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Abstract

Social Network Analysis (SNA) has not been used to study design project teams in
which the full interactions have become more complex (formal and informal) because the
team members are from different companies and there is no collocation. This work
proposes a method to understand the interactions in the design teams of construction
projects using SNA metrics and the sociograms generated within temporary organizations.
This study includes three stages: (1) a literature review of the dimensions of interactions
within work teams and the application of SNA to the architecture, engineering and
construction (AEC) industry; (2) a proposal of an interaction network method for
construction project design teams; and (3) an analysis of a pilot project. Interaction
networks were defined in two categories: general interactions and commitment
management. For each network, metric indicators were defined for the analysis. The pilot
project showed high levels of consistency among team responses. The proposed method

allows an analysis of the entire work team and of each individual team member. The
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method also makes it possible to analyze the work team from a global perspective by

carrying out a joint analysis of two or more networks.

Keywords: interaction, interaction metrics, sociograms, information flow, design teams,

social networks

INTRODUCTION

The architecture, engineering and construction industry (AEC) is fragmented into
several specialties that correspond to the different phases of a project (Dainty et al. 2001;
Love et al. 2002). A high degree of fragmentation requires better interaction between the
specialties (Ng and Tang 2010). The interaction of a work team is generated through
communication, coordination and collaboration among the participants (Schoéttle et al.
2014). This interaction can be represented as the information flow between the right people
at the right time (Dave et al. 2014; Al Hattab and Hamzeh 2015).

Poor interactions in work teams can lead to poor performance, both in the
implementation of each phase (design, construction, maintenance, operation and
deconstruction) and globally in the life cycle of the project (Baiden et al. 2006). This
phenomenon is particularly important at the design phase because decisions made at this
phase can significantly affect the following phases, and the cost of making changes at this
phase are insignificant compared with the cost of implementing changes in future phases
(American Institute of Architects California Council 2007).

The client usually chooses a project coordinator or design manager at the design phase
of a construction project to lead this phase and manage the interaction between all the

specialists, such as architects, structural, electrical and sanitary specialists, and others
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(Knotten et al. 2017; Oluwatayo and Amole 2013). Because the AEC industry is
fragmented, the level of subcontracting of the specialties has been increasing in recent years
(Oviedo-Haito et al. 2014).

More fragmentation requires more interaction, which must be approached by
considering the social and technological factors. These factors together allow the
information flows to be suitable for the desired interaction. A project team with greater
interaction may generate an increase in trust and learning in work teams, achieving high
levels of commitment and understanding between the participants (Phelps 2012). Flores et
al. (2014) claim that by improving the interaction of information flows between people,
improved project performance can be achieved. An interaction in a work team can be
represented as a network of commitments among its members, who establish reliable
commitments among themselves, to achieve the objectives of the project (Viana et al.
2011).

Evaluation of the interactions between members of a work team is challenging. One
approach to this issue is to measure teamwork with instruments; Valentine et al. (2015)
present a literature review from 2012 in which 39 instruments are identified for measuring
teamwork with surveys. Most of these instruments include dimensions such as
communication, coordination and respect. Although the study by Valentine et al. (2015)
includes a large number of instruments that evaluate teamwork, these instruments carry out
a general evaluation of an organization and thus do not allow the identification of the
frequency and dimension of interaction that is generated between the people within the
organization who participated in the surveys. In addition, many of the instruments that
measure teamwork evaluate it from either an individual or a global perspective, but not

both (Paris et al. 2000).
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A tool for assessing interaction from an individual and a global perspective
simultaneously is Social Network Analysis (SNA), which has been used to evaluate the
information flow in AEC industry organizations (Alarcon et al. 2013). SNA uses graph
theory to explain the relationships that exist among a group of people based on
mathematical metrics, such as the density, length and diameter of the network and other
metrics (Marin and Wellman 2011).

There are studies evaluating the social networks in the AEC at an organizational or
company level (Castillo et al. 2018a; Segarra et al. 2017) or at the level of a construction
project (Castillo et al., 2018b) in which all the participants are from the same workplace.
These studies use standard social network metrics for all the dimensions of interactions
without providing a specific interpretation for each network. In addition, such metrics are
applicable to large organizations, and they are difficult to interpret in small work teams,
such as temporary organizations created during the design phases of construction projects.
A large organization is defined as one that exceeds the limits of medium-sized companies
(250 people) and small companies (49 people) (European Commission 2003); however, it is
difficult to clearly define the size of a network to characterize it. Richards and Macindoe
(2010) propose that a small network is one with fewer than 100 members, while a large
network has more than 1000 nodes. Therefore, design project teams are small social
networks because the number of members is fewer than 50 people. According to a previous
report (Segarra et al. 2017), when a network is small, there is a greater possibility of
sharing important information because the network facilitates interaction among its
members.

Previous studies on social networks in the construction industry provide valuable

information mostly about large organizations (e.g., Flores et al. 2014) in construction
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companies of more than 100 employees. However, there are fewer studies analyzing small
groups (fewer than 50 people); there are only preliminary studies of architecture (Segarra et
al. 2017) and construction teams (Priven and Sacks 2013). In addition, these studies do not
include an evaluation of the interaction from the perspective of the commitment network
among the members of a team. SNA has been carried out in design teams with participants
from different companies using information obtained from BIM log files that are registered
in collaborative design software (Zhang and Ashuri 2018); however, this methodology can
only be used in BIM design environments, and certain informal communicative actions
typical of the design process are lost, such as telephone calls and face-to-face
conversations.

SNA has not been used to study design project teams in which the full interactions have
become more complex (formal and informal) because the team members are from different
companies and noncollocation obstructs the information flow. Design teams play a very
important role because they create design concepts. During the design process, the teams
adjust the client’s requirements to the project before the planning phase (Oluwatayo and
Amole 2013). To perform this task, the design offices form multidisciplinary working
groups within their own or with other organizations, and these groups are divided into task
teams (Sonnenwald 1996). This project approach has evolved from a tool-oriented
understanding of projects, in which it is compared with a production function that
transforms inputs into outputs through mathematical formulation and planning (Turner and
Miiller 2003), to a consideration of the project as a temporary organization (Sydow and
Braun 2018). In contrast to the social networks of construction companies, the social
networks in design offices are generally small and have greater change dynamics due to the

short duration of their production processes (Pryke 2012).
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Considering this knowledge gap, this study proposes a method to understand different
dimensions of the interactions in construction project design teams through the analysis of
social network metrics and sociograms generated within these types of temporary

organizations, in which the members of the design teams are from different companies.

