Compilation
Compilation
Compilation
Compilation
Compilation
Compilation
Attitudinal

Attitudinal

Motivation

GOUNG & COOPER ‘ UNIVERSITY OF TWENTE.

Proceduralization
Proceduralization
Proceduralization
Proceduralization
Proceduralization
Proceduralization
Proceduralization
Proceduralization
Proceduralization
Proceduralization
Attitude Strength
Targeted Object

Self-efficacy

Skill-based Outcomes

Skill-based Outcomes

Skill-based Outcomes

Skill-based Outcomes

Skill-based Outcomes

Skill-based Outcomes

Skill-based Outcomes

Skill-based Outcomes

Skill-based Outcomes

Skill-based Outcomes

Affective Qutcomes

Affective Qutcomes

Affective Qutcomes

Hands-on testing

(Fluidity of performance)
Hands-on testing

(Error rates)

Hands-on testing

(Fluidity of performance)
Hands-on testing

(Speed, Quality of performance)
Hands-on testing

(Quality of performance)
Hands-on testing

(Fluidity of performance)
Hands-on testing

(Quality of performance)
Hands-on testing

(Error rates)

Hands-on testing

(Error rates)

Hands-on testing

(Quality of performance)
Self-report measures
(Accessibility, Centrality, Conviction)
Self-report measures

(Attitude Direction)

Self-report measures

(Mastery VS Performance orientations)



Verification and 40 Progress
validation with 40 monitoring

Advanced Scheduling
40 BIM in 4D

For whom? Goal:
Employees working within a team Ability to prepare and use
developing and using 40 BIM different 40 BIM deliverables
outcomes. through the design and

construction phase of a project.

Q.
-
Functional R&D

[ce-breaking ]

@ Introduction ]

EQ Application ]
@ Analysis ]

@ Assessment ]
@ On-the-job Assignment }

L
Technical
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Advanced

Goal:
g Performing advanced software tasks and standardizing the 40 BIM way of working }

@ [ce-breaking - 5 min } Applicatiun - 90 min ] Learning Objectives
/ R \ / \ Create and use workspaces in 4D BIM
[/ Superlatives Game: W software

‘ Presentation (15 min) ‘

The group is divided in team of 5-6 people. The goal
of the game is to re-order themselves as quickly as Introduction to: Create 3D pat D BIM Software
possible. Some examples are: « Workspaces and clash detection

« 30 paths

- From shortest to tallest - how many letters are in
your first name

- From farthest away to closest - birthplace

- From least to most - how many brothers and
sisters you have

- Shortest to tallest - height ] | |

- / . /

@ Introduction - 10 min ] Learning Objectives Analysis - 140 min ] Learning Objectives

/Presentatiun . . Create and use workspaces in 4D BIM
/ \ follow and explain pre Eruup Assmnment. Software
[ construction process [ \
*  Why 40 BIM excellence? Create Workspaces and 3D Paths
y -

Facilitator quickly goes through the steps required for
the group assignment during the presentation.

«  What is a "smart" 4D BIModel? #task

* What is the coupling between agile concept and
4D BIM (standardization, optimization) #process

* How: do we doit? (Addressing the LD on the right)

Based on the same model (Individual Assignment). Create 3D paths in 4D BIM Software
In groups of 4, participants have to prepare and
] B e R e s present to the client two different solutions for full

2ndielvavciivornel i DE weekend planning that takes into account restrictions
Schedule of the day p 9

> Goal of the da on the amount of people working in one space and
) gay (B0 LY G el e workspace clash detection based on the moving path
-> Learning objectives ideas regarding 4D BIM X
X implementation of cranes. The get as an input the amount of people
—> Assignments ) . )
working on site per day from each of the suppliers and
\\\Persunal Reflection Quiz /" the working schedule of the cranes.

- /

Appl'catinn - 90 min Learning Objectives @ Assessment - 30 min ]

Use scripts within the 4D BIM / \
Presentation (15 min) software to improve working [ \

efficiency Final Presentations

Itroduction to (EaieE sdisi il Cell i e * Each team presents the final results of the
- Syl'll:hr[l Scripting progress in 4D BIM Software

. . . (baselines) assignment.
- Baselines and alternative scenarios * Participants give peer feedback and ask questions

* Experts give feedback and answer remaining

Teams receive a step-by-step guide (print screens questions

with indicated clicks) with the steps required for

delivering the assignments. Facilitator quickly goes * Personal Reflection Quiz
through the steps required for the individual

assignment during the presentation. « Training Evaluation Quiz

. - . J

B, e e Qe T

7 ) Use scripts within the 4D BIM \ Standardize the way of working and
. . . software to improve working [+ Be the responsible 4D planner for one of the W (T (S
[ Individual Assignment (60 min): W efficiency rojects
Estimate Durations & Present Alternatives Create manuals, roadmaps and
Compare schedule alternatives or . . flowcharts regarding the way of

Participants work on the model they prepared in the e * Prepare a 40 BIM project template / manual / script | working with 4D BIM

previous module (on which tasks are already linked with S for one of the 40 BIM software processes that are

30 resources and allocated to appearance prafiles). The required for your work (estimating quantities,

are requested to estimate all of the task durations exporting reports, creating 30 paths, etc...) for

based on the material quantities for each task. They your future colleagues.

receive an excel sheet with the estimations. They have
to present and compare two different scenarios of
planning in Synchro. applying an optimization by running

@activities in parallel. / \ J

Technical Operation
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Advanced
40 BIM

Goal:

Performing advanced software tasks and standardizing the 40 BIM way of working

Evaluation Scheme

Module 3: Advanced 4D BIM

Goal: Performing advanced software tasks and standardise the 4D BIM way of working

Create and use workspaces in 4D BIM Software

Compare schedule alternatives or progress in 4D BIM Software

(baselines)
Create 3D paths in 4D BIM Software

Ensure "smart" visualisations that follow and explain precisely the

construction process

Ensure "smart" activity coding able to provide information for levels,

suppliers, etc.

Use scripts within the 4D BIM software to improve working efficiency

Standardise the way of working and prepare templates

Create manuals, roadmaps and flowcharts regarding the way of working

with 4D BIM

implementation

BIM

Explore new concepts and innovative ideas regarding 4D BIM

Find out ways to optimise the process and the way of working with 4D

Compilation
Compilation
Compilation

Compilation

Knowledge
Organization

Compilation
Cognitive Strategies
Compilation
Motivation

Motivation

Proceduralization
Proceduralization
Proceduralization
Composition
Mental Models
Proceduralization
Self-insight
Composition
Self-efficacy

Self-efficacy

Skill-based Outcomes
Skill-based Outcomes
Skill-based Outcomes
Skill-based Outcomes
Cognitive Outcomes
Skill-based Outcomes
Cognitive Outcomes
Skill-based Outcomes
Affective Qutcomes

Affective Qutcomes

Hands-on testing

(Fluidity of performance)
Hands-on testing

(Fluidity of performance)
Hands-on testing

(Fluidity of performance)
Hands-on testing

(Error rates, Quality of performance)
Structural assessment

(Similarity to ideal)

Hands-on testing

(Fluidity of performance)
Probed protocol analysis

(Self-awareness)
Hands-on testing

(Generalization)
Self-report measures

(Perceived Performance Capability)
Self-report measures

(Perceived Performance Capability)
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Scheduling
in 40

@ Ice-breaking - 10 min

,,/Spaghetti and marshmallow challenge

Teams of 4:

20 sticks of dry spaghetti
one meter of string

one meter of tape

one marshmallow

Goal: To build the tallest tower possible in 18 minutes
that will support the marshmallow.

Success: kinder garden students (prototyping),
engineers + architects (specialized knowledge),

CED with executive admin (facilitation skills)

~

duction - 10 min

@ Intro

/" Presentation AN

\Persnnal Reflection Quiz 4

»  Why direct scheduling in 4D BIM software

» What is the challenge of coordinating work of
different disciplines #task

» What is the role of the company as a scheduling
partner #process

*  How: do we do it?

Schedule of the day
- Goal of the day

-> Learning objectives
-> Assignments

Goal:

Developing a highly detailed construction schedule in 40 BIM

App’nat'nn - 80 min

,/Wurkshup (40 min):
| MECE Approach

What is MECE approach
How it works?
How do you use it when scheduling in 40?

Mini-assignment: Change a non-MECE breakdown
structure in order to follow the MECE principle.

N

Think on an analytical way: be able to
switch between detailed information

and headlines

cation - 80 min

Apui

S

LY
&S

Operation

,//Wnrkshnp (40 min)

print Approach
What is the sprints approach
How it works?

How do you use it when scheduling in 4D?

Mini-assignment: Prepare a sprint schedule for
detailing a 4D model from level 2 to level 3.

N

Functional

e sessions to acquire m

tion from multiple speci

J Learning Objectives

Appicatinn - 80 min

| Presentation (20 min) \
Topic: Clashes
 Hard clashes and soft clashes
« Constructability reports
¢ Useful tips - lessons learned
Analysis - 140 min
’//I":‘}uup Assignment; R \\\

/

\

N stakeholders.

Impossible Planning

Participants are given a 40 model with an impossible
planning. Every team has to identify what is
impossible (hard clashes, time depended clashes,
stakeholder and regulation requirements.

Facilitators have different roles (client, power
supplier, contractor) and teams have to set and run
a meeting with each of them (30min) during which
they gather input to resalve the planning.

They have to come up with a solution and prepare
the meeting outline for presenting it to the

/

Learning Objectives
] @ Assessment — 30 min }

Final Presentations

« Each team presents the final results of the
assignment.

« Participants give peer feedback and ask questions

« Experts give feedback and answer remaining
guestions

*  Personal Reflection Quiz

¢ Training Evaluation Quiz

On-the-job assignment - 1 month }

g N

/ N\
/

Work in one of the on-going projects that is current
in the planning phase. Apply what you have learned.

Discuss about your questions and lessons learned
with your team leader.

Report on hard clashes

Identify time depended clashes -
constructability reports

Identify inaccuracies, rr g
elements or impossible planning and

g different
pl the necessary
information and eliminate irrelevant
matter
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Goal:

Scheduling
in 40

Developing a highly detailed construction schedule in 40 BIM

Evaluation Scheme

Module 4: Scheduling in 4D

Goal: Developing a highly detailed construction schedule in 4D BIM

Report on hard clashes Verbal Knowledge

Identify time depended clashes - constructability reports Verbal Knowledge

Develop the project planning in more detail. From overall task description

Verbal Knowledge
to detailed tasks, step-by-step (LoD 2 --> LoD 3) wiedg

Organise sessions to acquire more information from multiple specialists  Cognitive Strategies

Interview specialists about the project planning Verbal Knowledge

Identify inaccuracies, missing elements or impossible planning and raise
early awareness

.Coordlne?te work amgng dlfferent disciplines, provide all the necessary Verbal Knowledge
information and eliminate irrelevant matter

Think on an analytical way: be able to switch between detailed
information and headlines

Verbal Knowledge

Cognitive Strategies

Declarative Knowledge
Declarative Knowledge
Declarative Knowledge
Self-insight

Declarative Knowledge
Declarative Knowledge
Declarative Knowledge

Metacognitive skills

Cognitive outcomes
Cognitive outcomes
Cognitive outcomes
Cognitive outcomes
Cognitive outcomes
Cognitive outcomes
Cognitive outcomes

Cognitive outcomes

Recognition and recall tests
(Amount of knowledge)
Recognition and recall tests
(Amount of knowledge)
Recognition and recall tests
(Amount of knowledge)
Probed protocol analysis
(Self-regulation)
Recognition and recall tests
(Amount of knowledge)
Speed tests

(Speed of knowledge)
Recognition and recall tests
(Amount of knowledge)
Probed protocol analysis
(Self-requlation)
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'.v” Goal:

Using properly the 40 BIM outcomes for validation and verification of the construction
planning

Verification and
validation with 4D

T ) T ]

45, but... / Yes and... Game \ ,(fﬂ”ﬂ Assignment: \ HREare

/[ \ [ . . \
[ | Prepare a V&V meeting with 4D
Participants in groups of two have a short-talk about a Present information with the help of
. . the 4D BIModel in an understandable
vacation plan (dream trip): - Participants receive a complete 4D BIM Model of way for non-software users (clashes,
- Participant A shares with B where they should go an on going company project,
- Participant B respond with "Yes, BUT..." and a critic - The have to prepare a V& meeting outline and
P . the interaction with the model during
to the destination generate relevant 4D BIM output for use during them
- Participant A defend his/her choice with "Yes, BUT..." the meeting.

