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Abstract. 4D BIM assures more detailed costs and error control, whilst also
improving scheduling and coordination. It relies on interoperability and high
levels of collaboration, which have increased the value of collective competen-
cies. In addition to the competencies, the collaboration group internal influences
and subordination must be considered as well. While the knowledge and com-
petencies of each and every individual team member are important, BIM allows
the team to use the entire set of collective knowledge, skills and competencies,
which are the key feature for advanced digital management of the AEC project.
Such management requires a successful implementation and efficient use of 4D
or nD BIM. This study proposes to summarize collaboration personae of AEC
project collaborative groups, and to associate the collective knowledge and
competencies to 4D BIM uses. Further, it will be completed with interviews on
current 4D practices with BIM professionals. Moreover, through this research,
we continue to progress towards a new 4D collective decision-making support
proposition.

Keywords: 4D BIM, 4D BIM uses, Decision-making, Digital collaboration,
Collaboration persona, Collaboration group, Collective decision support.

1 Introduction

AEC industry transformation, influenced by the latest information and communica-
tion technologies, is due to a major shift of this economic sector towards the new
digital globalized economy [1]. The changes brought in the last decades by digital
tools and by the progressive adoption of Building Information Modeling/Management
(BIM) have had an impact on the common practices of design, management and con-
struction of projects, and subsequently, have brought in new business models [2]. The
advanced digital project management is one of the key features for an effective BIM
project management [3]. Over the project development, collective competencies are



implemented into both the project design development and value engineering pro-
cesses [4]. In the literature and in practice 4D BIM is mostly used as a process visual-
ization support [5], whereas we focus on 4D BIM uses for decision-making [6].
Decision-making sessions unite the stakeholders’ competencies to benefit from
better communication and from collective intelligence as a decision assistance tools.
But how does a group organize decision-making? Which competencies are required to
efficiently support 4D? How should the collaboration persona adjust to 4D BIM uses?
Firstly, this paper introduces collaboration and decision-making in the scope of the
BIM era, in order to understand collaboration types and their place in the project
workflow. The next part introduces 4D BIM uses, and proposes a collaboration per-
sonae summary study. The final part describes a methodology of future research.

2 4D collective decision-making support development steps

4D BIM offers more detailed cost and error control, whilst also improving scheduling
and coordination. It relies on interoperability and high levels of collaboration, which
have increased the value of collective competencies. Thus it is important to under-
stand which competences are relevant for which decisions, and how should the collec-
tive decision-making be organized in correlation with project phases, scale, contracts,
etc.

2.1 4D Collab project research stages

This paper is a part of research conducted for the 4D Collab (http://www.4dcollab-
project.eu) international project which aims to develop a proposition of decision-
making support configuration and collaboration scenarios for 4D BIM. Fig. 1 shows
the research stages, where firstly, a series of experiments with existing digital syn-
chronous collaboration tools (“Shariiing” software https://www.shariiing.com by
Immersion and multi-touch screens table and wall) have already been conducted.
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Fig. 1. Summary of methodology steps for decision-making support proposition

The experiment scenario required AEC professionals to collaborate and to resolve
some design development and value engineering tasks with the assistance of 3D mod-
els, and it summarizes the limits of present collaboration solutions and the users de-
mand for more natural and AEC customized interactions [7]. As the next stage, this
paper summarizes collaboration groups and also personae study and 4D BIM uses,



which will be evaluated and improved with the further research (4.4). Subsequently, a
decision-making tools evaluation and specification will complete the tool proposition.
Finally, AEC professionals decision-making sessions with the use of 4D, a touch table
and Shariiing software, altered to 4D interactions, conclude the research.

2.2 Digital interactive interfaces for 4D BIM collaborative context

Digital project development and management rely on specific technical tools, with
BIM the tools are in the core of a sociotechnical system, and they are operated by
social elements: synchronous collaboration, coordinated work practices, institutional
and cultural frameworks [8] [9]. Various systems provide users with necessary op-
tions and interactions. Yet, there is a gap in solutions for synchronous co-located col-
laboration and decision-making. Thus, we propose to develop a multi-user digital
documents interaction interface, which will complete a digital continuity of project
documents at decision-making sessions, with an aim to avoid printing documents and
primarily to keep the same BIM model in the center of discussions as in the center of
design development. The solution aims to avoid incorrect interpretation and losses of
information. For users' comfort it is important to offer the best usability and relevant
interactions.