RESEARCH METHODOLOGY

To achieve the objective of this work, the research was divided into three stages: (1) a
literature review of the dimensions of interactions evaluated in the AEC industry and
different experiences of SNA implementation, (2) a proposal for an interaction network
method (measurement and analysis) for construction project design teams, and (3) an
evaluation and analysis of a pilot project to exemplify the use of the tool. These stages are
displayed in Fig. 1.

In the first stage, a literature review of specialized journals in engineering and
construction project management and of the proceedings of major conferences held
between 2008 and 2019 was carried out. The search was carried out in the following online
libraries: Engineering Village, Web of Science and Scopus. The topics sought were
interaction, teamwork, team effectiveness, SNA, team integration and team collaboration;
all the papers selected were from the AEC industry. This first review aimed to identify the
dimensions of teamwork, which can be defined as an interaction between two or more
people in a design team. The literature review identified a perspective of the interaction of
work teams associated with the commitment network generated among them. Therefore, a
list of dimensions of interaction was compiled and grouped into two categories: traditional
interaction and commitment management. In addition, a review of the literature associated

with the use of SNA in the AEC industry was conducted. Some metrics and characteristics
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of this type of analysis were presented, exemplifying different case studies reported in the

literature. Finally, the gap between the dimensions of the interactions associated with an

effective team and the use of SNA in the AEC industry was identified.

Stage

[1] Types of
interaction
networks: literature
review

[2] Proposal for a
network evaluation
method: metrics
and sociograms

[3] Pilot project:
evaluation and
analysis

Research tools

Activities

Literature review

Identification of interaction in a team
work

[

Identification of SNA experiences in
N

the AEC industry

[

Deliverables

List of dimensions of interaction
networks in construction project
design teams

Expert Identification of a gap between
judgement interaction and SNA experiences
Describe each type of network to be
evaluated in design teams
Expert 1
Judgement

Development of a method to
evaluate the proposed networks

|

Survey to evaluate interaction
networks in design teams

Literature review &

Expert judgement

Definition metrics and sociograms to
be analyzed in each type of network

Description of the pilot project

[

List of metrics by each network

Survey
design team

Collection of interaction data from
the design team

l

Social networks and metrics
Pilot project

Social Network Analysis: metrics and
sociograms in each network

Fig. 1. Research methodology stages

In the second stage, the authors proposed a method to assess the interaction in a design
team of a construction project, using the design team as the unit of analysis. The list of
interaction dimensions for this type of project was the input to develop this stage, and the
team developed the interaction network method for the design teams of construction

projects in four multidisciplinary work sessions that included engineers, architects,
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builders, consultants and linguists. In the first session, the team described each dimension
of interaction that would be evaluated in this type of project and the type of link framed in
the SNA. In the second and third sessions, the team created the data collection survey and
identified the objective of the instrument, potential survey participants and distribution
method. In the fourth session, based on a review of the literature and its experience, the
team defined the metrics and sociograms that should be analyzed in each of the networks,
as well as the validation criteria. The final deliverable of this stage was the network
evaluation method in construction project design teams, which included a description of the
interaction dimensions, definitions of each interaction link type, the survey participants, the
collection method and the questions for the data collection, data validation, and definitions
of the metrics and sociograms to be analyzed for each interaction dimension.

In the third stage, the proposed SNA method was applied to a pilot project with the
objective of exemplifying the use of this method in terms of implementation and analysis.
The pilot project was a design team for a residential building project in the city of Santiago,
Chile. First, the main characteristics of the pilot project were described, e.g., project type,
location, members of the design team and some specific characteristics. Then, the
researchers collected interaction data from the design team through an online survey server
(the survey created in phase 2 was used). The input data were validated according to the
criteria proposed in the coherence analysis. Next, the metrics of each dimension of
interaction were calculated, and the sociograms were graphed. Finally, the authors

interpreted these metrics and graphs according to the literature review.
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LITERATURE REVIEW OF INTERACTION NETWORKS

This section is divided into three parts: the first part explains the different dimensions
of interaction that are generated in a work team; the second part describes some experiences
of using SNA in the AEC industry and identifies which dimensions of interaction were
evaluated and which metrics were used to carry out the analysis; and the third part
describes the gaps between the use of SNA in the AEC industry and the dimensions of
interactions in a work team with the objective of proposing the application of SNA to other

dimensions of interaction and analysis.

Dimensions of interaction in a work team

For a work team to be effective, several conditions associated with a compelling
direction, an enabling structure, a supportive organizational context and team coaching
must be present; teamwork has multiple dimensions that must be evaluated (Valentine et al.
2015). Specifically, some key performance elements of construction project design teams
are as follows: the encouragement of collaboration, creation of a unique and challenging
project, involvement of the team members in planning, commitment to the team,
acceleration of the team-building process, commitment of the members to the goal, a sense
of purpose, dedication to the time and effort required to form a team, opportunity for the
team members to become familiar with each other and the project, increased collaboration
in the whole project, identification of the design team member roles and trust between the
team members (Svalestuen et al. 2015).

Several authors have reported a set of factors or dimensions that directly impact the
effectiveness of a team in the AEC industry, and many of these factors are related to the

concept of interaction. This review found that one of the first studies on teamwork in the
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AEC industry was that of Baiden et al. (2006), who defined a list of 10 dimensions for an
integrated work team. The list was recently updated in the literature with the following
inclusion criteria: articles from the last five years; categories for the Web of Science
including “multidisciplinary engineering”, “civil engineering”, “construction or building
technology” and “architecture”; development of different dimensions or elements of
teamwork and not only the generic concept; and papers in the AEC industry professional
context. Educational papers were excluded from this study. Thus, the list was updated to 13

dimensions with the literature review of 17 papers from 2014 to 2019. Table 1 presents an

updated list of dimensions that affect the integration of a work team.

