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Abstract: There is no comprehensive understanding of the problems that may impact the performance
of the different actors that participate in the design of construction projects. In the absence of clarity
about the problems and challenges that may impact the interactions, it is not possible to propose
action plans to optimize the performance of the design teams. Therefore, this study proposes to
identify the main problems and challenges in the interactions of design teams in building projects.
A mixed review method is used to integrate bibliometric reviews, systematic reviews, and social
network analysis to build a complete picture of the reviewed topic while highlighting certain key
areas to ensure in-depth research. To achieve the objective of this work, the research was divided
into three stages: (1) study of interactions in design teams; (2) identification of problems in design
team interactions; and (3) study of problems in design team interactions. Through this study, four
current major trends of research were identified: (1) Collaboration and BIM; (2) Design teams in the
construction industry; (3) Design management; and (4) Collaborative design methodologies and
processes. In addition, the most relevant problems or challenges within design team interactions
arise in communication, collaboration, coordination, trust, and role identification.

Keywords: design teams; interactions; problems and challenges; construction projects; bibliometric;
networks

1. Introduction

The architecture, engineering, and construction (AEC) industry is a complex and
dynamic business since there are different actors involved in construction projects that are
aiming to meet their objectives with diverse interests and relationships [1]. The design
process grows in complexity as much as it increases the specialized knowledge provided
by a large number of design contributors from a wide variety of organizations [2], which is
stimulated by the specialty subcontracting practice [3].

Several groups of professionals play different roles in construction projects, with a high
level of fragmentation in the division of tasks and responsibilities among the professionals
that integrate the teams (architects, engineers, and surveyors, among others) [4]. Conse-
quently, the AEC industry is fragmented into several specialties throughout the different
stages of the project life cycle [5,6]. On the one hand, fragmentation indeed generates a high
level of specialization of each part; on the other hand, integrating the different specialties
becomes complex as the number of parts into which the work is divided increases, thus
requiring a better and greater interaction among the specialties [7].
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A low level of interaction directly impacts project performance [8]. Therefore, a
deficient interaction in the work teams of the AEC industry can result in poor performance,
both in the realization of each of its stages (design, construction, maintenance, operation,
and deconstruction) and at a global level in the project life cycle [9]. Thus, in order to
deliver successful construction projects, the design process requires collaboration among
multidisciplinary teams [10], in which the design team participants must have high levels
of interaction [11]. The latter is generated through communication, coordination, and
collaboration among the participants [12].

A higher interaction among the project team enhances the trust and learning of the
work teams, achieving high levels of commitment and understanding among the team
members [13]. Consequently, improving information flows among people allows for better
project performance [14]. For this reason, it becomes relevant to understand how the
interactions within the AEC teams work, particularly the design teams, since the design
decisions can significantly affect the whole project performance. Design teams play an
important role while creating design concepts and refining the client’s requirements for
the project [15]. Plus, design decisions directly impact on projects costs since the costs of
changes in this phase are negligible compared to the costs of changes in future stages [16].

Currently, some experiences have made it possible to study the interactions of design
teams in building projects. For instance, Hickethier et al. [17] examined the information flow
within design teams working in an IPD (integrated project delivery) project, concluding
that both collaboration and trust are central elements in projects with multi specialists.
Moreover, Svalestuen et al. [18] identify twelve key elements that influence a construction
design team; their findings conclude that the interaction between team participants is
fundamental to achieve good performance. In particular, elements such as knowing the
roles of the members of the design team, trust, and collaboration links. Another relevant
work is by Al Hattab & Hamzeh [19], which analyzes design errors with a strong focus on
interaction dynamics, communication, and information flow. Finally, Herrera et al. [11]
propose a method to understand interactions in construction design teams using metrics
from social network analysis (SNA) and sociograms generated within these temporary
organizations.

These studies seek to understand the interactions that exist in design teams in construc-
tion projects, however, there is no in-depth study of the factors that affect the interactions
in design teams. Therefore, there is no comprehensive understanding of the problems
that may impact the performance of the different actors that participate in the design of
construction projects. In the absence of clarity about the problems and challenges that
may impact the interactions, it is not possible to propose action plans to optimize the
performance of these teams in terms of communication, coordination, and collaboration.
Considering this knowledge gap, this study proposes to identify the main problems and
challenges in the interactions of design teams in building projects through the generation
and analysis of keyword co-occurrence maps of the main design problems and its networks
among the literature.