- Each group has different stakeholders as targeted
participants for the meeting (installations
company, contractor, crane operator). And they

After two minutes Participant B shares his/ her vacation
destination. Now, the response should be, "Yes, AND..."

| Discuss shortly: How did it feel in each case? What ) ha‘{e_t!’ verify the sequence and duration of
@utions came up? What is usually your approach? / \ activities. /

@ Introduction - 15 min ] @ Assessment - 30 min J
’/ﬁ;;sentatinn \\ / \

/ Final Presentations \
Why V&V with 40BIM?

e What is the goal of V& meetings #task * Each team presents the final results.
*  What 4D BIM can offer for V&V #process  Discussion of the meeting outlines with the group:
e How: do we doit? - What are the main differences between the

targeted stakeholders?
* Participants give peer feedback and ask questions
* Experts give feedback and answer remaining
questions

Schedule of the day
-> Goal of the day

-> Learning objectives
-> Assignments
Personal Reflection Quiz

Personal Reflection Quiz

\ / ¢ Training Evaluation Quiz
o /

Applicat'nn - 40 min ] Learning Objectives

@ On-the-job assignment - 1 month J
/W;rkshup (ZEmin) \ Connect information, draw meaningful

/" Way of working - Meetings Coordination Nl corclusions and present them in order /' Improve and run the meeting you prepared with the
‘ | project stakeholders.

- Asking the right questions
- Coordinating a meeting discussion
- Preparing a meeting agenda, keeping track of time

« Discuss with the team leader the experience and

- the learning effects.
Facilitate and gui

- Addressing participants expertise, eliminate (keep order a
. draw conclusions, summarize
irrelevant matter discussions)

- Mini-assignment: Participants are given a 2 hours

. . . Adjust the way of talking to address all

meeting agenda and a list of the meeting different layers of the project
participants with their disciplines and their CENIERER
characteristics. They have to come up with Ask the right question:

ensure accuracy and vali

\\ questions addressing to each of them in urderty"‘ e oY I Ay
_ achieve the meeting goals within time. model

Applicatinn - 40 min ] Learning Objectives

,/Presentatiun (15 min): NI s <0 6iModel d tings 0
' Way of working 4D BIM during meetings \
Use 4D BIModel during meetings to

. . . stimulate und ding of the project
- Types of interaction with the 40 BIM models elements (navigate through the
- Steps for the correct preparation and use of the visualization)

model during a meeting

adjustments, etc.)

S|
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"v" Goal:

Verification and

validation with 4D planning

Using properly the 40 BIM outcomes for validation and verification of the construction

Evaluation Scheme

Module 5: Verification and Validation with 4D

Goal: Using properly the 4D BIM outcomes for validation and verification of the construction planning

Prepare and generate multiple types of 4D BIM Deliverables Automaticity
Use 4D BIModel during meetings to provide information and stimulate i
- . Compilation
decision making (based on data)
Use 4D BIModel during meetings to stimulate understanding of the Compilation
project elements (navigate through the visualisation)
Use multiple 4D BIM outcomes during meetings (to keep notes, make .
) Compilation
adjustments, etc.)
Present information with the help of the 4D BIModel in an Compilation
understandable way for non-software users (clashes, design mistakes,
Connect information, draw meaningful conclusions and present them in .
Compilation

order to rationalise the decision making
Initiate and run the validation loops (plan, organise and prepare

meetings / sessions etc.)
Facilitate and guide the meetings (keep order and time, coordinate, draw

conclusions, summarize discussions)
Prepare for the meetings and think of the interaction with the model

during them

Cognitive Strategies
Compilation

Cognitive Strategies

Ask the right questions in order to ensure accuracy and validity of the  Knowledge
planning and the information in the model Organization
Adjust the way of talking to address all different layers of the project Attitudinal

organization

Tuning

Composition
Composition
Composition
Composition
Composition
Self-insight
Proceduralization
Metacognitive skills
Mental Models

Targeted Object

Skill-based Qutcomes
Skill-based Outcomes
Skill-based Outcomes
Skill-based Outcomes
Skill-based Outcomes
Skill-based Qutcomes
Cognitive outcomes

Skill-based Outcomes
Cognitive outcomes

Cognitive Outcomes

Affective Qutcomes

Hands-on testing
(Embedded measurement)
Hands-on testing
(Fluidity of performance)
Hands-on testing
(Fluidity of performance)
Hands-on testing
(Fluidity of performance)
Hands-on testing
(Fluidity of performance)
Hands-on testing
(Generalisation, Discrimination)
Probed protocol analysis
(Self-regulation)
Hands-on testing
(Fluidity of performance)
Probed protocol analysis
(Self-regulation)

Free sorts

(Similarity to ideal)
Self-report measures
(Attitude strength)
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AD Progress
monitoring

@ [ce-breaking - 5 min

,/” - \
/" Introduction game:
Repeat the move

Participants stand in a circle in order to be able see
each other. First the facilitator, says his/her name
followed by a confident single move of his/her bady.
One-by-one all members have to do the same after
they repeat first all the previous names-moves in the
right order.

@ Introduction - 10 min

/" Presentation

«  Why progress monitoring with 4D BIM?

*  What? Current practice regarding progress
monitoring #task

»  What? Future of the progress monitoring #process

* How: do we doit?

Schedule of the day
- Goal of the day

-> Learning objectives
-> Assignments

\. Personal Reflection Quiz

@Appcafuﬂ - 40 min

S .

Presentation (10 min)

Way of warking with 40 BIM

¢ Change management and 40 BIM

« Good practices - common mistakes in progress
monitoring

«  Preparing an update for a client / site team /
management with 40 BIM

Critical points for future developments
(why people will be replaced by robots?)

e ()

@App'nat'un ~ 40 min

‘ / Group Assignment (20 min)

Participants split into groups. Each group gets the 40
model of a real project with the schedule baseline and
the status information updated 2 weeks ago.

They have to prepare a 3 min presentation in order to
update a client / site team / management team (each
team different audience).

Feedback - Discussion Round (10 min)

» Each team presents the final results of the

assignment (2 min presentation + 3 min questions) |

* Experts and other participants give feedback )
\ e

i}
&S

Operation

Goal:
Using the 40 BIModel for monitoring the construction process.

Analysis - 110 min }

“/Wurkshup (80 min):
Dn-site progress surveying

Learning Objectives

Be alert and identify changes and
progress in a construction site

Keep track of the progress and time

The participants visit the project given in the constraints and changes in the

assignment previously

construction site

]

With the help of the facilitators they observe changes
and they document the current progress of the work

Individual Assignment (30 min)
Up - to - date 4D Model

Each participant has to update individually the given 40
BIM model based on the current status of the
\ construction works, then, they need to export a report. /

@ Assessment - 30 min

/ AN

Feedback - Discussion

* Personal feedback is given to each of the
participants and they have the opportunity to
resubmit their assignment to be evaluated later

* Participants ask questions

* Experts give feedback and answer remaining
guestions

* Personal Reflection Quiz

¢ Training Evaluation Quiz

On-the-job assignment — 1 month

/~ AN

/ \
Recognize when the construction / . )
starts differentiate from the planning [ SEETCI’I an present a tE‘DhI’II]lDIJIEEl tl]l]l /fUtUI’E \

development for process monitoring and make a

Confi

early any incons
between the planning
construction with the people in charge

presentation for a company update:

e What are the benefits?

«  What should being further developed?

¢ Costs involved?

¢ What should change in the current practice to
facilitate the future development?

[ e

Use the model to prepare clientand
team updates regarding the progress
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Evaluation Scheme

Module 6: 4D Progress Monitoring

AD Progress
monitoring

Goal:

Using the 40 BIModel for monitoring the construction process.

Goal: Using the 4D BIModel for the monitoring the construction process

Recognise when the construction starts differentiating from the planning Compilation

Keep track of the progress and time constraints and changes in the

construction site

Be alert and identify changes and progress in a construction site

Confirm early any inconsistency between the planning and the actual

construction with the people in charge

Use the model to prepare client and team updates regarding the

progress

Update the model whenever there are schedule/design changes or

inconsistencies

Compilation
Automacity
Cognitive Strategies
Compilation

Cognitive Strategies

GOUNG & COOPER ‘ UNIVERSITY OF TWENTE.

Composition
Proceduralization
Automatic processing
Self-insight
Composition

Self-insight

Skill-based Outcomes
Skill-based Outcomes
Skill-based Outcomes
Cognitive Outcomes

Skill-based Outcomes

Cognitive Outcomes

Hands-on testing
(Speed of performance)
Hands-on testing
(Fluidity of performance)
Hands-on testing
(Secondary Task Performance)
Probed protocol analysis
(Self-awareness)
Hands-on testing
(Fluidity of performance)
Probed protocol analysis
(Self-awareness)



40 BIM Process 40 BIM
Management ETI

For whom? D Goal: \
Experienced 40 BIM employees Ability to outline the 40 BIM process
responsible to lead, consult and and needs, solve any related

coach project teams. Y, problems and coach employees on

their 40 BIM related develupments./

Technical Operation Functional Implementation

@ Preparation (On-the-job) ]

@ Ice-breaking ]
Q [ntroduction ]

hesis ]

Assessment ]

@ On-the-job Assignment }
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Goal:
Using multiple software tools in order to solve issues between 30 models, schedules and 40
BIM. Coding simple lines for data manipulation and future development purposes

PR Use excel to export, manipulate and
Prepare a mini-workshop (40 min) :’;g‘ls':';pt(‘m m"'l?-
ata graphs

In one of the following topics: N »
« Facilitated by one of the participants

+ File types, software workflow & basic scripts for * How to prepare data graphs in 4D BIM software.
linking 4D BIM, excel and databases  Which information can be relevant and how the
results can be used?
40 BIM data graphs * How can we import and export data to/from excel
sheets?
3D Software basics Mini - assignment: Prepare graphs in 40 BIM

software and present their results.

3D elements and polyline

Presentation Workshop (40 min): 3D software

30 Software basics
o Why getting familiar with different software?

*  What are the software tools in the company « Facilitated by one of the participants

tnnlhn'x'? #task ) * Which are the most important commands in 30
»  What is the role of each software tool in a software?

40 BIM project? #process
*  How: do we do it?

Subdivide 3D elements in external 3D
software

* How you can easily open afile break an element
into smaller, save, export and re import in 40

Schedule of the day BIM?

- Goal of the day « Differences between 30 software.

-> Learning ohjectives ¢ Mini-assessment: Practical example for
-> Assignments practicing the above skills.

Personal Reflection Quiz

Presentation Individual Assignment:

«  Why getting familiar with different software? From Task lines and 30 to 4D BIM

« What are the software tools in the company

Participants are provided with a 30 Revit model and
toolhox? #task

excel schedules from different suppliers /

* What is the role of each software tool ina contractors (in different software: excel, PG, etc)
4D BIM project? #process and they have to combine and import them in 40 BIM
¢ How: dowe doit? software and prepare the environment, in order for
one of their colleagues to start working on the 40
Schedule of the day BIModel.