Table 1: Dimensions that impact a work team — percentage of paper that mentions it

Dimensions Description %
Single team focus and All members have the same focus and work 100.00%
objectives together towards team objectives (Baiden et al.
2006).
Seamless operation with no | Members form a new single project team withno | 70.59%
organization defined individual member identity or boundaries, so there
boundaries; coordination is a high degree of coordination among team
members (Baiden et al. 2006).
Mutually beneficial Achievement project goals that benefits all 47.06%
outcomes members
Openly accessible design Increased time and cost predictability, througha | 52.94%
and construction transparent information policy shared among all
information members(Baiden et al. 2006).
Unrestricted cross-sharing | Availability and access to all project information | 64.71%
of information to all parties involved in the project (Baiden et al.
2006).
Team flexibility and Require personnel join and leave the project team | 17.65%
responsiveness to change | as their skills are no longer required or are needed
(Baiden et al. 2006).
Creation of single and co- A single project team with all members located 47.06%
located teams together in a common office (Baiden et al. 2006).
Equal opportunity for Consultation of members for contribution at all 58.82%
project phases of project before decisions are made, i.e.
all members collaborate (Baiden et al. 2006).
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Equitable team All members are treated as having equal and 64.71%

relationships and respect significant professional capability needed on the
for all, trust and team project (Baiden et al. 2006).
chemistry
No blame culture Collective identification and resolution of 58.82%

problems and collective responsibility for all
project outcomes (Baiden et al. 2006).

Learning among team Team members learn from each other about 41.18%
members technologies, methodologies and ways of working
(Herrera et al. 2018).
Contract models or type of | To have a relational type of contracting system, 52.94%
project delivery where collaboration and integration of the project
is promoted from early stages (Svalestuen et al.
2015).
Identification of the design All team members should have a clear 29.41%
team members' roles understanding of their roles and responsibilities,
and that of other team members (Savolainen et al.
2018).

From these dimensions, the following dimensions of interaction can be deduced:
transfer of information, linking of trust, coordination and planning, and collaboration and
learning among team members. Undoubtedly, one of the most characteristic elements of an
effective team is associated with having and working for a common goal; however, this
factor, along with others, is not considered an interaction among team members. Therefore,
the researchers considered only the dimensions that can be represented as an interaction
between two or more people.

Typically, design teams adopt a goal-oriented approach by prioritizing and sharing only
what is necessary; therefore, they exhibit a distributed knowledge system, in which they
rely on each person properly knowing his or her role and on the concept that not everyone
needs to know everything to succeed in a design project (Kleinsmann et al. 2012). The
collaborative approach of team members is accompanied by systematic discussion and

negotiation (Kleinsmann et al. 2012); thus, a shared understanding among all the team
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members when they are making agreements is essential (Cash et al. 2017). This shared
understanding implies that the interaction of team members must be based on continuous
cycles of commitment (Viana et al. 2011).

Commitment cycles are understood as a network of commitments among the people in
a team (Flores, 2015). The commitments network approach emphasizes what people do
while communicating, how the language is used to create a common reality and how
activities are coordinated through language (Viana et al. 2011). Basic elements of this
perspective are speech acts, which are a set of rules for systematizing commitment
management (Searle 1969). According to Medina-Mora et al. (1992), one of the methods to
model commitment management is the action workflow. These researchers state that two
people are required to establish a commitment (a customer and a performer). The
commitment cycle has four phases: (1) request/proposal, (2) negotiate/agreement, (3)
declare compliance/performance and (4) declare acceptance/satisfaction (Medina-Mora et
al. 1992). The first phase is the request of a requirement from a customer (internal or
external) to someone who will perform the request. The second phase is the negotiation and
definition of satisfactory conditions and delivery dates between the customer and the
performer. The third phase is the execution of the requirement according to the negotiated
conditions and declaration of its completion (Searle 1969).

Finally, the fourth stage is the assessment, declaration of acceptance and feedback from
the customer (Searle 1969). The structure is defined by the language acts through which
people coordinate, not the action performed by individuals to meet the conditions of
satisfaction. Therefore, each of these speech acts can be considered specific dimensions of

interactions that are interconnected (Flores, 2015).
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Consequently, from the literature review, dimensions of interaction can be defined from
a traditional perspective and from a commitment management perspective. The traditional
dimensions of interaction identified were the following: transfer of information, linking of
trust, coordination, and collaboration and learning among team members. The dimensions
of interaction associated with commitment management are associated with each of the
speech acts, i.e., requirements, negotiation, declaration of completion and declaration of
acceptance (Long and Arroyo 2018). In addition, a basic element for all work teams is that

all members know each other’s roles and responsibilities.

SNA experiences in the AEC industry

SNA uses sociograms to represent relationships between different people (Hickethier et
al. 2013). People are represented by nodes, and the line between them constitutes a
connection or edge. Each network can be represented graphically with a sociogram and
with mathematical metrics, which can be classified into organizational or network metrics

and individual or node metrics (Al Hattab and Hamzeh 2015) (Table 2).

Table 2: SNA Metrics

Type Metric Definition
Node Degree How many other nodes a node is connected to (Alarcon et al.
2013)
Betweenness How many pairs of individuals are connected through a node
with the least number of steps: brokerage role (Hickethier et
al. 2013)
Closeness How close a node is to other nodes: depends on the shortest
average length (Al Hattab and Hamzeh 2015)
Network | Density How many actual links exist between nodes divided by the
number of total possible links in the network (Alarcon et al.
2013)
Mean Degree | How many other nodes a node is connected to, on average




262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

(Alarcon et al. 2013)

Clustering How clustered groups of people are compared to the rest of the
network, the existence of closed triads and small communities
(Hickethier et al. 2013)

Average path | How many steps, on average, nodes require to reach each

length other (Al Hattab and Hamzeh 2015)

Diameter How many steps, nodes require to reach each other
(maximum) (Al Hattab and Hamzeh 2015)

Modularity How dense are the connections between nodes within groups

compared to nodes with another group (Hickethier et al. 2013)

Another interesting indicator to assess project teams is the number of connected
components. Components are sets of nodes that are linked to one another through
continuous chains of connections; a connected network simply comprises a single
component (Scott 2017). The members of a component can communicate with one another,
either directly or through chains of intermediaries. On the other hand, isolated nodes have
no such opportunities; the number of connected components can be taken as an indication
of the opportunities and obstacles to communication or the transfer of resources in the
associated network (Scott 2017).