2. Materials and Methods

This research aims to identify the problems within the interactions of the design
teams. To achieve this objective, the mixed method literature review has been selected.
Unlike other methods of literature review, such as summarization of prior knowledge
(narrative review or descriptive review, for example), explanation (theoretical review or
realistic review, for example), data aggregation or integration (meta-analysis or qualitative
systematic review, for example), or critical assessment of literature (critical review) that have
specific approaches (from a single qualitative or quantitative viewpoint), the mixed method
integrates quantitative and qualitative approaches in the same research study [20-22].
Mixed methods aim to maximize the strengths and minimize the weaknesses of both
qualitative and quantitative methods [23]. This type of review can reduce the influence
of the subjective judgment of the manual qualitative review method and improve the
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depth and understanding of the results of the quantitative review method [24,25]. The
interactions and issues between the design teams are identified from the literature and
then studied to understand the results and draw conclusions. To achieve the goal of the
research, i.e., find the problems within the design teams’ interactions, the authors combined
a quantitative (bibliometric approach) and a qualitative (systematic approach) literature
review in this study [24,25].

In this research, the review through a bibliometric analysis was used as a quantitative
method, while the systematic literature review was used as a qualitative method. The quan-
titative approach was complemented with a network analysis and another bibliometric
study. A bibliometric study is a statistical analysis method that aims to visualize structural
and dynamic aspects of scientific research [26]. Bibliometric mapping serves as an impor-
tant technique within bibliometrics as it allows visualization of the knowledge domain
and the relationships between articles and journals, among others [27]. In this research,
bibliometric mapping was used to identify the knowledge domains and determine the
most frequent problems mentioned by researchers under these domains.

Fundamentally, keyword co-occurrence analysis was adopted to visually explore the
research databases, the distribution of the domains, and the main research trends in design
team interactions. In addition, the bibliometric study allowed an analysis of the most
productive journals and associated countries. In this way, it was possible to evaluate both
the historical progress and the main research directions to assess the status and growth
trend of the research field. Furthermore, the knowledge domain map is an image that shows
the structure of the scientific knowledge, depicted in numerous relationships between the
domains [28]. Therefore, the bibliometric study made it possible to generate a knowledge
structure around the research on design team interactions, facilitating the understanding
of the studied knowledge domain.

At the same time, a systematic review was carried out to provide a comprehensive
view of the existing research to identify the common problems in the interactions of design
teams, thus obtaining a first approach to the main problems related to this topic based
on their major mention by the authors. Finally, the bibliometric mapping was used again
to determine the main problems and challenges presented in the interactions of design
teams with a statistical and quantitative approach, generating a map of co-occurrence of
the problems identified in each of the papers. This also made it possible to generate a
knowledge structure around the problems in the interactions of the design teams. This
bibliometric study was complemented with a network analysis and, in particular, the study
of the centrality metrics of the generated network. Centrality refers to the importance or
prominence of elements within a network. Therefore, these metrics allowed us to determine
quantitatively the main problems in this domain.

Consequently, a mixed review method is used to integrate bibliometric reviews,
systematic reviews and social network analysis to build a complete picture of the reviewed
topic while highlighting certain key areas to ensure in-depth research [29]. To achieve the
objective of this work, the research was divided into three stages: (1) study of interactions
in design teams; (2) identification of problems in design team interactions; and (3) study of
problems in design team interactions. Figure 1 shows the proposed mixed method.

2.1. Study of Interactions in Design Teams—Bibliometric Review

To obtain a general understanding of the knowledge domain, a bibliometric study
of the existing literature on construction design teams, their interactions, teamwork, and
collaboration was conducted. This stage was conducted with two main tasks: (1) data
collection; and (2) mapping and bibliometric study. First, a data-collection strategy was
developed, which involved determining the keywords and selecting the database to obtain
a complete dataset. The data collection from the existing literature included scientific
papers and articles from specialized journals in the AEC industry and the main congresses’
proceedings between 2010 and 2021. The last 10 years of research were selected since
experiences in similar bibliometric studies indicate that this is a sufficient period of time
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to analyze current trends and challenges in a research topic [25,30-33]. To perform data
collection in the fields related to design teams and teamwork, the search was conducted
in the Scopus and the Web of Science libraries. The reasons for selecting the databases of
Scopus and Web of Science are as follows: (1) they have a relatively wide range of coverage
in the domain of construction research compared with other databases [34-37]; (2) they
are a better choice for interdisciplinary research topics [37]; and (3) they have a wide
range of coverage on journal publications [38]. The search strategy was the application of