- Goal of the day
-> Learning objectives
-> Assignments

Personal Reflection Quiz

Feedback - Discussion
Check if the file format of the 3D

model can be used

/ /Wnrkshnp (40 min): AN
[ File types, software workflow & basic scripts for
linking 4D BIM, excel and databases

\ - *  Personal feedback is given to each of the
participants and they have the opportunity to
wiRdilzere ives /e resubmit their assignment to be evaluated later

programming language .
* Facilitated by one of the participants  Participants ask questions

*  What are the different type files used in the 40 « Experts give feedback and answer remaining
BIM process. questions

* How do you set up initially a 40 BIM model (import * Personal Reflection Quiz
schedule + 30, create resources) * Training Evaluation Quiz

 Basic scripts for linking 40 BIM, excel and
databases

*  Mini - assignment: prepare the initial set-up and
files workflow of a 40 BIM model.

A / *  Practice and re-submit your assignment in order to

get a better grade.
*  Practice creating graphs in 4D BIM software for one
of the on-going company projects.
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Goal;

Evaluation Scheme

Check if the file format of the 3D model can be used

Export schedule from different software

Use excel to export, manipulate and re-import data

Draw simple 3D elements and polyline paths in various 3D software
Subdivide 3D elements in external 3D software

Write simple code lines / Know a programming language

Automacity
Compilation
Compilation
Compilation
Compilation

Compilation

GOUNG & COOPER ‘ UNIVERSITY OF TWENTE.

Automatic processing
Proceduralization
Proceduralization
Composition
Proceduralization

Composition

Skill-based Outcomes

Skill-based Outcomes

Skill-based Outcomes

Skill-based Outcomes

Skill-based Outcomes

Skill-based Outcomes

Using multiple software tools in order to solve issues between 30 models, schedules and 40
BIM. Coding simple lines for data manipulation and future development purposes

Hands-on testing

(Secondary Task Performance)
Hands-on testing

(Fluidity of performance)
Hands-on testing
(Fluidity of performance)
Hands-on testing
(Fluidity of performance)
Hands-on testing

(Fluidity of performance)
Hands-on testing

(Fluidity of performance)



Goal:
w Outlining the complete 40 BIM process, making agreements and influencing all parties
involved regarding the adoption of 40 BIM

A shrinking vessel ;

Using a rope, the facilitator makes a shape on the
floor that every participant can fit into. Slowly shrinks
the space over a time period of 2 minutes.
Participants should together to figure out how to
keep everyone within the shrinking houndaries.

“Technological innovation and disruption are
happening faster than ever before. People, teams,
and organizations in construction have to learn how
to adapt and transform so they can stay on top.”

Presentation

*  Why digital transformation with 40 BIM?

*  What are roles of a 40 Planner #task

*  What is the role of others in the development of
4D BIM (why you cannot do it alone? #process

* How: dowe doit?

Schedule of the day
-> Goal of the day

-> Learning objectives
-> Assignments

Personal Reflection Quiz

" Workshop 1 (30 min)
Way of working: The 4D BIM Process

How does the 4D BIM process couple with the current
tendering and construction phases followed by the
company? 40 BIM process flowchart is presented and
discussed.

Practice: Draw the information exchange needs on
the 40 BIM process flowchart. Participants receive a
4D BIM process flowchart and they have to draw the
necessary input and output for each phase.

Workshop 2 (40 min):
Motivational Speaking / Storytelling

«  Storytelling / Motivational speaking secrets and
technigues

«  Structure

*  Body language

Functional Administration

Outline the 4D BIM process for a
project and describe precisely the
needs for each of the process steps

Define and agree with all parties the
LoD appropriate for each of the
different phases of the project

Make agreements on the information
exchange and format for each of the
process phases

Storytelling regarding 4D BIM use and
benefits in a tangible way to
colleagues' and partners

Adopt persuasive and convincing
techniques to talk about the 4D BIM
tools to various management
stakeholders

Initiate proactively the 4D BIM (Digital
Construction) way of working instead
of the "traditional planning"

Set and coordinate a network of
. different sp sts
Group Assignment:
4D BIM Process plan for new contract
Understand the project scope
. o rationalise decisions based on
Participants split into teams and they have to perform
the following assignment: Read the contract for a new
: ’ Analyse the contract and develop a 4D
project of the company and derive the 4D BIM B|M¥equi,emems list P
requirements, set a 40 BIM process plan (with tasks,

roles and deadlines) and set a first steps plan

) .. o Negotiate and agree upon the 4D BIM
(meetings, participants and goals for each meeting) in deliverables with the involved parties

order initiate the 40 BIM process.

Final Presentations

* Each team presents the final results of the

assignment.
* Particip give peer feedback and ask g
* Experts give feedback and answer remaining
questions

« Personal Reflection Quiz

« Training Evaluation Quiz

On the 40 BIM flowchart imagine and draw a future C&C
activity (based on 4D) and prepare a presentation about
it for your team (way of working, skills required, desired
results).

Or

Prepare and give a speech about the 40 BIM way of
waorking in C&C for university students.
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Goal:
w Outlining the complete 40 BIM process, making agreements and influencing all parties
involved regarding the adoption of 40 BIM

Evaluation Scheme

lSet and coordinate a network of different specialists Cognitive Strategies ~ Metacognitive skills Cognitive Outcomes Probed protocol analysis
(Self-awareness)
Storytelllngl regarding 4D BIM use and benefits in a tangible way to Compilation Composition Skillbased Outcomes Haqd§-on testing
colleagues' and partners (Fluidity of performance)
Adopt persgaswe and convincing techniques to talk about the 4D BIM Compilation Composition Skill-based Outcomes Hang-on testing
tools to various management stakeholders (Fluidity of performance)
!nmate proacn:/ely t.h_e 4DBIM ([_J|g|“tal Construction) way of working Motivation Goal setting At G Self-report measures .
instead of the "traditional planning (Level of goals, Complexity of goal structures)
) i I o ) Hands-on testing
Analyse the contract and develop a 4D BIM requirements list Compilation Proceduralization Skill-based Outcomes (Chunking)
unkinc
Neggtlate and agree upon the 4D BIM deliverables with the involved Motivation Motivational disposition |Affective Outcames Self-repgrt measures . .
parties (Appropriateness of orientation)
QOutline the 4D BIM process for a project and describe precisely the Compilation Proceduralization Skillbased Outcomes Hands-o_n te§tlng -
needs for each of the process steps (Generalisation, Discrimination)
Make agreements on the information exchange tasks and format in each Knowledge » Structural assessment
R Mental Models Cognitive Outcomes L )
of the process phases Organization (Similarity to ideal)
. L - . i - " Hands-on testing
Understand the project scope and rationalise decisions based on it Compilation Composition Cognitive Qutcomes o T
(Generalisation, Discrimination)
Dgﬂne and agree with all p.ames the LoD appropriate for each of the Compilation Composition Skill-based Outcomes Han_d_s-on testing
different phases of the project (Fluidity of performance)
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Goal;

Argumentation battle game.

The group is divided in 2 teams. There is a
controversial topic to discuss (e.q. the statement;
"Nuclear Power Plants will secure a sustainable
future for Europe”). Participants flip a coin in order to
decide which team will argue pro and which team will
argue against the statement. Teams have 5 min to
prepare their arguments 3 min per team to present
them and 1 min per team to respond to the opposite
team's argumentation. Facilitator decides the winning
team by judging ONLY the strength of their arguments
and the persuasiveness of the speech, not his/her
opinion.

Presentation

*  Why 40 BIM leadership?

*  What is the role of a 40 BIM coach? #task

«  What does it mean for a 4D BIM project team to
be resilient to change? #process

e How: do we doiit?

Schedule of the day
- Goal of the day

-> Learning objectives
-> Assignments

Personal Reflection Quiz

Workshop (20 min):
Influencing

- Influencing techniques - gaining credibility

- Innovation adoption factors

- Mini-assignment: Convince about the adoption of
40 BIM in a project

Warkshop (40 min):
Change Management and Respond to Changes

*  Monitoring changes on a project

* Implementing changes in a project

«  Mini Assignment; Write down the steps for
updating 4D BIM in case of a design change in an
under development project.

ity and build trust among
ct stakeholders

Acquire detailed information regarding
changes, their urgency and prio

Access and use a changes
management platform (Software:
Autodesk glu

Evaluate the need and the effort for
updating the model

Monitor regularly the level of deta
and decide on adding more acti

or keeping less based on the initially
agreed LoD

. Overviewing the 40 BIM process, coaching on the way of working and balancing between
effort and impact for updating 40 BIM

Explain the way of working and coach
new colleagues

Workshop (20 min):
Coaching Techniques and Team Dynamics

*  Provaocative Coaching
«  Biving Instructions or not

. . PR Select the proper team management
Inteersmn SESSIIJI'I (3XZ|] I'I'III'I). approach, for the team and the task to

40 BIM Changes and Team Challenges be performed

- Split in groups of 3
- Each participant brings a personal issue /
challenge / problem relevant to the 4D BIM
process (owner)
- Group ask questions to clarify and understand
- Participants brainstorm alternatives for action
(owner listens only)
- Group synthesize quickly to draw one or two
recommendations
- Owner debriefs:
What did | hear? / What can | do? /
What do | take home?

Brainstorming:
Future 4D BIM Training

A short brainstorming sprint whale of the
completed training and bringing up topics for the
future improvements / changes in the training of
4D BIM engineers

* Take the role of a 40 BIM leader in ane of the new or

on-going company projects

*  Run another InterVision session every month (for

the period of the 3 months) to discuss and solve
problems and challenges.

S|

Operation Functional Administration
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Goal;

gz.\

effort and impact for updating 40 BIM

Evaluation Scheme

Access and use a changes management platform

(Software: Autodesk glue, etc.)
Acquire detailed information regarding changes, their urgency and

priority

Compilation

Knowledge
Organization

Gain credibility and build trust among the project stakeholders Compilation

Explain "why" (for each decision, change, action ...) Compilation

Evaluate time-wise the desired LoD and define accordingly the 4D BIM o
Compilation

deliverables
Select the proper team management approach, for the team and the

Cognitive Strategies
task to be performed g ¢

Explain the way of working and coach new colleagues Compilation

Evaluate the need and the effort for updating the model Cognitive Strategies

Monitor regularly the level of detail and decide on adding more activities

) s Compilation
or keeping less based on the initially agreed LoD P

GOUNG & COOPER ‘ UNIVERSITY OF TWENTE.

Proceduralization
Mental Models
Composition
Composition
Composition
Metacognitive skills
Composition
Metacognitive skills

Proceduralization

Skill-based Outcomes
Cognitive Outcomes
Skill-based Outcomes
Skill-based OQutcomes
Skill-based Outcomes
Cognitive Outcomes
Skill-based OQutcomes
Cognitive Outcomes

Skill-based Outcomes

Overviewing the 40 BIM process, coaching on the way of working and balancing between

Hands-on testing
(Fluidity of performance)
Structural assessment
(Similarity to ideal)
Hands-on testing
(Fluidity of performance)
Hands-on testing
(Fluidity of performance)
Hands-on testing
(Generalisation)

Probed protocol analysis
(Self-requlation)
Hands-on testing
(Chunking)

Readiness for testing
(Self-awareness)
Hands-on testing
(Generalisation)
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Appendix V. Evaluation interview protocol

GOUNGE | universiTy
[OOPER | OF TWENTE

“Welcome and thank you for finding time for our discussion. | know that you are very busy, and | greatly appreciate your contribution to this
project. You have been selected to participate because your point of view is important for this research.

May | have your permission to record our discussion and keep some notes? Both the recording and the notes will be destroyed after the
analysis of the results.”

Introduction (5 min)
Research Objective:
The research objective of this project is the development of

“A training curriculum for acquiring the technical and non-technical competencies for successful 4D BIM implementation in
the construction sector”.

The research method was consisted of three discreet steps. An initial exploration of the 4D BIM needs and competencies of the practitioners,
a design phase during which these competencies were organized into learning objectives and modules and the current final validation phase.