Social networks can be characterized as directed or undirected links. Undirected links
occur when two people have a bidirectional interaction obligation; in contrast, directed
links imply that the interaction flows from person A to person B. Therefore, directed links
can be unidirectional or bidirectional (Hoppe and Reinelt 2010) depending on the
dimension of interaction being analyzed. Except for their degree, the metrics presented in
Table 2 do not change based on whether the links are directed or undirected. In directed
networks, there is a degree of input or indegree (number of connections reaching the node)
and a degree of output or outdegree (number of connections leaving the node); the metric

degree is obtained as the sum of both (Scott 2017). In addition, connected components can
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be searched for in both undirected and directed graphs. However, there are important
differences between the two situations (Marin and Wellman 2011).

In the case of directed graphs, two distinct types of components can be identified:
strong components and weak components. A strong component is one in which the lines
that make up the paths are aligned in a continuous chain without any change of direction;
thus, it represents a set of agents among which such resources can easily and freely flow
(Scott 2017). On the other hand, in a weak component, it can be assumed that the mere
presence of a relationship, regardless of its direction, allows some possibility for
communication; thus, weakly connected components represent semipaths in the network
(Scott 2017). In the case of undirected graphs, because no directions are attached to the
lines, all paths constitute acceptable connections (Scott 2017).

The relevant characteristics to carry out an SNA are the following: type of organization,
dimension of interaction and metrics. Table 3 exemplifies each of these characteristics from
prior research that used SNA in AEC organizations. All these studies present case studies in
which an SNA was carried out, with the exception of the work of Al Hattab and Hamzeh
(2015), who present a theoretical analysis of an organization. In all the case studies
presented in Table 3, data capture is carried out through surveys (paper or online)
conducted on the participants of the analysis (Flores et al. 2014; Herrera et al. 2018);
therefore, it must be assumed that there may be some subjectivity in the input data of the

SNA.
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Table 3: SNA experiences in the AEC industry

Source org];);ﬁga(gon Types of interactions Metrics
. . Design team
(H;?k;[)hllg; t (complex Information flow Clustering; centrality
' project)
(Alarcon et al. Mining Interaction; information flow; 'Mean c.legree.; )
2013) companies problem solving; planning; trust diameter; density;
’ ’ average path length
(Priven and Construction
Sacks 2013) complex Information flow; trust Density
projects
) Interaction; information flow; Mean degree;
(Flores et al. Construction . . ) .
. problem solving; planning; diameter; density;
2014) Companies . .
innovation; trust average path length
(Al Hattab Density; average
and Hamzeh Design teams Interaction; information flow path lengthf
2015) modularity;
clustering; centrality
(Segarra et al. Architecture Interaction; information flow; Me?m degree;
) ) density; average path
2017) offices innovation
length
Construction .
(Schropfer et Density, degree,
al. 2017) complex Knowledge transfer betweenness
projects
(Herrera et al. Designs team Interaction; information flow; .
(complex . e Density
2018) . planning; learning; trust
projects)
Personal confidence, innovation . .
. . . . Diameter, density,
(Castillo et Construction development, interaction, average path leneth
al., 2018) companies relevant information exchange, 8¢ P gt

planning and problem solving

and average degree

From the examples presented in the AEC industry (Table 3), the networks most

frequently measured are those of interaction and information flow, and the metrics most

analyzed are those linked to the organization (density, diameter, average path length) and

not to the people (degree, centrality, betweenness). In addition, the analyses are performed

on companies (Alarcon et al. 2013; Flores et al. 2014; Segarra et al. 2017) or complex

projects (Hickethier et al. 2013; Priven and Sacks 2013; Schropfer et al. 2017), where the
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number of participants is high (50 people or more). Furthermore, in these studies, it is not
specified whether the links of the networks are directed or undirected, with the exception of
Al Hattab and Hamzeh (2015), who clarify that the interaction has undirected links. In
addition, none of these studies include a study carried out on the number of connected

components.

Gaps in SNA in the AEC industry

Two perspectives are identified within the dimensions of interaction: traditional
interaction and commitment management. According to the experiences found regarding
the use of SNA in the AEC industry, there is evidence of evaluations of dimensions of
traditional interaction in this industry, for example, interaction, information flow, problem
solving, planning, innovation, trust and learning. However, interactions such as knowledge
of roles and collaboration are not explicitly included because these elements have been
broadly studied as key elements in the effectiveness of a work team (Baiden et al. 2006;
Savolainen et al. 2018; Svalestuen et al. 2015). In addition, Kereri and Harper (2019)
recently proposed to use SNA for the evaluation of collaboration in construction project
teams. Furthermore, based on similar experiences in the AEC industry, there is no evidence
of interaction assessments associated with the perspective of commitment management,
although this element is key to a shared understanding in multidisciplinary teams in which
discussion and negotiation are common (Kleinsmann et al. 2012).

For each dimension of interaction, an analysis of the social network can be performed;
therefore, for each interaction, the links must be defined as directed or undirected,
according to the nature of the interaction (Hoppe and Reinelt 2010). According to the SNA

experiences in the AEC industry, this definition is not explicit; however, it is fundamental
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to the analysis of metrics and input data filtering because some metric calculations are
affected depending on the characteristics of the link (Scott 2017).

Because data capture is conducted through a survey of project team members, there will
always be some amount of subjectivity of the input data; therefore, an analysis of the
coherence of the input data must be performed before the SNA (Cisterna 2017). This
coherence analysis can be performed in undirected networks in which, theoretically, there is
a correspondence between the responses of the people involved, so that if person A wishes
to interact with person B, then person B must indicate the same (Cisterna 2017).