v 7

the seven following reference topics “design team”, “teamwork”, “collaboration”, “team
interaction”, “building”, “construction”, and “problems” combined into twelve search
possibilities (I to XII) in the fields “title, abstract and keywords”. The articles were selected
by applying the following inclusion/exclusion criteria: (1) focus on building/construction
engineering design; (2) focus on design teams; and (3) journals related to the AEC industry.
Articles regarding the design teams from other industries and topics related to engineering
education were excluded. The selected papers were included in the bibliometric analysis.
Figure 2 shows, in a simplified manner, the steps performed for the acquisition and selection

of literature papers.
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Figure 1. Research methods.

The 121 collected papers were analyzed according to their annual distribution (from
2010 to present), production by country, and publisher, including the main journals and
conferences. Then, a bibliometric mapping was carried out using the VOSviewer, an
open-access software [27]. This tool has advantages for the visualization of knowledge
maps and clustering and for being widely used in the development and visualization
of bibliometric analysis. Bibliometric maps, science maps, or scientograms, represent a
scientific domain [39]. The use of these diagrams provides a better understanding of the
structure of a scientific domain since the graphical representation of the different units and
their relationships facilitate their visualization [40]. They are mostly built on the principle
of co-occurrence relationships or the common occurrence of two units of information in
a document [41]. The main use of this software was for the generation of keyword co-
occurrence maps, allowing the visualization of the scientific domain and identification
of the main research areas within the knowledge domain in question, which allowed a
holistic view of the current branches and main topics of development of the research area
to be obtained.
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Figure 2. Outline of the literature collection and selection process.

The main objective of co-occurrence analysis is to describe the relationship and internal
compositional structure in each scientific domain and reveal the main research fronts. A
research front is understood as the conceptual combination of a research topic and emerging
theoretical trends and new topics [28]. To develop the domain knowledge about design
teams, the authors mapped the co-occurrence of keywords within the selected articles; the
mapping is based on distance. The distance between two elements reflects the strength
of the relationship between them [27]; a smaller distance generally indicates a stronger
relationship. The size of the element label reflects the number of articles in which the
term appears. A larger label size indicates that more publications contain that term. The
different colors represent different groups of grouped items using the VOSviewer grouping
technique [42].

2.2. Identification of Problems in Design Team Interactions—Systematic Review

Following the bibliometric study in Stage 1, a qualitative analysis of the selected
articles was carried out. This task was performed manually and aimed to identify the
problems and challenges in the interactions of design teams mentioned by the researchers,
based on a systematic review of the articles selected in the previous stage. The qualitative
analysis was divided into two main activities: (1) problem identification; and (2) problem
standardization and homologation. All of this was supported by a systematic review of the
selected articles.

In the first activity, the problems mentioned by the papers” authors were identified
through the document review. These papers were extracted and indexed in a bibliographic
database composed of the bibliographic characteristics of each document, namely authors,
title, year, source title, abstract, and keywords, with an additional index for the problems
identified in each article. In the second activity, each of the extracted problems were
standardized using a maximum of four words to describe the problem in a common
structure. Finally, a homologation process of the standardized problems was carried out so
that similar problems, or problems that essentially pointed to a common problem, were
matched. Upon completing these tasks, a list with a common structure and optimal order
was generated for the subsequent bibliometric analysis performed in Stage 3. As a result,
the problems identified in each article were compiled in a bibliographic database, which
also included the characteristics of the article itself.
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2.3. Review of Problems in the Interactions of Design Teams—Bibliometric Review and Systematic
Network Analysis

Once the problems mentioned by the authors had been identified, the VOSviewer
software was used again to perform a bibliometric mapping of the generated database, as
shown in Figure 1. For this purpose, bibliometric techniques were applied, such as word co-
occurrence, to identify the researchers’ main or most cited problems within the generated
database. In the literature, co-occurrence, co-words, or co-terms analysis is understood as
the study of the co-occurrence, or joint occurrence, of two terms in a given textual corpus
to identify the conceptual and thematic structure of a scientific domain [43,44].