Natural user interfaces (NUI) offer the ease of access and low appropriation time
with a tool [10], therefore we propose to implement a multi-touch collaborative table
and wall within a NUI as a technical support for decision-making. The interface fos-
ters 4D BIM uses with project documents convergence with the ease of interactions.

3 AEC project collaboration, decision-making and 4D BIM uses

Any project development includes decision-making activities, with a collaborative
BIM model and a range of project participants’ competencies (e.g. knowledge, skills,
experience) assisting decision-making. This part introduces AEC decision-making
essentials with an objective to outline potential 4D BIM collaboration process re-
quirements.

3.1 AEC project collaboration

AEC projects are highly dependent on local conditions, they usually involve stake-
holders who have not been working together before [11]. The project team is almost
always temporary, and has specific tasks and responsibilities [12], these factors do not
foster stakeholders to integrate completely into the BIM collaboration process and
network.

Naturally, different ways of working together are implied in project development,
with networking at a basic level, followed by coordination, then cooperation and the
highest level is collaboration, where actors have information exchanges, alternate
activities, share resources and have a mutual benefit (collaborative continuum) [13].
In addition, “the integration” is a concept where the parts are no longer apparent. A
custom collaborative BIM decision framework implementation, suggested by Gu and



London [14], offers to provide the actors with the understanding and implementations
of BIM technologies. Even if BIM relies on technology, as a core of BIM socio-
technical system, collaboration still stays a human activity. Collaboration can be syn-
chronous or asynchronous, collocated or distant. Collocated synchronous project ses-
sions are the main subject of our study on collective decision-making with 4D.

3.2 AEC project decision-making

According to Hughes and Murdoch, an AEC project starts and ends with decision
points, the decision classes are: Policy, Strategic, Tactical and Operational [15]. Also
any project requires various types of decision roles systems summarized in Table 1,
where three systems have various action types involved. Depending on project lifecy-
cle, and on decision types there will be relevant decision-making constitutes involved.

Table 1. Decision roles systems (by Hughes and Murdoch [15])

Operating Control Managing
Operating Monitoring Coordinating
Cooperating Supervising Directing
Advising Resourcing Recommending
Receiving Approving

3.3 AEC project lifecycle and 4D BIM uses

The first concepts of time management are usually introduced even earlier than the
design development starts, and with the design progress the time management evolves
from a simple programming, to a planning and then to a detailed scheduling [16]. This
evolution also involves the BIM model development with an increase of level of de-
tail (LOD) (Fig.2). The phase of Operation & Maintenance does not enter into the
scope of current study due to the specifics and phases’ relevance mostly to activity
management.

PROJECT DEVELOPMENT PHASE

Project Pre-design Pre-construction Construction Operation &
identification [Schematic design Construction Fabrication Maintenance
Program Design development  documentation
BIM MODEL LOD >
Conceptual  Approximate Precise Detailed Recorded
TIME MANAGEMENT >
aDScheduling 0
2 ADClashDetecton .
= AD Safety Management | ...
g 4D Site Lay-out, Environment Management|
9,. 4D Constructability Management |

4D Monitoring

Fig. 2. Project phases and model LOD with 4D BIM use potential introduction



When the “3D” dimension of the enriched virtual model of a project is completed
with the notion of “Time”, introduced as the “fourth dimension™, the information
from time management (time dimension & related data) enriches the 3D Model (x,y,z
geometry & related spatial model elements data) and creates a 4D model with 4D
relationships of attending data. Thus 4D is a model, but also a simulation, as “concep-
tually 4D CAD represents a type of graphic simulation of a process” [17]. One of 4D
major benefits is information accessibility and clear visualization - all actors have
access to a 3D model and an attached schedule, moreover they can access to simula-
tions and analysis.