Although there are metrics for SNA that have mathematical interpretations, a practical
interpretation should be provided for the construction project design teams (less than 50
people) (Castillo et al. 2018a). In addition, new metrics should be proposed for the
dimensions of interaction associated with commitment management because these
networks interact with each other as part of a cycle, even though there are no SNA metrics
linking two or more networks. The definition of the link types (directed or undirected), the
coherence analysis to validate the input data and the definition of new dimensions of
interaction, and their metrics and interpretation must be included in the existing SNA

methodology (e.g., Alarcon et al. 2013; Flores et al. 2014).

PROPOSAL FOR A NETWORK EVALUATION METHOD: METRICS AND
SOCIOGRAMS
The objective of this evaluation method is to capture data from different dimensions of
interaction in construction project design teams. To develop the method, the following steps
were followed: (1) definition of the interaction dimensions and description and definition of

the link type for each interaction, (2) definition of the participants involved in the data
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capture and the data capture method, (3) definition of the questions (and type of answer) to

capture information for each interaction, (4) definition and analysis of the metrics and

sociograms for each dimension of interaction and validation data criteria and (5) data

collection and analysis.

Based on the literature review, the dimensions of interaction to be assessed were

defined. Tables 4 and 5 present the description for each dimension of interaction and the

type of link associated with each from the perspective of traditional interaction and

commitment management, respectively. The description of each dimension of interaction

and the type of link (directed or undirected) was determined by a multidisciplinary team of

professionals. This team included engineers, builders, researchers, architects and linguists;

all with experience in SNA and teamwork assessment in the AEC industry.

Table 4: Descriptions of types of interactions — traditional

Type of Description Type of Source
interaction link
Knowledge of When person A knows the role and Directed Proposal
roles and responsibility of person B, a one-way link
responsibilities is created between the two people. This
network is fundamental, since if the link
does not exist, it is difficult to make another
type of interaction.
Global interaction | Refers to any type of interaction between Undirected | (Alarcén
two people, these include telephone et al.
conversations, mail exchanges, 2013)
conversations or business meetings.
Relevant work Relevant work information is that flow Directed (Castillo et
information where person A sends necessary al., 2018)
information to person B that adds value to
the project but is not openly available.
Collaboration Collaboration refers to the act of joint work | Undirected | Proposal

between two or more people. It is
considered that working together implies
working with another person on the same
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task and at the same time, either in person
or virtually.

Planning and Collaborative planning and problem solving | Undirected | (Castillo et
problem solving | refer to the joint act of two or more people al., 2018b)
to define and redefine tasks, schedules,
resources, costs, risks, etc.
Trust When a person A trusts the work of a Directed (Priven
person B, a one-way bond of trust between and Sacks
A-B is created. 2013)
Learning When a person A learns something new Undirected | (Herrera et
from a person B, a learning link between A- al. 2018)
B is created. What is learned can be
something technical related to knowledge,
some skill or competence, or even an
attitude at work.
Table 5: Descriptions of types of interactions — commitment management
Type of Description Type of Source
interaction link
Request for The speaker (customer) is asking a potential | Directed (Long and
requirement performer for action around a requirement. Arroyo
2018)
Requirement The customer and the performer clarify the | Undirected | (Viana et
negotiation requirement and define conditions of al. 2011)
satisfaction, based on time, cost and
performance.
Declaration of | The performer reports facts and is prepared | Directed (Long and
compliance to offer evidence about the compliance of Arroyo
the requirement. 2018)
Declaration of | The customer reports a level of satisfaction | Directed (Long and
satisfaction and feedback about the compliance of the Arroyo
requirement. 2018)

The people involved in the analysis are all those involved in the design phase, which

may vary depending on the nature of the project. The roles that may be stakeholders are the

project manager, architect, structural engineer, client, client representative, geotechnical

engineer, MEP engineer, BIM manager, planning engineer, general contractor and others

(Al Hattab and Hamzeh 2015). The interaction data capture tool is a survey that must be
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answered by those involved in the design phase. Because these stakeholders typically do
not work in the same place, it is easier to use an online survey server. It is recommended to
have a meeting with the project manager to discuss the scope and benefits of the analysis
and to list the participants and their roles before sending the survey to all the participants.
The data capture survey has a question for each dimension of interaction. For each
question, the respondents are asked to identify the other people and the dimension of
interaction they had in a defined period of time; this time depends on the context of the
project being assessed and the purpose of the assessment, e.g., if a design team wants to
evaluate only the detailed design phase, then the period of time should correspond to the
duration of this phase of the project. In this case, the researchers used “the last twelve
weeks”, based on previous experiences (Segarra et al. 2017). In addition, examples are
provided to ensure the question is understood. There are three types of answer for each
question: yes/no per person, number of times per person and frequency per person. Table 6

shows the answers associated with each type of network.

Table 6. Types of response for each type of interaction

Type of interaction Response

Knowledge of roles and | Yes/No

responsibilities

Global Interaction

Trust

Learning

Relevant work Always (1 or more times per day) / Often (1 to 4 times per
information week) / Sometimes (1 to 3 times per month) / Never (less than 1
Collaboration time per month)

Planning and problem

solving

Request for requirement | Yes/No

Requirement negotiation | Always (over 80% of the time) / Often (60% to 80% of the
Declaration of time) / Sometimes (20% to 60% of the time) / Never (less 20%
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compliance of the time)
Declaration of
satisfaction

After capturing the data, it is necessary to validate their reliability. Therefore, a
coherence analysis is carried out on the undirected network “global interaction”. Coherence
analysis in undirected networks differentiates between valid and invalid interactions: if
person A wishes to interact with person B, and person B wishes to interact with person A,
then the interaction is valid; if person A wishes to interact with person B, and person B
does not wish to interact with person A, then the interaction is invalid. Therefore, it is
possible to calculate a percentage of valid connections (PVC) as the proportion between the
valid connections and the total connections (valid and invalid). It is recommended to define
a sufficiency condition or limit for this percentage, which ensures that the input data are
reliable and thus allows the SNA to continue (PVC must be defined by the assessment
team). The PVC has been obtained in other studies, and these values varied between 50%
and 90% (Cisterna 2017); however, there are no studies that provide information on the
definition of the PVC limit. In this case, the researchers used a pragmatic vision based on
general rules such as the concept of Pareto, which considers 80% predominant to explain a
phenomenon (Craft and Leake 2002), or such a typical confidence level value (80%) used
in risk analysis of the construction industry (Alarcon et al. 2011). Therefore, the team
defined a limit percentage of 80% of valid connections for the data to be reliable; if the
percentage was less than this condition, it may have meant that the question was understood
differently by the different survey participants.