Stage 3 was executed within two activities: (1) bibliometric mapping and study; and
(2) centrality metrics studies. First, bibliometric mapping was performed using VOSviewer
software. Bibliometric maps were generated based on the co-occurrence of the identified
problems and the frequency table (number of occurrences) provided by the same software.
Then, based on the co-occurrence map and the frequency table, the main problems were
identified by their greater co-occurrence, which is reflected in the size of the nodes in the
bibliometric map by their greater frequency and by their relationships with the rest of the
problems. The main problems were discussed in depth, analyzing possible solutions that
have been developed from Lean and BIM methodologies.

Finally, for a more accurate analysis of the main problems, the network centrality
metrics were studied using Gephi, a specialized network analysis software [45]. Gephi
allows visualizing, manipulating, and analyzing networks by providing graphs and quan-
titative metrics to form a deep understanding of the studied networks [19]. To study the
metrics of the generated network, the problem co-occurrence map made in VOSviewer
was exported to the software Gephi, from which the main network metrics were obtained
to identify the most important problems within the generated network. In graph theory,
several centrality measures have been defined for the nodes that make up these maps,
such as: (1) degree centrality, which represents the number of edges or connections that
a node presents [46]; (2) closeness centrality, which indicates the speed in which a node
can disseminate information to all the others, a strong closeness centrality indicates nodes
that are influential in the network [47]; (3) betweenness centrality, which is the number
of shortest paths on which a node is located, it indicates the ability of a node to establish
relationships with other nodes in the graph [17,47]; and (4) eigenvector centrality, which
indicates the importance of a node in the network through the principle that high-scoring
nodes contribute more to the score than connections with low-scoring vertices [47,48]. This
stage made it possible to identify numerically and graphically the main problems presented
by the interactions of the design teams.

3. Discussion and Results
3.1. Annual Quantitative Distribution of Literature

A total of 121 papers from the selected knowledge base were distributed chrono-
logically between 2010 and 2021, as shown in Figure 3. Preliminary assumptions can
be learned that relevant research on interactions in design teams and the problems that
impact them have remained relatively constant from 2010 to date. The peak of relevant
publications occurred in 2011 and 2017 with 16 articles each year, followed closely by 15
and 14 publications in 2014 and 2013, respectively. It is important to note that the articles
published in 2021 were retrieved in the first quarter of the year, so the total number of
articles for that period is incomplete. Although it is not possible to identify any growth
trend or any growing interest in the research area, it is possible to conclude that since 2010
there has been a steady development of relevant research about design team interactions.
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3.2. Quantitative Analysis of the Main Countries

According to the results obtained, the papers were produced in 37 different countries
(or territories); Table 1 lists the seven most productive countries. Most of the publications
are from Europe. However, the United States is the most productive country in relevant
studies on design team interactions with 29 publications, followed closely by the United
Kingdom with 28 papers. In third and fourth places are the Netherlands and Norway with
nine and seven publications respectively, and closing the list are Germany, Hong Kong,
and Israel, all with five publications each (Table 1).

Table 1. Top seven most productive countries of the selected publications.

Country N° of Papers Citations
United States 29 203
United Kingdom 28 337
Netherlands 9 109
Norway 7 66
Germany 5 36
Hong Kong 5 52
Israel 5 31

Figure 4 presents a heat map showing the publication density of the main research
countries. The higher the number of publications, the warmer the color is (red) and the
lower the number of publications, the cooler the color is (yellow). In addition, if concentric
colored clusters are shown, it means that there are close collaboration links between these
countries. As Figure 4 shows, the countries with the largest nodes are in the central
positions of the blocks in this density view. The United States and the United Kingdom are
observed in the most central positions and with warmer color trends. Strong ties between
the core countries are not discernible; however, the United States stands out with several
links around it, such as Canada, Norway, Netherlands, and Germany, so it stands out as an
open environment for collaboration. On the other hand, the United Kingdom lacks strong
ties around it, thus appearing as a more hermetic collaborative environment.