Investigate the
W EEHES

Definitions:

- The term competency has been used to describe knowledge, skills and experience.

- 4D BIM for the purposes of this assignment has been defined the coupling of a 3D BIM model with the construction schedule.

- 4D BIM training is not approached as a software tool training (Synchro, Navisworks, etc) but a process training and this is due to
the preliminary results of this study.

Purpose:

The main purpose of interview is to ascertain if the proposed design for a 4D BIM training is relevant, feasible and valid for BIM practitioners.
Therefore, the three main questions that you will be asked to answer in the following hour are:

- Towhatextentis the proposed learning objectives and modules reflect the overall needs of professionals working with 4D BIM?

- To what extent could the proposed features {modules, learning and evaluation method) assist the practitioners acquire and apply
the above competencies in a company project after the completion of each module?

- To what extent is the proposed training (9 training sessions followed up by on-the-job training assignments) a feasible investment
for a construction company?

Part 1 (About 30 min)

During the first exploration there has been an extensive listing of 4D BIM competencies that have been identified by the practitioners on
Count & Cooper that includes 87 different competencies. These have been categorized under the generic BIM competency sets identified by
Succar, Sher and Williams, {2013):

11
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Each competency is one learning objective of the course. When reading

through the competencies keep in mind that they are written as if there was % %

the sentence “Being able to..."” before each of them.
Technical Dperation Functional

Please read through and examine carefully the list (list of competencies is
provided printed). While doing that try to answer the following question: . %@g

==
ase

Administration Supportive Managerial

Question1:
To what extent do the proposed learning objectives and modules reflect the 4D BIM practitioner needs? Are they
comprehensive? Do you miss anything?

(Please use the numbers in the list to refer to specific learning objectives)

Part 2 (About 30 min)
All the nine modules have been organized under three 4D BIM development levels.

Pr— The modules are sequential, so you can only complete a module after you have successfully

A o Consultants completed the previous ones. After each module there is an assessment based on the results
r Analysts during the assignment and the results of a self-evaluation quiz.
|
;Eg?n:ﬂers
a - & The learning method for each of the modules includes a training session of 3-5 hours and an on-
. d‘ the-job training assignment to be completed after the training session. In total in order to complete

i
I
o
=

Level A, a new employee will approximately need about 2 months:

SEE = D In the presentation attached you can find the overall design of the modules in levels as well as
an example of the detailed design for three modules {one from each level).

Lowld

Please read the detailed design of the three modules (detailed design is provided in print). After try to answer the following questions:

Question 2:
To what extent would the proposed features for the three modules (learning and evaluation method), appropriate for assisting
practitioners acquire the above 4D BIM competencies?

Question 3:
To what extent could the proposed training, ensure that the participants will be able to apply the ahove competencies in a
company project after the completion of each module?

Question 4:
Do you have any additional remarks?

This is the end!

I would like to thank you one again for your valuable contribution.

Your input was very important for my research outcomes. In case you would like to receive updates on my research outcomes, | would be
glad to stay in contact with you.

18
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Appendix VI. Evaluation outcome

Result Summary Results Interview Notes Reference
Criterion: Relevance of the identified 4D BIM competencies
The list of competencies it is agreed to be very
extensive, and that it holistically maps
competencies relevant for 4D BIM planners and "I see a lot of competencies that are very relevant for our clients and that we have also been asked to

"If you are a planner, then the answer is YES all of the listed items are very necessary competencies" 3:19

crucial for a 4D BIM training. address in our BIMimplementation approach" o5
"There are some modules that are not related only to 4D BIM but it could be for the whole company. For 21
However, not only planners are involved in the  example, information management should be addressed in a broader company level” ’
4D BIM process. Therefore, it was argued that "Not only the scheduler needs this kind of training, there are several roles within a project that need at 2:3
in order to achieve successful implementation leastpartof this training to be able work within the 4D BIM process” :
of 4D BIMin the construction sector more "About 10-12 people in different functions could use the outcomes of 4D BIM. To implement successfully 2:95
people involved in the 4D BIM process should 4D BIMin the sector the rest of the people involved in the process should be trained as well” ’
. also be trained. The identified competencies "| can see the benefit of using 4D as a team. And if the interface is a bit trickier people will depend to one
Target group: Overall . X ; . . ) . 3:23
flects on 4D BIM could cover the needs for other roles as well. or two people managing the interface without investing further on technical skills
re .
Selecting some the modules to be followed by  "You could take this training and bring it to a bit tender team to teach them about 4D BIM and bring .
planner needs. The . o . I 4:28
. different people within a project could have everyone on the same level of 4D BIM understanding
proposed competencies i : - i i
- successful results. "It's very good to involve the other people of a project coalition who don’t work directly with software but .
and therefore the training . . : . ) " 10:14
they are involved in the process [...] stimulates the implementation process
could also be relevant for . -
more people involved in Participants indicated the need for contractor ~ "Some of these modules are not only for the 4D BIM planners, but can also be used for the work 29
the 4D BIM process (not firms to train work-preparators (or estimators) preparators or for estimators training" ’
only the 4D BIM planners) instead of planners for delivering 4D BIM "You can train practitioners with skills in 3D software to be the coordinators of the 4D BIM and not the 2.8
outcomes due to their advanced software skills planners themselves; this is a practice that works” '
and their job scope. Although some of the "Our scope is to train more people involved in the process as well like work preparators, schedulers, BIM 217
needs of work-preparators are covered in list of managers” '
competencies, more planning competencies "If you ask a work preparator, a project engineer | would pick different modules from the ones you 3:20
should be included. Also, taking into account propose for each of them" ’
the time for training and performing 4D BIM "90% of the cases is the work preparator who is responsible for many other things in the projects [...] if 104
tasks is significantly important. it's notin their core tasks but requires extra effort, itis often not successful" ’
The progress monitoring competencies should "Progress monitoring, itis interesting, but the information comes from the outside. So you should give 25
not be only for the 4D Planners but should this module to construction site managers or work preparators” ’
ideally be trained to everybody who can update "Progress tracking, should be — ideally - decentralized. Everybody involved in the process should be able 226
on the progress of the tasks. to update on the progress of relevant tasks and report on them" '

19



G. Papanikolaou

Missing competencies:
Emphasising planning
skills could make it
relevant for work-
preparators as well.
Planning temporary
equipment should
probably be included as a
competency. Module 7
could be enriched with
more futuristic
competencies

Participants were all finding a common point on
the fact that when the work-preparators
become responsible for 4D BIM then there is a
need for extra competencies to be training
related to construction planning. In the
proposed training, it has been considered a pre-
requirement to have knowledge and experience
with planning techniques (CPM, Network
planning etc.) before proceeding with the
development of a 4D BIM training, but this
should not be the case in order for the training
to be applicable in a broader audience. For
achieving broader applicability, module 4 should
be enriched with general planning and
scheduling competencies not directly linked
with 4D BIM.

Participants with experience in 4D BIM training
suggested to move comp 47 from module 6 to
module 7 and rephase: "synchronise and
update the model and schedule". Also
participants indicated other competencies that
should be included in the future in module 7
such as: "company wise 4D BIM management
of projects - business development approach”,
"logistics with 4D BIM", "use of a server based
application for collaboration within the 4D BIM
process".

"Use of the model information to generate the scheduling information, should be included as a
competency’

"There are questions like “how do | build the schedule in general?”. Whatis a CPM, network method but
also more process related: how does Synchro fitin the bigger picture of the project etc.”

"Of course, it can be used for monitoring quantities over time, but we are not that far yet because these
people are not very skilled, so they don’t know how to use it"

"Unfortunately, 4D must be developed by the people who are the least skilled in planning"

"People who are doing 4D are not the best planners because they are work preparators and these are
the ones who benefit more from the 4D BIM. So, we have to focus on training regarding planning"
"You should probably enhance your 4D planning module with more scheduling techniques and more

planning knowledge in general”

"But we don’t think that you need any extra skills if you know how to make a planning"

"The main skill you need is experience in construction, about how things on the planning work"
"Synchronizing and updating the models and schedules. It has also has to do a but with the 3D models
and information management (Comp.47 probably move on module 7)"

"Consider he development of 4D BIM planning in a company level (overviewing all the company projects
and managing human and equipment resources in a company wise)"

"Business intelligence should be included as a skillset from a management perspective. The tool
doesn'texist yet butit can be developed in house or it will be in the market soon"

"Doing logistics with 4D BIM should also be included as a future skill. 4D BIM has great potential for
planning the workspace, or excavation volumes or on time delivery of materials"”

"l think module 7 is more related to a business developer or someone who is using the 4D BIM data to
visualize them through PowerBI or similar"

"Maybe add a topic related to the SWP the server application for using Synchro pro in a collaborative way"

1.8

3:3

34

3:6; 3:7
3:9

4:3

4:4
10:13
4:12; 4:13
4:13
4:14
10:10

10:15

80
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Scope: There are
significant differences in
the 4D BIM process
between consultancy and
contractor firms and
between building and
infrastructural projects.
This training is based on
the 4D BIM process of a

Participants recognised that the overall
approach is focused on the 4D BIM process
within a consultancy firm that can differentiate
from the 4D BIM process of a contractor firm
as requires more effort managing interfaces
within a project coalition.

In the same scope there is also significant
difference between infrastructural and building
construction projects. The complexity of the 4D
BIM process is linked with the complexity of
decision making for infrastructural projects

"Is a different way of looking at 4D BIM][...] from a consultancy perspective, what the software can do but

the difference for a contractor company s that we look from a roles perspective” 231

"The scheduling of the different construction works (sub-contractors) is the responsibility of our own i
o : ; . 38

people. We do not ask for a schedule [...] For exchanging information we run lean sessions together

"Your approach is focused on a consultancy firm. Consultancy works among and in between different 4:27

companies and a contractors. In our field (contractors) we work above other companies” .

"There is need, to firstly develop a very good framework on how we want to approach the planning and 35

then fit4D BIMin" - infrastructural projects

"We feel that you don’t need to do anything extra when doing 4D BIM. If you are doing a Gantt chart for the .
: . o . o X 4:2
project anyway just do itin 4D software" - building construction

"There is a very big difference here, because we are a company that mainly does building construction

.C(:nSliltantcy VlvorklingtWIth when in building construction one and only projects. Making decisions is way simpler —the planners make the decisions and the rest parties follow" 4.9, 4:10
Infrastructural projects. .
proj experienced planner may be able to set the "We are usually the main contractor and we don’t have other contractors and we don’t need the 2411
definite plan of the construction alone. persuasive power that you need in order to influence the rest of the parties" - building construction ’
"Ideally, it's the role of a BIM coordinator to validate the data and not the role of the 4D BIM .
- ; " 1:4
planner. However, being able to validate the data yourself can be very valuable
"Some of these competencies are not necessarily needed for the 4D planners. The allocation of 15
] ) o o responsibilities may depend on the project hierarchy and on the project size" ’
Most of the |nterV|eW _part|C|pants Ir_]dlcated the "| fall a bit over the lewvels’ logic, it would be better to define which of the modules (or even 1:20° 1:21
need to select SPeC|f|C Co.m.petenCIeS frqm the competencies) are necessary for every employee [...] having more flexibility on the levels" B
o.nes addressed in the training modules. n "Modules 8 and 9 can be linked with the philosophy in the company so this is more for company 2:9
different ro'?s' It sgems that the allocation of managers, it is in a management level so not for the 4D planners specifically” ’
CompetenCIes to different modules work "Divide the training in different functions or roles within a project. For example: 2,3,7 for 4D BIM 212
sufficiently but t.he modules should.be o specialists | 4,5 work preparators | 8,9 BIM specialists | 1,6 everybody (also site manager etc.)" ’
addressed to different people working within a
Roles: Selecting specific project. According to the recommendations the "It needs a bit of twisting to align roles with modules and needs. Probably some roles do not need 297
modules (competencies) most optimal approach for selecting which extensive software skills but only a viewer version or specific skills (e.g. stakeholder manager)
for different roles within ~ modules are relevant for which roles withina  “Can those levels be directed to one of the roles within the BIM process? (BIM director, BIM 419
the 4D BIM process project coalition could be: (4D) BIM Project coordinator, BIM manager, BIM modeler)?" :
manager - modules 8, 9 | (4D) BIM Coordinator - "People on a higher level do not need the exact knowledge of the software but it may be enough for 2:92
modules 1,5,7,8 | 4D BIM Planner / Work them to know about the process" :
preparator - modules 1,2,3,4,5,6 | Other roles  "The modules should be linked with the BIM roles and a way could be: BIM director: modules 8 — 9 2:23
(field manager / site manager) - modules 1,6. | BIM coordinator: modules 5 - 7 | 4D BIM modeler: modules 1 — 4 :
However, there should still be flexibility to "Knowing why you do something it is more important than be able push the buttons for some of ., ,
address and evaluate specific training needs  the roles” )
for each trainee. "These modules can be the right ones but a selection of them for each role - doesn't hurt someone 45
to know more, but it should be necessary for their work to put time and effort for learning it' '
"It would be interesting to do level A for everyone and from level B or C select modules depended 10:7: 10:8

on their function. It's good to check which roles can be linked to which module"