If the validation of input data has a positive result, then the networks are represented

through an adjacency matrix. This matrix represents the link between pairs of people
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through a weight; the weight depends on the type of response. Ones and zeros correspond
to responses of yes and no, respectively, and for answers of frequency, “never” is scored
with a zero, and the different levels are classified either in an ascending scale (1, 2, 3) or
with the value of 1 for all responses other than “never”. In directed networks, it does not
matter whether the links are unidirectional or bidirectional, but in undirected networks,
there must be a unique link between person A and person B. Therefore, it is necessary to
make a prior filter eliminating all the invalid interactions. Then, the adjacency matrix must
be loaded on to software that allows SNA, which provides metrics and sociograms for each
dimension of interaction.

The sociogram analysis makes it possible to visually identify people or groups of
people who are disconnected or isolated, central people and people who serve as brokers or
bridges. It is interesting to analyze the changes generated in pairs or groups of networks:
knowledge of roles—global interaction, global interaction—work information, collaboration—
planning, trust-learning and all commitment management networks. To perform metrics
analysis, it is not necessary to analyze all the social network metrics in each type of
network; thus, depending on the network, the metrics to be analyzed are selected.
Furthermore, in some cases, it is interesting to analyze metrics with data from different
networks. Table 7 presents the list of metrics for each network. In the next section, an
interpretation of each metric is performed using a pilot project.

To apply the proposed method, the activities outlined in Fig. 2 should be carried out.
For the creation of the survey, it is first necessary to establish the initial conditions, such as
(1) the definition of the interaction time period (e.g., the 12 weeks used in this pilot
project); (2) definition of the data collection method, which, for noncollocated teams, is

usually an online survey server or an in-person survey; (3) definition of the study
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participants (client, architect, specialist engineers, project manager, etc.); (4) definition of
the limit for the PVC for validation of the reliability of the answers obtained; and (5)
selection of the software to carry out the SNA (there are several free software packages
such as Gephi and iGraph). Second, the survey should be created considering all the
previous information, the descriptions of the interaction dimensions (Tables 4 and 5) and
the questions and answers for the evaluation (Table 6). Third, the survey should be sent to
the defined participants and the data collected; for small teams, it is recommended that
100% of the defined participants respond. Then, with the information collected, the data are
processed using the selected software, according to the type of link of each interaction
dimension, directed or undirected (information available in Tables 4 and 5). Then, the
metrics are calculated according to the definitions in Table 7, and the PVC limit criterion is
reviewed to determine whether the analysis can continue. If the PVC criterion is satisfied,
then the sociograms are created and the analysis proceeds. Finally, the analysis consists of
two parts: an analysis of the metrics and sociograms according to the project context, which
can be done between the assessor and project manager, and a comparative analysis with
other experiences in the AEC industry reported in the literature (Table 3).

Table 7. Proposed metric for each network

Type of network Metrics
Knowledge of roles In-degree of each node; Mean in-degree of the network
and responsibilities
Global interaction Degree of each node; Mean and range degree of the network;
Network density; # connected components
Relevant work Percentage of bidirectional links; In-degree and out-degree of each
information node; Mean and range degree of the network; Network density; #
Learning weakly and # strongly connected components
Collaboration Percentage of bidirectional links; Degree of each node; Mean and
Planning and problem range degree of the network; Network density; # connected
solving components
Trust # links trust network / # links knowledge of roles network




Request for In-degree and out-degree of each node and the sum
requirement
Requirement Negotiated links / (requirements links / 2)
negotiation
Declaration of Compliance declaration links / requirements links
compliance
Declaration of Satisfaction declaration links / requirements links
satisfaction
457
Definition of initial
L Definition of period of time of the interaction evaluation (e.g., 12 weeks) ‘
conditions
Definition of data collection method (e.g., online, in person) ‘
Definition of participants (name and email) ‘
Definition of percentage of validate connection (PVC) limit (e.g., 80%) ‘
Selection of SNA software (e.g., Gephi, igraph) ‘
Interaction dimension
Table 4 & Table 5 +
I - -{ Creation of survey ‘
Question and answers
! L}
L _Ta_l:ll_e_g__ — Send survey to participants and collection data (100% of
participants)
Data processing
Interaction link |
Table 4 & Table 5 | -{ Software processing according link type ‘
Metrics ' ) . T . - ‘
Table7 ~ Calculation of metrics and validation according PVC limit
- L]
Creation of sociograms ‘
Analysis
Analysis according to project context
SNA — AEC industry
Table 3 '{ Benchmark analysis with other projects
458 e
459 Fig. 2. Proposed method for understanding interaction in design teams
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PILOT PROJECT: EVALUATION AND ANALYSIS

A pilot project was used to exemplify the use of the tool. The pilot project involved the
design team of a project to build a 28,500 m? residential building consisting of 22 floors
and two sublevels, located in the city of Santiago, Chile. This project had two important
characteristics: (1) the client was the same company as the builder, which led to the
expectation of a global vision for the project in its design and construction phases; and (2)
all the specialties of the design phase were contracted to different companies, which was
the opposite of a collocated situation.