Kreider and Messner studied BIM uses and proposed a definition that: “BIM Use:
A method or strategy of applying Building Information Modeling during a facility’s
lifecycle to achieve one or more specific objectives." [18]. Based on this uses study
Guerriero et al. [6] summarized 4D BIM uses: 4D Scheduling, 4D Clash Detection,
4D Safety Management, 4D Site Lay-out & Environment Management, 4D Construc-
tability Management, 4D Monitoring and 4D Visual communication is core use.
These uses can be introduced into the project on specific phases (Fig.2).

For example it is possible to forecast construction phases and sequencing as 4D
Scheduling, once the first “3D” and “time” concepts are present, when the construc-
tion is started the scheduling is followed by 4D management, monitoring. All the uses
involve stakeholders’ expertise and collaboration. Digital documents, such as 4D BIM
simulations, foster new collaborative project workflow implementation and develop
new requirements for synchronous collaborative decision-making methods and sup-
ports (e.g. tools, documents, interactions).

4 Designing a collective decision-making support for 4D BIM

4.1 AEC project collaboration groups and decision-making

BIM engages the collective decision-making for design development or value engi-
neering. The project stakeholders have many roles, influences & interactions [19]
(Responsible Validator, Responsible Coordinator, Participant Production, Participant
Expert, Participant Reader [20]), but the current scope focuses on a group and not
individuals.

Table 2 summarizes a proposition of main AEC project collaboration groups. The
summary is general, it may vary from a project type, stakeholders contracts, etc. The
groups are united by a General group's goal, which is related to a project development
phase. The stakeholders collaborate on the project in various groups, carrying their
project roles and bringing their expertise as a member of various groups in order to
complete the goals. Group collaboration typology proposed by Mathews [21], sum-
marizes the types and their descriptions (personnel, workstyle, leadership), thus in the
table below Group collaboration style proposes to apply the types to AEC project
teams.

The proposed summary (Table 2) suggests that collaboration type and decision
class are related. Project development starts with a client-supplier collaboration type,
engages a stable deliverable oriented professional design team with a democratic



leadership to produce a design and then a democratic Committee with a BIM manager
brings an order and control to the design collaboration. From a Pre-construction phase
the project teams become more dynamic with a designated leader, also they continue
the decision order from Management to Operation and then Control.

For example, on an early stage of project development a Project program team es-
tablishes the program and project requirements, approves design production, thus this
group will have a collaboration type: client supplier, with the same core members of
the team focusing on communication, with a designated leader. This group will make
Policy class decisions, with a focus on management system roles, however other roles
are possible as well, as the secondary ones. In addition, all the collaboration groups
are the long life length groups, have an objective as a constant element and a motiva-
tion factor, except the BIM project team with the shared interest as a motivation. Al-
so, most of the groups contain more than three members. However, for a BIM project
team BIM is a core element, thus members receive guidance and coordination from
BIM management. Moreover the teams must have technology and BIM basic skills
and knowledge.

Table 2. Main characteristics, collaboration styles and decision-making classes study

Phases: Program - Design | Phases: Pre-construction - Construction
Group main characteristics
Groupl Group2 Group3 Group4 GroupS Group6 Group7 Group8 Group9
Group Name

»
»

Project Project Design Pre- Construc- Construc- Construc- Construc- Safety
program  design process construc- tion design tion docu- tion team tion pro- manage-
team team team tion man-  team ment cess ment team
agement manage- team
team ment team
Group members roles
Client Architects  BIM Construc- - Contractors BIM Contractors Construc-  Safety
Architects Engineers manager tion Architects manager Subcon-  tion manager |
Engineers Architects manager - Engineers Contractors tractors ~ manager ~ Construction
Engineers Architects Architects Contractors glanager
. N . ontractors
Engineers Engineers Architects A chitects
Client Engineers Engineers

Client Client

General goal
Conceive Design the Control Prepare,  Design the Manage theConstruct Prepare, = Manage the

the project project and and man- coordinate project project the quality coordinate project
program  the pro- = age the and survey construc- construc- project by and survey construc-
and re- ject's BIM' project the project tion docu- tion docu- the pro-  the project tion site
quirements, model design pre- mentation ments and gramand construc- security
approve collabora- construc- efficient require- tion phase over the
design tionand  tion phase teams ments construc-
production BIM mod- collabora- tion pro-
els quality tion cess
Group collaboration style
Collaboration type
Client- Stable Committee Client- Dynamic Committee Dynamic Dynamic Dynamic
supplier  team supplier  team team team team
Personnel