8l
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Result Summary Results Interview Notes Reference
Criterion: Validity of the training features
"The structuring of the knowledge and the modules schedule you prepared looks good" 2:13
"l think that the way you categorize itin levels would definitely help” 3:10
Almost all participants pointed out that the
P P P L . "Whichever structured way of learning could help" 4:17
structure of the overall training curriculum and
the structure within each module is helpful. )
"You have a good structure with three levels A-B-C. 5:34
However, they proposed that module 4
Scheduling in 4D) should be part of level A.
( 9 ) . P "I think the levels have a very good combination with a good follow up after each level” 10:24
Also, module 1 (Information management)
there are two contradicting statements "Although you can easily geta “push the buttons” training this is clueless if you don’t have knowledge 31
Structure: Overall the regarding the importance of the module in level abouthow planning management works" ’
structure proposed for the A. Following the feedback of the 4D BIM training You are assuming that everyone knows how scheduling works [...] moving the scheduling workshop in 314 3:17
specific modules is experts, information management should the first level would be appropriate so the people have a clear understanding (pre-requirement) T O
good.The modules in remain as the first module and should followed Level A: the most delayin the training is because of the lack of general knowledge regarding the 3D [...] 102 103
each of the levels address by everybody within a project coalition. the object-oriented approach instead of the drawing is veryimportant e
appropriately the content Itwould be an idea to set module 1 as an optional module or even allocated in a different level. If you start , .. ..
. ) . ) ; . ) 1:6; 1:27
of a 4D BIM training with the information management, it may get a little bit to complex.
Cum.CUIum' An adJyStEd Everybody should follow modules 1 -2 -3 4:20
version of Level Ais
nece,ssary that should Partlclzl'pants gave positive feEdbaCk on the "ltis a basic level, so what you give as a knowledge would work positively" 2:14
also include module 4 as  specific content of the modules in each of the
a second module. three _IeVE|s' They indicated that the L?"e' Aas "In Level A, understanding the user fields and software buttons is not different than you describe" 3:16
a basic level is approached correctly in terms
of basic software competencies. Regarding "Would be nice if you could combine this very first step (Module 1. Information Management) with other 318
information management, the combination with BIMcourses. Because these should be the basics regarding BIMin general” :
a more broad BIM explanation could be “Overall it seems a very good program for someone starts getting involved in the 4D BIM process. 1:26
considered. Modules of Level B have been Especially the structure of Level A— Module 2 and all the elements of Level B" ’
recognised as the most important in terms of ~ "Previous grad. students identified two missing points in our 4D BIM process that you confirm: 233
upgrading the 4D BIM process within a firm. At Expectations management regarding the process (mod 8) and verification and validation of 4D (mod 5)" ~*
the same time, modules in level 3 have been  "Level Bis the mostinteresting because there the magic happens, or doesn’t happen. | consider this as 312
identified as an innovative approach regarding the mostbeneficial part of the training” ’
4D BIM training that could establish knowledge "The modules are very good and especially the last ones (Level C) are very interesting and above the 520

within an organisation more stable grounds.

software and its about process management which is necessary and do not happen atthe moment"
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"The mix of activities looks very good (ice-breaking, presentations, individual and group assignments)" 5:10
The training experts agreed that the selection of
the learning methods it is good and fit with the  "ltis a well made training script with a lot of interaction which makes itis very good" 5:35
character of the training. There is a good mix of
different activities that makes it interactive, it "You have very clear deliverables, and this is helping very much on the learning process" 5:16
has clear structure and goals and for the basic
software competencies has the same training "Clarifying the goals in this way help participants to decide if the course is relevant for them or not" 5:17

material as professional software trainings (a - S S
"We usually have a course book and everything we explain in the training is on the course book so people

step by step guide on which participants can can look it up whenever they want" 5:11
refer).
L "We provide a basics training that is based on the software manual” 10:11
Training features: Most P g
of participants and both ~ Two participants indicated as a limiting factor of "If you say that this is a four-hour workshop ( Mod. 3), this is a lot to do within the four hours. Scripting is 315
training experts indicated the design, the time allocated for each of the ~ verychallenging, and it can be quite tricky to grab the concept of baselines” '
that the lea':n,mg features mOdl,JIeS' The is extra ter]e that, S,hOUId be "The modules are very condensed. Consider that the modules may take way longer than you expect" 5:14
can be sufficientto help  considered due to questions, difficulty of
participants acquire and  participants to understand the concepts or “Think about the time allocation for evaluation. Would you evaluate within the time available for the 512
apply the competencies. other unpredictable reasons. Also the time that training? The evaluation may take as much time as the course itself’ '
Specifically, they trainers need to evaluate the assignments "Check also about the time allocation for discussion within the modules. Is there enough space for 513
recognised a good mix of should be considered. discussion and asking questions?" '
training methods that may Training experts found the evaluation part of the "The modules in your training are sequential so a question would be how to cope with the fact that 508
require slightly more time training significantly important. They raised a ~ someone mayfail one level. Is there any process?" )
than planned for each point for future improvement to justify the "After each training the participants evaluate the training and they are evaluated, and this is something 518
session. They found the  process in case participants do not succeed in veryimportant thatwe also do in the company” '
evaluation and the on-the- one of the modules as well ensure an external "ltis veryimportant that you have an external observer to evaluate the participants and itis very good that 519
job assignment after the  observer to evaluate their performance. this is covered in your training” '
training very important to "With the training session maybe they get a very good idea but[...] | don’t believe thatin this way you can 112 1:13
secure that participants get fully the skills to apply them in a project directly” R
can apply their "If you are not able to apply something on the project, then you miss the on-the-job assignment and the 2:16
competencies in real - . skills are gone" :
p_ Most of participants agreed that the on-the-job w .
conditions. . . "If anyone needs more advanced training then we listen to the contractor and what do they really need i
assignment is a necessary component of the e - 10:12
oS X X and we make a training on the job
training curriculum and that it ensures that W i teresting to have foedback | the-iob assi e dthatthere |
. . S . s very interesting to have feedback in your on-the-job assignment. [...] It's very good that there is an on-
participants can apply their skills in real life el e ! < L] = 10:16; 10:18
X ) the-job assignmentin all modules
projects. However, it should be ensured that the ) ) ) o - )
. . . In the on-the-job assignment you experience realistic conditions that influence the 4D BIM process. And i
trainees will actually have the opportunity to , . : L o ) 10:19
X X . that's the most interesting part of the training if you ask me. | think it's a good idea.
apply their recently acquired competencies in o o ) o )
. . "The real world is different than our training room [...] during the training people can acquire the ~A. .
one of the company projects and this may not ; : > TR 10:20; 10:22
. e . i competencies they need to start but they are often disappointed from the real-life situation
be easy if the company is just starting with 4D.
"We don’t use the 4D BIM model for progress monitoring yet as we just started with 4D, one year ago" 1:9
"Do they get 40 hours per week to work with it or it's a side job? The biggest risk for implementing your 10:23

training may be that they don’t have enough time and it becomes something extra and less important"
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Overall: Very complete
and detailed approach
that addresses similar
efforts of companies in
the construction sector. It
is very well visualised and
this helps for a better
understanding. The quality
of the training outcomes
highly depends on the
competency level of the
participants.

All participants found the quality of the training
approach very detailed and complete up to the
extend that they could even see it
recommended for 4D BIM practitioners.

Most of the participants indicated that they
already make efforts to develop similar training
activities on the job.

Some participants indicated that the quality of
the training results depends very much on the
previous experience of the trainees and
therefore this should be a factor to take into
account when giving a training.

Participants complimented the visualisation of
the training steps and they believe that a good
visualisation is helpful for training activities.
They indicated an extra arrow in order to clarify
the content of the on-the-job assignment.

"In general, it looks very complete, you touched upon everything | have been thinking regarding the
implementation of the 4D BIM within our company over the last year"

"We would most probably need a training like this"

"You have made a very good pragmatical and detailed report that a company can actually use
directly. Your approach is good"

"l think you have a very thorough set up here [...] especially for the people that are specialized in
scheduling this should be recommended”

"I think owerall it looks a very good training as it integrates so many different activities and
stimulates interaction not only listening"

"I'm impressed how detailed is your approach and how precisely you developed your work in
something that could be used by different companies"

"We would be interested to work further on your idea as a new product so let’s keep in touch to
discover potential opportunities after your graduation”

"We do several of these modules with on-the-job trainings (learning by doing) for example 2 — 3 — 7"

"What we currently do in the company is the modules 1 — 2 — 3 — 4 in an on-the-job training way for
work preparators. It is very new for us, so we have to see how that works"

"With the BIM project team we try to work as an example for the other teams to teach the process.
However, it is very difficult to say to others how they should work, they will not listen to you"

"We apply training on the software site mainly [...] the people change process is very interesting
and not something that we address"

"We are also considering asking trainees bring their own 3D model [...] 'm very interested because
you help me to look at our own training method as well"

"We hawe a 5 days course to learn the basics and then after some months of practicing on the job
you can take the second training for experts"

"3D modelers are very good at understanding the logic of the software and not scared by all the
buttons. Employees without software experience may have a hard time"

"Depends very much on the project and the peer pressure. There are people that are very good in
4D BIM and they inspire the rest of the team to learn as well"

"In the beginning there were many people that were eager to learn the software but later a lot of
them were pushed to learn the software, so they were not eager anymore and it was harder"

"You made a very nice presentation; itis very professional. My compliments on that"

"You also have very good visualization of you approach”

"Maybe for the visual part you could draw an arrow from the on-the-job assignment to the recall and
comprehension because they will repeat these steps during their assignment"

1:24

2:10

2:29; 2:30

3:24; 3:25

5:6; 5.9

5:30

5:33

2:6

3:13

4:8

5:1;5:3

10:21; 10:26

5:26

2:24
5:31

10:25
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Result Summary Results Interview Notes Reference

Criterion: Feasibility of the proposed training curriculum
"My initial feeling is thatis much about 4,5 days of trainings which is not that bad but depends highly on