During the design, 12 people participated in the following roles: project manager (PM),
client representative (CR), architect (A), geotechnical engineer (GE), structural designer
(SD), structural reviewer (SR), electrical specialist (E), plumbing specialist (P), gas
specialist (G), pool designer (PD), irrigation designer (ID) and landscape designer (LD).
The PM and CR were part of the client’s company, and the rest of the personnel were from
different companies, so much of the interaction was through emails and phone calls. In this
project, only the architecture office worked on a BIM platform and the specialties in a
traditional way (2D drawing and specialized analysis software) (Rojas et al. 2019), so it
was not possible to capture the interaction data that were logged in the BIM environments.
All the stakeholders answered the online survey to provide data about the team interaction.
The analysis of the consistency of the responses of the global interaction network gave a
percentage of valid interaction of 85.71%; thus, the input data were reliable for performing
the SNA, according to the 80% limit proposed by the research team.

Currently, there are no studies that define the ideal range for the metrics; however, a
comparative analysis was performed using the values obtained from projects of similar size

(number of participants). Because a project is a temporary organization in which all the



485  participants have the common objective of carrying out the design, it is expected that all the
486  participants know their roles, and the mean degree must be close to the number of
487  participants minus one. In the pilot project, the average grade was 4.33, i.e., one person
488  knew the role of approximately four other people. Fig. 3 (left) shows the role knowledge
489  network, in which the size of the nodes is proportional to the level of knowledge of the
490 entire organization toward that node (indegree). Therefore, in this organization, the
491  knowledge toward the project manager was at the first level, with the area of architecture
492  and structures at the second level and other design specialties at the third level. In a small
493  team such as the one in this project, one would expect all the specialists to know the roles
494  and responsibilities of the others (Svalestuen et al. 2015). However, on average in this

495  project, each person knew the role of only one-third of the team.
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499 In the global interaction network (Fig. 3 center), all the nonreciprocal connections first

500 needed to be eliminated because it was an undirected network. The density of this network
501 was 0.273 with a mean degree of 3, i.e., an average person connected with three others.

502 However, there was also a high variability (range equal to 9). Thus, the lowest degree was
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1, and the highest degree was 10. This density value was low compared to the value
obtained in the airport design teams in which the density of the interaction network was
approximately 0.5 (Herrera et al. 2018). This phenomenon may have been due to the
context of the typology of the project, e.g., in architecture offices the density varies
between 0.4 and 0.5 in teams of this size (Segarra et al. 2017), or in construction teams on
the worksite, the density varies between 0.4 and 0.7 (Priven and Sacks 2013). The project
manager is the node with the highest number of connections, and from this node there is a
connected group (number of connected components equal to 1). In this work, the project
manager was an important node of articulation, because if it was taken out of the network,
then the number of connected components increased to five, leading to a team with two or
more subgroups (in this case five), in which the interaction between the specialists and
other team members might be difficult. Note that in this case, the global interaction network
is a subnetwork of the role knowledge network, i.e., for people who can interact, first the
roles of each of the team participants must be presented and defined. Therefore, the kick-off
meetings are essential to initiate the expected interaction between the different
professionals (Koo et al. 2013), and they should be utilized in all project teams.

Fig. 3 (right) shows the relevant work information network in the pilot project, and the
thickness of the arrow represents the frequency of the information flow, i.e., the network. A
thicker arrow shows a higher frequency of information. The reciprocal connections, which
constituted 67.65% of the information network, included the participation of the client’s
representative, the project manager, the architect, the structural designer and a few
specialist designers. The density was 0.258, which was low compared to the value obtained
in airport design teams in which the density of the interaction network was approximately

0.4 (Herrera et al. 2018). Moreover, in larger design teams (between 40 and 60 people) the
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integrated density was approximately 0.1 (Al Hattab and Hamzeh 2015). Thus, a team four
or five times larger than the pilot project only reduced the density by half. The mean
indegree was 2.83, and its range was 7; the mean outdegree was 2.830, and its range was
10. Therefore, there was high variability regarding the sharing of work information, which
demonstrated an inhomogeneous flow of information that focused on the project manager
and the architect. There was one weakly connected component and five strongly connected
components. Thus, the network was weakly connected, and, as in the interaction network, it
was strongly dependent on the project manager, which was contrary to the goals of lean
management practices regarding the transparency of information (Wesz et al. 2018) and
was greater among the specialists through technology (American Institute of Architects
California Council 2007).

Collaboration and planning are strongly related to problem-solving networks because
planning can be a type of collaboration. Therefore, the planning network should be a subnet
of the collaboration network. Both types of networks have undirected links, and all invalid
connections must first be removed. In the case study, both networks had similar
characteristics, which was evidenced by their indicators. The proportion of reciprocal
connections was 90.32% in both cases, which explained the high reliability of the input
data. Additionally, in both networks, there were two disconnected people (three related
components), meaning there was no collaborative planning. Finally, the collaboration and
planning had a density of 0.212 and a mean degree of 2.330. Thus, there were 10 people
who were connected; however, for most of the opportunities the project manager was the
intermediary (Fig. 4). Therefore, in this project, there were no planning activities and
collaborative work because the planning was carried out in meetings of two or three people

and not among the 12 people who made up the work team. Current technologies and design
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methodologies support collaborative work and planning among the specialists to achieve
greater understanding and time efficiency in projects, which produces better results in the

designed product (Rahmawati et al. 2014).
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Fig. 4. Collaboration network (left) / Planning and problem-solving network (right)

The level of trust between members of a team is fundamental for a team to be effective
(Austin et al. 2015). In the pilot project, the trust network was created (Fig. 5). In this
project, there were 36 connections of trust and 52 connections of knowledge of roles, which
meant that the relative level of trust was 0.690 in the network and that there was a high
degree of trust between the people who knew each other. However, note that the level of
knowledge of roles in this organization was low (density 0.394); of the four people a team
member knew, he or she trusted two or three, on average. Therefore, in this team, there was
no problem of trust but rather of knowledge of the team and greater collaboration.
However, there was no evidence that an increase in the links of knowledge would result in

an increase in the network of trust, but it is known that through collaboration and
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collaborative planning, trust can be strengthened (Flores et al. 2014). To learn from another
person, it is necessary to trust that person (Karp et al. 2019); therefore, the learning network
is a subnet of the trusted network (Herrera et al. 2018). In the case study, a small learning
network was obtained, in which only 9 of the 12 stakeholders of the project participated and
in which their level of connectivity was weak because their mean degree was 1.083, their
density was 0.247 and the percentage of reciprocal connections was 7.69%. Thus, an
average person learned from only one person, although there was an opportunity to learn
from 11 others. Therefore, in this project, there was an important growth gap in the learning
network, given that organizations need to be constantly learning, especially with the

implementation of new technologies (Wong et al. 2014).
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Fig. 5. Trust network (left) / Learning network (right)

The multidisciplinary design process involves continuous discussions and negotiations
among the participants, so it is essential to manage the commitments correctly (Cash et al.
2017). A network was created to allow for each step to have a reliable commitment (Fig. 6).