Stable Stable Stable Dynamic Dynamic _ Stable Dynamic Dynamic Dynamic
‘Workstyle




Communica- Pooling & Pooling & Communica- Pooling & Pooling & Pooling & Communica- Communica-
tion focused Co-creation Co-creation tion focused Co-creation Co-creation Co-creation tion focused tion focused

Leadership
Designated Democratic Democratic Designated Designated Democratic Designated Designated Designated
leaders leaders leaders leaders leaders leaders

Group decision-making class
Decision class

Policy Strategic  Tactical  Policy Strategic  Tactical  Operational Tactical  Tactical
Decision system role: inside system role
Management: Operation: ~ Control: Management: Operation:  Control: Operation:  Control: Control:

Approving  Co-operating Supervising Coordinating Co-operating Supervising Co-operating Supervising _Supervising

4.2 4D BIM uses AEC project collaboration groups

Collaboration groups may imply various 4D BIM uses according to the stage of pro-
gress of the project, as illustrated in Fig.1. Thus the proposed Project design team and
Design process team on a design phase may use 4D Scheduling and Clash detection.

Further, these uses are required for Pre-construction management, Construction de-
sign and Construction document management teams, who also benefit from 4D Safe-
ty, Site lay-out, Environment, Constructability management. The groups encompass a
large specter of 4D uses since the project model is'well developed and there is a high
concentration of management and coordination tasks on a pre-construction phase.

The Safety management team mostly benefits from 4D Safety management, how-
ever, keeps the connection with other 4D uses. For a Construction process team the
4D Monitoring and Construction management are the main uses. The Construction
team may benefit from 4D Visualization for a better communication. The relevant
uses for collaboration groups will be defined within the series of interviews (4.4) and
4D Collab research project experiments and survey results.

4.3  Collaboration personas approach

When project stakeholders collaborate in groups, the knowledge and competencies of
every individual team member are important. Furthermore, BIM allows the team to
use the entire set of collective knowledge, skills and competencies as parts of collec-
tive intelligence, which is the key feature for advanced digital management of the
project.

In order to describe a project group collective activity, we propose to implement a
collaboration persona (CP) approach [22], which is derived from the original user
persona method, also called Individual Persona. CP describes a new type of persona
which focuses on group goals and needs, instead of personal needs, and includes col-
laborative work aspects. According to Judge et al., “[c]ollaboration personae are em-
pirically derived descriptions of hypothetical groups of people with specific qualities,
goals and needs.” [22]. In addition to the competencies, the collaboration group inter-
nal influences and subordination must be considered as well, because “[c]ollaboration
personas include individual personas (playing the roles), who enact scenarios at dif-
ferent phases of the collaboration”[23]. In AEC project case the phases relate to de-
velopment phases.

Matthews et al. [21] developed a CP based on collaboration types: dynamic project
team, stable project team, customer-supplier relationship, committee, community and



professional relationship. Every type is described with dimensions: goals (group tasks
and motivation), group members (if the members are stable or dynamic), work style
and leadership style (designated or democratic), etc. By the approach, CP are built
from real work observations and guided interviews with a focus on group members
(actors) experiences. CP aims to describe the needs and collaboration of group, inter-
actions among actors and their goals. CP approach allows equipment designers to
consider different actor roles throughout the collaboration process, and to be more
focused on the group needs and interactions, in addition to the common user persona
benefits [24].

4.4  Design methodology of collaboration personae proposition

This study suggests CP approach within an alteration to BIM specifics, and with a
correlation to different problems encountered by the professionals’ workgroups. Fur-
ther research will run a series of BIM familiar professionals interviews, which will
gather a real practices vision on the relevance of personae proposition and of specific
4D uses.