- . . - 2:19; 2:20
Several participants - among which both the the target group that you would like to train
training experts - find the training very long and
g P . 9 yiong "It's only the time factor that you need to work a bit further" 5:15
extensive. It should be considered not only the
time investment but also the perception of
. . . "It's a reallylong process with an on-the-job experience with Synchro" 10:17
people that start working with 4D BIM (it looks yiongp lob e n
difficult). They proposed different modules to be
. . . "Maybe you can do two modules at once" 2:21
Duration: Overall the combined under one and the overall training to yoe yo
complete training involves be split into three courses each of which should You could probably combine a session with time for supervised on-the-job training. Walk around solving 5:29
a very long experience of address one of the levels. In this way, it would  questions etc. :
. be more clear to the trainees that after the first
about one and a half year . "It takes a verylong time to become intermediate or expert. So, it looks very difficult now to plan in 4D" 5:7
In order to become more course (level) they can already start working
i i with 4D BIM and they can get the second
feasible this S.hOL!ld be y . g . "I really find it very long; it takes about 17 months to become an expert" 5:23
broken down in different  course (level) to expertise their knowledge and
courses optional for the third course (level) if they want to manage “Level 2 has the focus for optimizing the process and giving them expertise, and this should be 504
different functions. It is the 4D BIM activities within a company of within pinpointed (otherwise people are overwhelmed in the beginning with a two-years programme)" '
significantly importantto  a project. "An idea could be to splititin three courses so if someone wants to know when they would be able to 5:05
address the specific work with 4D this is already after the first course (and not after 2 years)" ’
needs of the each . - S "It would be more feasible to pick the specific parts of this detailed training that fit precisely the needs of
> Participants, also indicated their wish to be able , " jeast pick tne speciiic parts ofthi : ining that it precisely 1:14
participant therefore an . ) . the company and implement them in a similar way'
initial assessment could to customise the learning experience of each "Th d to gain skills i limited i th busy in their schedul teaching th
trainee in order to make the training more ey need to gain skills in a very limited time as they are very busy in their schedules [...] teaching them 1:16; 1:17

help design the Iearning only what they specifically need for their current work would be more valuable"

path for each participant. feasible and attractive. They proposed that

there should be an initial assessment of the "lt would be very interesting to customize the learning experience for each of the employees" 1:22

participants to decide upon the learning path ) ) )
"We would check for each of our (people) what kind of skills do they need and which of these modules

and the_specmc m_OdUIeS to be followed, based they should follow [...] two - three modules from the ones you designed should be feasible" 2:11;2:22
on previous experience and on the scope of ] ] ) )

. . . . "Probably a level 0 would be interesting to be added as an evaluation of the starting level and do some .
their work. A basic training regarding 4D BIM ; 7 2:32

expectations management
should be followed by all the company ,
. o "Everybody should follow levels 1 —2 — 3, for the rest there should be an assessment according to the .

employees working within the 4D BIM process. 4:21

level and position you are if you would need and want to follow specific extra modules”
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"Being aware that you need to discuss and reflect on the learning after each projectitis quite important

and for now is only happening in an informal way (coffee talks)" 11
Participants agreed that several of the identified "Being able to adopt new digital tools is a very nice idea. It should absolutely be embraced as it could 1:2
competencies are linked to an optimal way of  very much help our business” '
working with 4D BIM. The fact that this is not  "4D BIMplanners should have the competencies to be able to start working and develop the schedule
. . . : . \ 1:7
the current way of working but there is the aim  directlyin the 4D BIM software
. to reach that higher level of 4D BIM uies . ; PP :
Future perspective: An g o It's goo:i that the training focuses on the ideal process even if this is not necessarily the current way of 1:25
. ) competency was agreed by all participants. working
optimal way of doing 4D . .
. . One of the participants (experienced leader on ) .
BIMis being addressed. . “Thank you, | have a whole list of things | need to learn myself!" 3:28
. ) 4D BIM) expressed the thought that the list of
4D BIMis a very new field )
. competencies could even be helpful for ) . . ) ) .
of work and it is very . . "Whatis veryimportantis to start working the schedule directlyin 4D BIM" 4:5
challenging his own knowledge.
much depended on the
technological "Making estimations within the 4D BIMit's not there yet. It's the point where we would like to go" 4:7
developments. There are o - - - — -
a couple of future Most participants said that the effort allocated  "4D is not considered yet core activity to invest that much time [...] when 4D BIMbecomes the core task 118 1:19
di P ) that Id for 4D BIM training depends on future of our employees, then probably the complete program you presented is very useful” B
Imensions that cou .
. . technological developments. It seems that the "The interfaces of the technology are defining how we are using or how we will be using 4D BIMin the .
also taken into account in . . : ; . o 321
fut wraini technology will establish 4D BIM as a core future. When we use HoloLens everyday on site then we should invest time for 4D BIM training
uture trainin . . . 5
g activity of the companies in the construction "The main reason whywe don’t do much training yet in the field of 4D is because the demand by the .
developments. L ) ! . : L . ) 5:32
sector but this is not the case yet. construction sector is not that high so far, butit seems thatitis growing fast
P.art|C|p.antS also indicated some future "Did you look at the construction process from design to construction and demolishing again (life cycle)" 2:26
dimensions that could be addressed in further
research: investigating the 4D BIM process "We should do more often discussions in the construction sector about 4D BIM. [...] Just bringing 4:30
under a life-cycle lens, facilitating discussions  different people together to discuss what they are doing and gain knowledge out of it" ’
among experts and investigating the potential of "More disciplines are interested in 4D. We have seen manufacturers and several disciplines for which 101
4D for other sectors (e.g. manufacturing). detailed 3D design is necessary, asking for 4D. Similar training could be applied in other sectors" )
"It could be a business idea. [...] You should be able to define a selling point (tender at a better price, or 4:29
faster etc.). It should also be adjustable to the new needs" :
"You need to be able to sell your training. Have you thought about how much this would cost? It's nine 5:21
Product: The trainingis  Most of the participants agreed that with some training sessions and some on-the-job consulting hours" ’
designed as an in-house improvements the training, this could be used  "Think about standardizing the time for your courses (e.g. 09:00 — 16:00). Having short sessions (3,5 h) 5:97- 5:28
activity but it could even as a separate training product for construction is notsustainable (time for commuting and time for learning) either for the trainer or for the trainee” s
have potential to become companies. It should be defined how the "We would be interested to work further on your idea as a new product so let's keep in touch to discover 5:33
a separate training training can be customised to the company potential opportunities after your graduation” ’
product. In case of the needs, standardise the duration of the training  "Think how you could give it to different companies and up to which expend you be relevant for different 1:23
last, more factors should sessions and define who could be the trainers companies in the construction sector” :
imised. for each of the modules.
be optimised "Who should be the trainers? From the company or external?" 2:28
"Do they have on-the-job consultancy from a trainer?" 5:22
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Appendix VII. Implementing module 2 for deciding on the instructional method

During the detailed design, an additional side-question came up, regarding the most efficient
instructional method for providing procedural information. Two different scenarios for providing
procedural information have been developed and they have been tested in a trial training session in a
group A/B setup. The two groups have been selected to have similar characteristics. The first group
(Group A) followed a self-learning-oriented approach (printed step-by-step guide with the basic steps for
completing their assignment). The second group (Group B) received a step-by-step demonstration by the
instructor regarding all the steps and buttons they had to use during their assignment. During the testing,
the hypothesis was tested:

 Providing detailed instructions and step-by-step demonstration by an expert (Group B) can be
more efficient (higher participants grades) as a method for providing procedural information
during a 4D BIM training session than providing a step-by-step guide and having participants
explore the software buttons and tools themselves (Group A).

Methodology for the design choice
For the testing of the instructional method, Module 2 was selected that focuses on 4D BIM software
basics. Within this module, 13 learning objectives are included:

 Allocating resources in 4D BIM Software

 Navigating through the 4D BIM Software views

« Creating a schedule from scratch based on the 3D elements

« Creating and export reports (animations + frames)

» Using 3D model user fields for smart filtering

« (Creating and using cutting planes

 Creating and assigning clear appearance profiles

 Setting and modifying relationships among the project tasks

 Ensuring that all the components are included in the schedule and they are correctly linked with
a task

* Finding out alternative solutions when there is lack of information

» Discussing with managers about the lessons learned after the completion of a project

» Adopting and learn from scratch new digital tools

In the detailed design of this module, during the ice-breaking and the introductory part the last three
learning objectives have been addressed as they are mainly related to supportive information. The rest
ten of the learning objectives have been addressed in the components of Recall and Comprehension and
they are mainly linked to procedural information. As a Recall learning component an individual
assignment with a very simple training model has been designed and as a Comprehension learning
component a team assignment (in teams of 2 or 3) with a simplified real case scenario has been used.
Both groups started together in a common set up and only during these two steps they were split in
different rooms. They also had the same amount of time (3,5 hours) to complete these two learning tasks.
By the completion of the team assignment the groups gathered together again and continued with the
step of evaluation.

The procedural information that both groups received was the same sequence of steps for completing
their assignments. The only difference was in the instructional method between Group A and Group B as
explained previously: Group A had a step-by-step demonstration with the training when Group B had a
printed step-by-step booklet for completing each of the assignments under the expert's supervision. The
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experts giving the training were experienced professionals in 4D BIM and the training was hosted and
organised by the researcher. The detailed description and the instructions for each of the groups can be
found in Table 19.

Table 19. Detailed script of Group A / B testing

12:30 Welcoming & Lunch
Arriving Demonstration video of a 4D animation plays on background
30 min | Having Lunch
Welcoming Who are we? Introduction of the company and the people.
13:00 Introduction
Who are you?
Split into teams. Make your team mascot and explain your 4D
BIM learning goal of the day!
In about 10 minutes, the group needs to create a 30 mascot. To
5min | lce — breaking game do so, each of the team members pick a set of two objects form
the warming-up kit envelope. They need to collaborate to create
their 3D representation of the mascot. Starting from someone
every participant combines their two objects in the team
mascot why they try to explain link of their object with their 4D
BIM (learning) goal of the day.
5min | Initial Assessment
Introductory presentation by the facilitator: E}EE ggitn?cgﬁ;gaﬁtg;e solutions when there s
- What is 4D BIM? #task
.| Introduction to the topic - What do we dO.W’th 4D BIM #process Discuss with managers about the lessons
10 min - Why do we do it? - .
of the module } . learned after the completion of a project
- How: do we do it
A. Learning mindset -
B. Goal of the day (learning objectives, schedule, deliverables) tAodo?Et and learn from scratch new digital
pup A
13:30 Training Part |: Try out, to find out
N evle e ol e Teams get a brief explanation about:
10 min | interface and the steps | R B TOL L o
o be done - the step—by—gtep guide that they receive with the steps to
solve the assignment
Navigate through the 4D BIM Software
views
Explanation and instructions of assignment:
- What do you have to do Set and modify relationships among the
40 min | Assignment | {Individual) | B DR g PIOIECEIASKS
"Create a schedule based on the 3D elements”(very simple and | Create and use cutting planes
clear structure and resources)
Create a schedule from scratch based on the
3D elements {baseline 0)
10 min Break
14:30 Training Part II: Try out, to find out
Brief explanation of the Teams get a brief explanation about:
5min | assignment and the - the step-by-step guide that they receive with the steps to
steps to be done solve the assignment
Recognize properties and user fields that
Explanation and instructions of assignment: exist in a 3D model
- What do you have to do
135 min | Assignment Il (Group) - What do you get Use 3D model user fields for smart filtering

Prepare a 4D simulation

Allocate 3D resources on tasks in 4D BIM
Software
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{use filters to link tasks with objects, create and allocate
appearance profiles, set task relations and export frames book)

Create and assign clear appearance profiles

Create and export reports (animations +
frames)

10 min Break
13:30 Recall — Part |
Navigate through the 4D BIM Software
Step-by-step demonstration training - Part I: views
30 min Step—by-step = Sync‘hronlnterface (navigation, W{ndows, toolbars) St e oy el g e
demonstration Part | - Navigation and appearance profiles .
) . project tasks
- Task logic and functions
Create and use cutting planes
Explanation and instructions of assignment:
- What do you have to do
30 min | Assignment (Individual) | - What do you get Create a schedule f_rom scratch based on the
3D elements (baseline 0)
“Create a schedule based on the 3D elements"
{very simple and clear structure and resources)
10 min Break
14:40 Recall — Part I
Recognize properties and user fields that
existin a 3D model
Use 3D model user fields for smart filtering
Step-by-step demonstration training — Part |l:
- User fields and smart filtering Allocate 3D resources on tasks in 4D BIM
.| Step-by-step .
30 min ; - Assign resources to tasks Software
demonstration Part Il ;
- Cutting planes
- Reports Create and assign clear appearance profiles
Create and export reports (animations +
frames)
15:00 Comprehension
Explanation and instructions of assignment:
- What do you have to do
:\F/%\éhitiri?ng]lisgs;d dlarifications Ensure that all the components are included
100 min | Assignment Il {Group) q in the schedule and they are correctly linked
Prepare a 4D simulation Bl @ S
{use filters to link tasks with objects, create and allocate
appearance profiles, set task relations and export frames book)
10 min Break
17:00 Assessment
Presentation of the results
30 min | Feedback - Discussion Discussion of the experience
- Do you recall your personal goal?
- Did you meet it?
5min | Final Assessment Self-reflection quiz
5min | Training Evaluation Short evaluation form
17:30 Closing
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The sample of participants was consisting of ten university students in their masters’ studies mainly on
the field of construction management and engineering in University of Twente (Table 20). All the
participants were familiar with the concept of BIM and they had completed successfully a course related
to construction planning as a requirement to participate to the training session. Half of them were Dutch
and half were international students. The two groups formulated in a way to ensure as much diversity as
possible among the participants (sex, year of studies, international or not).