The request for requirements network is a measure of the requests made by the people
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involved for some task or document. The indegree of person A represents the number of
people who request something from person A and not the number of requirements that
person A has, and the outdegree of person A represents the number of people to whom
person A is sending a request. In the pilot project, the sum of the input degrees of each node
was 27, which meant that there were 27 connections between people, of which 7 were
unidirectional and 20 were bidirectional. In the negotiation requirements network, the
connections can be visualized as a negotiation between those involved. With this
information, the percentage of negotiated requirements in the pilot project was calculated to
be 51.85%.

After a request, the requirements correspond to a declaration of completion. In the pilot
project, the percentage of declaration of compliance was 59.25%, and when only the
negotiated requirements were reviewed, the percentage reached 100%. Therefore, the
discussion generated in the negotiation required a “following compliance declaration”. The
percentage of declarations of acceptance was 62.96%; the customer declared satisfaction in
approximately 6 out of 10 requirements. For cases in which the only declared requirement
was fulfillment, the percentage increased to 93.75%. This result confirms the need to
include these four steps in the process of creating the correct management commitment

requirements and to ensure a shared understanding among the participants.
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Fig. 6. Commitment management networks

To summarize, in the pilot project, weak interactions were identified that were strongly
centered on the project manager, with low interactions between different designers. This
low interaction was initially caused by a lack of knowledge of the roles of the members of
the team, a critical element in the project, in which each designer was from a different
company. Thus, the kick-off meeting was fundamental in this project (Koo et al. 2013).

Regarding commitment management, a low level of negotiation of requirements (clarifying
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deadlines, resources, scope, etc.) was identified, which affected the declarations of
compliance and satisfaction without achieving the cycle for correct commitment
management. Therefore, there was no continuous cycle of commitments affecting the
shared understanding among the team members (Viana et al. 2011), which may have
affected the design process, generating more rework or other wastes (Cash et al. 2017).

The application of the method involves three major efforts: (1) obtain answers from all
the participants of the survey, (2) process the data with software, and (3) analyze the data
and understand the context. To obtain answers from all the participants of the survey, the
evaluator must have an internal organizational partner to facilitate the process. In addition,
the people should understand the questions equally, so the coherence analysis is
fundamental. In the pilot project, a PVC of over 80% was achieved, demonstrating that
there was a good understanding of the questions by the respondents. Additionally, the
creation of the questions for each type of interaction should be done with an understanding
of the industry context and the language used by the design team being evaluated. In this
case, the survey was created by a multidisciplinary team of engineers, architects, builders,
consultants, and linguists, which allowed a broad and contextualized view of the
characteristics of a design team. Then, to process and analyze the data, the evaluator must
understand that, with this method, the results of the analysis give no answers but reveal
where to ask questions (Alarcén et al. 2013), so it is essential to understand the context of
the organization. There are two main limitations to the application of this method: first,
there is no willingness on the part of the work team to respond judiciously to the survey;
and second, the study has a punitive purpose. These limitations affect the objective of
understanding the design team interaction that would allow it to improve and strengthen the

channels in which the team interacts. In future studies, new types of interaction and new
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metrics can be added to analyze and understand the interactions of design teams in
construction projects. In addition, assessments could be done in conjunction with other

techniques for evaluating interaction and teamwork.

CONCLUSIONS

For a design team to be successful, the design participants must have high levels of
interaction. To evaluate the interaction, a method was proposed to understand the
interactions in this type of work team using SNA as a tool and evaluating the interaction
from a multidimensional point of view. The key dimensions of interaction in a design team
were identified and grouped into two groups: traditional interaction and commitment
management. The latter group is fundamental in design teams because there are instances of
systematic discussion and negotiation that oblige the team to have a shared understanding
of the actions to be followed. In addition, this was the first time that speech acts were
modeled using SNA. The SNA is a tool that allows global and individual analysis in a
visual format and with mathematical indicators. Each dimension of interaction is
represented as a network and may have an individual analysis; however, it is also necessary
to perform an analysis between two or more networks. The proposed method has the
following practical applications: (a) understanding the interactions of the design team from
several perspectives; (b) taking corrective actions to improve the interaction to make it
more efficient and less dependent on a single person; (c) recognizing the causes that
generate a shared misunderstanding among the members of the team; and (d) taking actions
in this matter, such as generating knowledge of roles, meetings for collective planning, and
opportunities for collaborative work. These benefits can improve the common

understanding of project requirements, reduce waste and increase the value of the design
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process. The application of the method requires that all the members of the design team
respond to the survey; therefore, there must be a commitment from the organization that is
being assessed. In addition, respondents should equally understand the questions, so the
evaluation team should write the questions in context and verify the PVC limit through
coherence analysis. In addition, the evaluation team and the design team should understand
this method as a tool for continuous improvement and not as a punitive mechanism.

There are some limitations to this method. The tool is used for evaluation over time;
therefore, comparisons should be made between projects with similar levels of progress. In
addition, the researchers only assessed a pilot project with the SNA tool. For future
research, it is recommended to perform assessments with this method on a large number of
design teams with different compositions, e.g., collocated/noncollocated teams, different
numbers of companies, different management systems and different technology application
levels (BIM environments), to understand how the context, management and technology
affects interactions between team members. In addition, it would be interesting to evaluate
new dimensions of interaction, study new metrics for small networks and analyze their
quality and evaluate the metrics between different networks. Furthermore, in projects that
work in BIM environments, it would be interesting to contrast the networks obtained from

the log files and the networks obtained with the proposed method.
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