Methods: the non-directive interviews will gather personal experiences of partici-
pants about collaborative group work, and will focus on following themes: Who must
be participating at the collaboration? Who participates on a collaboration in relevance
to the project phase? Who participates in relevance to the 4D BIM use? Who is the
role and responsibility of every member of the collaboration group and his contribu-
tion to the collective intelligence? How does a collaboration group organize decision-
making? How are the collaboration sessions managed and held? Which information
on the project was necessary for a decision-making and which competences? How
does 4D BIM influence a decision-making at collaboration sessions?

The collected data will be studied with thematic analysis which is a qualitative
method for analyzing and identifying themes or patterns [25]. The data sets gathered
from the interviews will be classified, according to the research question, into the
following themes: group and member goals; members and roles; group tasks; group
work style; current 4D BIM collaboration tools and methods gaps. In addition, to test
and to improve the CP, we conduct a group interview with persona experienced de-
signers.

Population: the interviews participants will be BIM experienced AEC project pro-
fessionals: architects, structure, civic and MEP engineers, construction firms, con-
struction managers, BIM mangers, safety, site and quantity managers and clients. The
interviews provide a complementary information about the collaboration and project
development process, also they will test our proposition relevance, additionally, they
allow us to adjust the model of Matthews to the complex 4D BIM collaboration situa-
tions.

4.5 4D BIM uses and collaboration persona study

With this research we continue to progress towards a new collective decision-making
support proposition, which will be adapted to AEC specific needs and 4D BIM uses.
Thus we need to study the support users and their needs. To study AEC collaboration



groups we propose to apply the CP approach, since the single user persona description
does not encompass collaborative aspects. The study proposition is based on common
practices of project development and BIM implementation guides and protocols. The
CP example for one of stakeholders group synopsizes main persona dimensions [21]:
Context: a large public building project “A-project” is in development with BIM.
Collaboration Persona Name: “A-project” Pre-construction management team.
General goal: Prepare, coordinate and survey the project pre-construction phase.
Roles: Client, Construction manager, Architects, Engineers (sometimes BIM manag-
er, contractors, construction site, safety, quantities managers).
Project phase: Pre-construction, construction.
Workstyle: based on communication with a BIM model is in the core of collabora-
tion, it evolves with the project, being more of a client-designers dialogue in the be-
ginning, and changing to interdisciplinary collaboration.
Tasks: Identification of project limits; Establish the basis and progressive develop-
ment of time management; Offer order to the project development process; Assure
project deadlines and the basis for construction monitoring; etc.
Needs: strict aims and objectives of the program, an access to a digital workflow,
work protocol, BIM methodology, technological core, interactions system, etc.
Skills and knowledge: related to roles, basic and advanced BIM and technology un-
derstanding, and collective intelligence and professional experience.
Dependences: Inside the group a Design team of architects and engineers supports
the design basis of work and decision supports, and the construction manager is in
strong dialogue with them, the client has a strong interaction with design team.
Decision-making: Policy and Strategic classes, focused on management: co-
operating.
4D BIM place: 4D BIM model with a detailed schedule information, as a collabora-
tion and decision-making support for 4D Scheduling, Clash Detection, Safety Man-
agement, Constructability Management, Site Lay-out & Environment Management.
Every 4D BIM use requires specific decisions, in addition a relevant digital collab-
oration support for project documents must assist as a decision-making session
equipment with relevant and easy interactions, and provide the digital documents
continuum.

5 Conclusion

4D becomes a part of common practices for the professionals who have adopted high
BIM and collaboration levels. Collaboration and precise project management are very
important for the complex projects. The design, time, BIM process and construction
managements play their role in development, and also require a collective decision-
making, with collective skills and competences brought in by project stakeholders.

There are many collaboration groups on a construction project, and in correlation
with the project goals we summarize general collaboration groups descriptions, identi-
fy their collaboration type and decision-making class.
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Groups are highly dependent on a project, however, with a collaboration persona
approach for such a group description it is possible to design a new configuration for
the methodology and equipment which will be relevant for a collaborative decision-
making scenario on BIM projects, and for 4D BIM uses in particular. The new con-
figuration aims to provide an efficient collocated synchronous digital collaboration
and preserve the digital continuum. Thus, it is important to understand how the pro-
ject groups collaborate and interact at decision-making to optimize the configuration.
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