Table 20. Sample of participants in the Group A/B testing

N Frequency %

Gender 10

Male 6 60%

Female 4 40%
Master program 10

go:;;gzgzrr:gManagement 9 90%

Spatial Engineering 1 10%
Year of studies 10

1st 5 50%

2nd 5 50%

After the completion of the group assignment both groups gathered together and followed the final,
feedback and evaluation steps. Both the evaluation techniques described in the detailed design have
been used to determine whether the learning objectives of the training session have been met or not for
each of the groups. Firstly, the self-evaluation questionnaire before and after the training was used in
order to evaluate the confidence of the participants to use in practice the addressed competencies. The
short self-evaluation questionnaire for the participants can be found in Figure 12.
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How comfortable would you feel to perform the following tasks in your daily work? *

| have the feeling | feel comfortable
| have already of it but | would | gotitbutlneed wusingitina
forgotten | am familiar with  need more more time to professional
everything the idea training practice project
Navigate through the =
: J o} o) o) o) o

4D BIM Software views R

Set and modify
relationships among O @] @) O O

the project tasks

Allocate 3D resources
on tasks in 4D BIM O O O O O

Software

Create and assign clear
appearance profiles

Create a schedule from
scratch based on the O @] @] @] @]

3D elements

Recognise properties

and user fields exist in a O O O O O
3D model

Use 3D model user

fields for smart filtering * . * * *
Create and use cutting

- O O O O O
Create and export

reports (animations + 9] O O O O

frames)

Figure 12. Self-confidence evaluation questionnaire

Secondly, an evaluation matrix, has been used to determine up to which extend participants met the
skill-based outcomes. The evaluation matrix was filled-in by the trainers during the training, for the two
learning objectives in which the fluidity of performance has been checked. For the rest of the learning
objectives (measured by the error rates and quality of performance) the evaluation matrix was filled-in
based on the deliverables of the two assignments after the training. The evaluation scale for the skill-
based outcomes for the individual and for the team assignment can be found in Table 21.
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Table 21. Evaluation scale for the individual assignment of trainees
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Individual Assignment Evaluation Scale: 1- 5
= § 1> Not able to change from the current view.
> @©
A = E
NEIgEe E é 5 - Able to drag and move, zoom in and out, rotate in all 3D, locate the task
=8 properties and the appearance profile properties.

Task relationships

Resource allocation

Appearance profiles

Schedule from scratch

Subtotal

Error
Rates

Error
Rates

Error Rates

Speed & Quality
of Performance

1-> 9 or more mistakes in predecessors / successors.

5 - 1 or none mistake in predecessors / successors.
1> 9 or more tasks with wrong resource allocation.

5 = 1 or none tasks with wrong resource allocation.
1 point for each of the following:

- Creating a separate steel profile

- Creating a separate concrete profile

- Using correctly the appearance profiles for resources
- Creating an extra appearance maintain profile

- All the above

1 point for each, planned in a correct and logical sequence:

- Foundations
- Pipe racks
- Steel structures
- Air coolers
- All the above
25

Table 22. Evaluation scale for the group assignment

Team Assignment

Evaluation Scale: 1-5

Accessing / checking user fields

User fields filters

Cutting planes

Report

Completeness of deliverable

Subtotal

Fluidity of
Performance

Quality of Quality of Fluidity of
Performance Performance

Performance

Quality of
Performance

1 point for understanding each of the following by clicking on a 3D object:

- Location / phase

- Material

- Quantity {volume)

- Difference among elements with same values
- All the above

1 point for performing each of the following:
- Creating, copying 3D filters

- Activating / deactivating 3D filters

- Filtering with one user field

- Filtering with more than one user fields simultaneously

- All the above

1 point for performing each of the following:
- Cutting planes X + Y

- Cutting planes in a separate 3D view

- Hide manipulators

- Hide planes

- All the above

1 point for each of the following being present in report:

- Focus time
- Second 3D view (with cutting planes)
- Hide manipulator
- Legend
- Clear view of all elements
1 point for each of the following:
- Constructability
- Milestones in correct dates
- No objects on the scene before tasks start
- Both deliverables (ppt, avi)
- All the above
25
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Results
The summarized results of the trial training session can be found in the Table 23. Detailed descriptive
evaluation regarding the performance of each participant / team in each of the learning objectives and
therefore the corresponding grade can be found in 7ables 23-26.

Table 23. Deliverables scoring for individual and team assignment. The evaluation scale per learning objective is 1-5 and for the average
has been converted to a scale of 1-100.

Individual Assignment Team Assignment
s £ y
N £ = 2 el

[ & C:U 8 g —~ % [%) UCD [<b) c 5’ D

= 5 S @ 2> =] L o o 2 g ]

= S| 2 C o S| mc | @ o @ © © S E| &£ =

> o = © D T O 1% 3] = » c @ o = © T 5 D

S %8 2 8% 255|388 8 £S5 88 £2]|2%9 5o =

© 8= D a9 G5 o X D = S = @ S | 2 4 o= <

= = L o < S & <G o = O 2 o O o E I =< i
Participant 1 4 5 4 4 3 3 5 3 0 0 80% 44%  62%
Participant 2 3 5 5 2 3 3 5 3 0 0 72%  44%  58%
Participant 3 3 5 4 2 3 3 5 3 3 1 68% 60%  64%
Participant 4 4 5 4 5 3 3 5 3 3 1 84% 60%  72%
Participant 5 3 5 1 2 1 3 5 3 3 1 48% 60%  54%
Participant 6 4 2 4 2 0 4 4 2 3 2 48% 60%  54%
Participant 7 5 4 4 1 2 4 4 2 3 2 64% 60% 62%
Participant 8 3 4 1 2 1 3 3 1 4 0 4%  44%  44%
Participant 9 4 4 3 1 4 3 3 1 4 0 64%  44%  54%
Participant 10 4 0 5 2 0 3 3 1 4 0 4%  44%  44%
pass | 100% 80% 80% 20% 50% | 100% 100%  50% 80% 0% 60% 50% 40%
fail 0% 20% 20% 80% 50% 0% 0% 50% 20% 100% | 40% 50% 60%

General observations on the assignment grades

If 60/100 is considered the passing grade for each of the learning objectives, 60% of the participants
have been completed successfully the first assignment and only 50% of them have completed the second
assignment successfully.

Checking also the self-confidence evaluation results (Table 28) in comparison with the score of the
participants in the deliverables there is also an interesting observation.
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Table 24. Descriptive results of testing Individual Task - Group A
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Team1 Team2
Mame 1: MName 2: MName 3: Mame 4: Mame 5
Participant 1 Participant2 Participant3 Participant 4 Participant5
Individual Task Average
Messy windows allocation and : : hessy windows allocation and
o ) e hessy windows allocation and o . L
minor problems locating Difficulties to locate the I minor problams locating Difficulties to locate the
- : some difficulties to locate the :
Mavigation commands. commands in the software 3 . ] 4 |cormmands 3 |commands in the software 3.4
~ . ) . commands in the software - . ) )
Good ahility to navigate around interface ) Good ahility to navigate around interface.
o interface o
the software (+). the software (+).
Only two mistakes in o
. . : Mo errors for the elements ) ) ) ) _ ) o
o : ralationships but in the axtra . Mo errars in the task relationships! Mo errars in the task Only air coolers are missing
Task relationships S within the scope of the 5|, 50 . ) ) 5| ] ] f
structure that was beyond the assiqnmant i+ relationships! i+ predecessors / sUCCessors,
scope of the assignment. g ’
There are three elements that
) ) : There are three elements that are There ara three elements that are ) o
are not allocated in tasks (Steel . ) . . . Foundations, Steel Structura, Air
] ) o Foundations are not allocated in nat allocated in tasks (Steel nat allocated in tasks i4ir Coolers, o .
Resource allacation suspended structure, q o : o 1 |Coolers are not allocatad in a6
} - tasks. suspended structure, Foundations Steel Structure, Steel Suspended
Foundations and two of the air- . . \ tasks.
- and one of the Air-coolers). Structura).
coolers).
Wrongly allocated appearance Wrongly allocated appearance
. ] profiles for several structures profiles for some structures (steel All appearance profiles are
There is no temporary ; o . S : ] e ] )
apoearance profile created in {steel structures are having a structures are having a concrete There is no temporary wrongly allocated, although they
] = Pp ) P concrete profile and reverse). profile and reverse). There is no appearance profile created in exist. There is no temporary
Appearance profiles order to be able to watch the o ) 2 ) ) e 5| " 2 ] o ) 3
- There is no temporary temporary appearance profile orderto be abla to watch the appearance profile craated in
construction of the : : ) ; .
. appearance profile created in created in orderto he able to construction of the foundations. orderto be ahle to watch the
foundations. ) : i
order to be ahle to watch the watch the construction of the construction of the foundations.
construction of the foundations. foundations.
Foundations and the : : : )
suspended steel structure are Foundations are not included at Foundations and the suspended Aircoolers and suspended steel Foundations, Steel Structure, Air
Schedule from seratch P 3 |steel structure are notincluded at | 3 |structures are notincluded at all | 1 |Coolers are notincluded in the 2.6

notincluded at all inthe
schedule

all inthe schedule.

allin the schedule.

inthe schedula.

schedule at all.

Subtotal

20

18

17

21

12
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Table 25. Descriptive results of testing Individual Task - Group B
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Name 1 Name 2: MName 3: Mame 4: Mame b:
Group B
Participant 6 Participant?7 Participant 8 Participant9 Participant 10
Individual Task Average
Minor problems locating " o . ] some difficulties to locate the Iinor problems locating commands. Minor problems locating commands.
o N . Good ability to navigate around . . . ) . . )
Mavigation 4 [commands. Good ability to the softwara +) 3 [commands in the software 4 |Good ability to navigate around the 4 |Good ability to navigate around the 4
navigate around the software (+). e interface software (+). softwarg (+).
Some task relationships are . L
: ; ] Some task relationships are : :
There are only the sir-coolers wrong. Air coolers start being wiona, Air coolers and steel Task relationships are correct
Task relationships 2 |linkad correctly to each other, all constructed in the airand a4 g.A 4 [however, air coolers have not heen 0 |Notask relationships!! 28
) o structures have not heen )
the rest do not make sense. suspended steel structure is not ) included.
. : included.
included in the schedule at all.
Although thera are tasks for all : Foundations, Suspended Steal :
) ) Foundations and Suspended N ) . All elernents correctly allocated in
Resource allocation 4 |elements, they are not created in o p ) 1 |Structure, Air Coolers are not 3 |Air Coolers are not allocated in tasks. | 5 L i 34
) Steal Structura are missing. ) tasks (+).
any kind of order. allocated in tasks.
There is only one appearance . Mo steel or concrete appearance
) ;e ) e L Appearance profile for concrate ) ;. ) L e i ' )
Allappearance profiles are profile created. Wrongly named is missing. There is no Appearance profile for concrete is prafiles. However, other appearance
wrongly allocated, although they and no elements correctly tom nl'alg'. annearance profile missing. Thera is no temporary profiles created for which there is
) ;s oxist. There is no temparary allocated to it. There is no ] P .\’ pp } p appearance profile created inorderto correct appearance profiles allocation
Appearance profiles 2 ] P : ) ) L 2 |created in orderto he able to 1 o R ) ] 1.6
appearance profile created in temporary appearance profile e be able to watch the construction of {+).There is no temporary appearance
o ] o watch the construction of the . : ) o S
orderto he able to watch the creatad in orderto be able to : the foundations. Mistakes inthe profile created in order to be abla to
: i : foundations. Correctly allocated ) ) :
construction of the foundations. watch the construction of the ) L allocation of steel appearance profile. watch the construction of the
) steal appearance profile (+). )
foundations. foundations.
Foundations and suspended )
. o Foundations, suspended steel . .
There is no Schedule Health steel structure are missing. structure and air coolers are Air coalers are missing, There is no There is no schedule of the activities at
Schedule fram scratch 0 |Report. The schedule of activities| 2 [There is no Schedule Health 1 4. g 0 |all! There is no Schedule Health 14

makes no sense at all.

Repart. The schedule of
activities makes no sense at all.

missing. There is no schedule
Health Report.

Schedule Health Report,

Repaort.

Subtotal

12

16

11

16
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Table 26. Descriptive results of testing Team Task - Group A

G. Papanikolaou

Team1 Team2

Mame 1: Mame 2: Mame 3: MName 4: Mame
Participant 1 Participant 2 Participant3 Participant 4 Participant 5
Group Task Average
Thare was difficulty to Thare was difficulty to There was some difficulty to Thare was soma difficulty to Thare was soma difficulty to
understand were and how to understand were and how to understand were and how to understand were and how to understand were and how to
Accessing / checking userfields | 3 |access the userfields and 3 |aceess the user fields and 3 |access the userfields and 3 |access the userfields and 3 |access the userfields and 3
understand the information understand the infarmation understand the infarmation understand the information understand the information
provided inthem provided in them praovidad in them, pravidad in them, pravidad in them,
All of the mermbers understood All of the members understood All of the members undarstood the All af the mermbers understoad All of the mermbers understood
tharole and the steps to create the role and the steps to create role and the steps to create user tharole and the steps to create therole and the steps to create
User fields filters 5 |userfields and they were able | 5 |userfields and they were able | 5 |fields and they were able to use 5 |userfields and they were ableto | 5 |userfields and they were able to 5
to use them properly while to use them properly while them properly while working onthe|  |use them properly while working use them properly while working
warking on the assignment (+). warking on the assignment (+). assignment [+). on the assignment (+). on the assignment (+).
Cutting planes nat placed Cutting planas nat placed
according to the according to the instructions.Mo . . . . . .
o d ] ] groth ) Mo second cutting plane. Cutting Mo second cutting plane. Cutting Mo second cutting plane. Cutting
) instructions.Mo separate 3D separate 30 window for the . . .
Cutting planes 3| . ) : 3 . ) 3 |planas not placed according to the | 3 |planes not placed according to 3 |planes not placed according to 3
window for the cutting planes. cutting planes. Both cutting T o o
: instructions. the instructions. the instructions.
Bath cutting planes present planes prasant and corractly
and correctly named (+). named i+).
Mo focus time present. Mot the Mo focus time present. Not the Mo focus time present. Not the
Report 0 Mo report exported at all. 0 |Noreport exported at all. 3 |complete project is presentinthe | 3 |complete project is present inthe | 3 |complete project is present in 1.5
final report. final rapart. the final repaort.
!\Iut all of the tasks are lm,kEd ,Nut all of the tasks are Im,kEd Mot all of the tasks are linked inot a Mot all of the tasks are linked {not Mot all of the tasks are linked
inot a complete schedule). Mo {not a complete schedule). Mo o R ) .
feasible schedule toasihle schadule complete schedule). Limited scope a complete schedule). Limited inot a complete schedule).
Completeness of deliverable 0 0 1 |of the assignment (only the 10KV | 1 |scope of the assignment (only the | 1 |Limited scope of the assignment 0.5

(constractability). There is no
animation or scenario book
exportad.

{constractability). There is no
animation or scenario book
exportad.

building). There is no scenario hook
exported.

10KV building). There is no
scenario book exparted.

{only the 10kY building). There is
no scenario book exported.

Subtotal

11

11

15

15

15
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Table 27. Descriptive results of testing Team Task - Group B

G. Papanikolaou

Mame 1: MName 2: MName 3: Mame 4: Mame b:
Group B
Participant 6 Participant7 Participant 8 Participant9 Participant 10
Group Task Average
Mot both panwm‘ams showed the Mot bath pammpant; s_hnwed Mot all panmpamg showed the Not all participants showed the sama Not all participants showsd the sama
same level of fluidity, when the same level of fluidity, when same level of fluidity, when . ) o )
) , ) . ) ) ) , ) level of fluidity, when accessing the level of fluidity, when accessing the
. ) ) accessing the information stored accessing the information accassing the information s L ) ) o L i .
Accessing / checking user . ) ) ) ) . ) information stored in the 30 properties infarmation stored in the 30 properties
fialds 4 (inthe 30 properties userfields. | 4 |storedinthe 30 properties user | 3 |stored inthe 30 properties user | 3 usar fialds 3 user fialds 35
However, in general hoth fields. fields. o ) o )
) ) However, in general all showed that However, in general all showed that
showed that they can However, in general hoth However, in general all showed ) - R ] . o
) ) ) they can understand their function {+). they can understand their function {+).
understand their meaning and showed that they can that they can understand their
There were some minor There were some minor
difficulties for the participants to difficulties forthe participants to There were some minor ! e . T
] P P . ] P P . - ] . There were some minor difficulties for There were some minor difficulties for
understand how they can filter understand how they can filter difficulties for the participants to . ) . )
) . i the participants to understand how the participants to understand how
. . based on user fields and how to based on user fields and how to understand how they can filter o . Co .
Userfialds filters 4| . 4| . ) 3 . ) 3 [they can filter based on userfields. As | 3 |they canfilter based on user fields. As 35
activate / deactivate them. activata / deactivata them. based on usarfields. As a rasult : : i :
) i - N ) a result there are several mistakes in a result there are several mistakes in
However, at the end both show However, at the end bath show there are several mistakes in ) . ) .
] ] : . object allocation to tasks. object allocation to tasks.
that they understood well as they|  |that they understood well as object allocation to tasks.
could performit(+). they could perform it (+).
The planes and the manipulators The planes and the ThEI:E Is only one cutting plane. There is only one cutting plane. There is only one cutting plane. Cutting
o . . ! o ) Cutting planas not placed . - .
are present in the cutting planes manipulatars are present in the . ) ) Cutting planes not placed according to planes not placed according to the
; : . . according to the instructions. R T
Cutting planes 2 |view. 2 |cutting planes view. 1 The ol i 1 |theinstructions. The planes and the | 1 |instructions. The planes and the 1.5
Cutting planes not placed Cutting planes not placed e p anes andine ) manipulators are present in the cutting manipulators are present in the cutting
= T e o manipulatars are present in the : .
according to the instructions. according to the instructions. . ) planes view. planes view.
cuttinn nlanas vies
Although the complete projectis|  [Although the complete project is Although the complete project is visible
Although the complete project is Although the complate projsct is f:|9|hlte in E:weh:'epﬁn,the Iedgend \:|S||;Ieh||n t::Je |'epu|1,;he. Iedgen]EI is not mtl;e 'zlepolilﬂhe Iegdenq |§ notf
| | i i i | I 0 i
Report 3 |visible inthe report, the legend is | 3 |visible inthe report, the legend | 4 15 ot readaie. 0 secon readable. o second window for reatiable. T second window or 34

not readahle.

is not readahle.

window for cutting planes. Extra
camera path forincreasing the
visihility of tha process (+).

cutting planes. Extra camera path for
increasing the visibility of the process
[+

cutting planes. Extra camera path for
increasing the visibility of the process
[+].

Completeness of deliverable

2

Mot all of the tasks are linked (not
a complete schedule). Although
there is the attempt to complete
both buildings inthe scope of the
assignment the missing links are
a significant problem. Therg is no
scenario hook exported.

2

Mot all of the tasks are linked
{not a completa schedula).
Although there is the attempt to
complete bath buildings in the
scope of the assignment the
missing links are a significant
problam. Thera is no scenario
book exported.

Mot all of the tasks are linked
{not a complete schedule). No
feasible schedula
(constractability). Although thera
is the attempt to complete bath
buildings there are floors
present inthe start of the
animation inot assignad
resources). There is no scenario
hook exported.

Mot all of the tasks are linked (not a
complete schedule). Mo feasible
schedule {constractability). Although
there is the attempt to complete bath
buildings there are floors present in
the start of the animation (not
assigned resources). There is no
scenario hook expaorted.

Mot all of the tasks are linked (not a
complete schedule). Mo faasibla
schedule {constractability). Although
there is the attempt to completa both
buildings there are floors prasent in the
start of the animation (not assigned
resources). There is no scenario book
expaorted.

Subtotal

15

15

11

11

97




@G. Papanikolaou

Table 28. Self-confidence evaluation results. (Percentage of participants based on their answer in groups A and B)

I got it but I need more time to | feel comfortable using itin a

practice professional project

Group A Group B Group A Group B
Navigation 100% 100% 0% 0%
Task relationships 80% 80% 0% 20%
Resource allocation 100% 40% 0% 60%
Appearance profiles 40% 40% 20% 60%
Schedule from scratch 100% 40% 0% 20%
Accessing / checking user fields 80% 60% 20% 40%
User fields filters 40% 60% 60% 20%
Cutting planes 40% 20% 40% 60%
Reports 100% 40% 0% 20%

About 60% of the participants in group B feel confident to use their skills in a professional project
regarding the creation of cutting planes and the allocation of appearance profiles when none of them has
a passing grade in these competencies. At the same time, in group A most participants didn't have a
passing grade regarding the allocation of appearance profiles and indeed only one of them declared
confidence to use this competency in a professional project. Also 60% of participants in group A feel
confident to apply their skills professionally regarding the use of 3D filters, and indeed all the participants
of group A scored the highest grade in that competency (5/5).

Discussion of trial training results

Checking again the original hypothesis: “Providing detailed instructions and step-by-step demonstration
by an expert (Group B) can be more efficient as a method for providing procedural information during a
4D BIM training session than providing a step-by-step guide and having participants explore the software
buttons and tools themselves (Group A). Based on the results the hypothesis doesn't seem to be
confirmed.

Closing, this design choice workshop resulted in a mix of the two instructional methods for the proposed
detailed design. Participants in the beginning receive detailed instructions for setting up the software
interface, understanding the requirements of the assignment and the sequence of steps required for it.
Then they receive a detailed step-by-step guide for the assignment steps and the instructor who is present
during their learning task, provides corrective feedback and further instructions only this is requested.
Also, the time allocation for providing procedural information has been increased and the scope of the
assignments has been reduced in order to ensure that there will be enough time to achieve more complete
deliverables. At last, the trial workshop confirmed further the criticality of the part-task practice after the
completion of the training session. Almost, all participants indicated that for most of the competencies,
although they have gotten a very good picture regarding how the 4D BIM process and tools work, they
would need more time to practice in order to feel confident apply their competencies in their professional
environment.
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