3.3. Quantitative Analysis of the Main Journals and Conferences

From the 121 relevant publications, a total of 73 journals and conferences papers were
identified, covering engineering, construction, design, management, architecture, building,
and other research fields. Table 2 shows the 20 most productive journals and conferences,
representing 56% of the total number of publications studied. Within the top journals
and conferences listed in Table 1, there are four conferences, one congress, and fifteen
journals. In general, the top journals and conferences analyzed are multidisciplinary or
interdisciplinary, indicating that the knowledge domain around design team interactions is
a multidisciplinary science and generally involves all disciplines of the AEC industry.
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Figure 4. The density of the main researching countries according to the total number of selected
publications.

Table 2. Main academic sources identified with two or more articles.

Source (Journal/Conference) N° of Articles

o=y
N

International Group for Lean Construction Conference
Association of Researchers in Construction Management Conference
Automation in Construction
ASME Design Engineering Technical Conference
Construction Management and Economics
Design Studies
International Conference on Engineering Design
Architectural Engineering and Design Management
CoDesign
Construction Research Congress
Design Principles and Practices
Design Science
Engineering, Construction and Architectural Management
Journal of Asian Architecture and Building Engineering
Journal of Construction Engineering and Management
Journal of Engineering Design
Journal of Information Technology in Construction
Journal of Management in Engineering
Journal of Mechanical Design
Procedia Engineering
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3.4. Keyword Co-Occurrence Analysis

Previously to the keyword co-occurrence analysis, all the existing keywords in the
publications, namely, 364 keywords, were grouped according to their topics. For instance,
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“BIM”, “building information model”, “building information modeling”, “building infor-
mation modeling”, and “building information modeling (BIM)” were unified into a single
term called “BIM”, reducing the total number of keywords to 337. Then, the bibliographic
information of these articles was entered into VOSviewer and the minimum number of
occurrences of a word was set to two, leaving out terms with no repetition within the
domain, which reduced the total number of keywords from 337 to 71. With this number,
a keyword co-occurrence map was generated as depicted in Figure 5, in which the key-
words were grouped into four clusters (represented by the colors red, yellow, blue, and
green) according to the highest similarity concerning each research topic. Table 3 details
quantitative information of the main keywords (four or more occurrences) presented in
Figure 5. Moreover, the average year of the publication shows the average period in which
researchers have mentioned a given keyword. The “Links” column corresponds to the
number of connections between a term and the others, while the “Total Links Strength”
column reflects the strength or weight of these links.
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Figure 5. Co-occurrence map of keywords.

Several findings are identified based on the co-occurrence map in Figure 5 and the
quantitative information in Table 3. Through the clustering of keywords, it was possible to
distinguish the main groups of terms associated with the predominant lines of research,
such as (1) collaboration and BIM; (2) design teams in the construction industry; (3) design
management; and (4) collaborative design methodologies and processes.

3.4.1. Collaboration and BIM—Cluster 1 (Red)

The main keywords in this cluster are collaboration, BIM, communication, agent-
based modeling, and virtual reality. This corresponds to the main cluster, where the two
keywords most frequently cited by the authors in the articles studied are collaboration and
BIM. These topics are a response of researchers to the criticism regarding the AEC industry
fragmentation and the necessity for change. The change promoted requires collaboration
and the application of emerging methodologies such as BIM that are seen as enablers
to build the integrated teams [4]. However, the design process often lacks collaboration
between design teams from different organizations, leading to problems such as insufficient
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information for critical decision making. Therefore, efficient and systematic information
exchanges between designers become essential to achieve design objectives [49].

Table 3. Main keywords in selected articles, four or more occurrences.

n Keyword Average Year of Publication Occurrences Links Total Link Strength
1 collaboration 2016 21 24 37
2 BIM 2016 19 31 46
3 design teams 2017 11 20 23
4 design management 2015 8 17 22
5 teamwork 2015 8 19 20
6 collaborative design 2014 7 9 10
7 communication 2016 7 14 19
8 design process 2016 6 8 10
9 construction industry 2017 5 4 6
10 agent-based modeling 2018 4 9 14
11 design collaboration 2017 4 6 6
12 facility management 2015 4 13 13
13 information flow 2015 4 10 13
14 trust 2014 4 8 8
15 virtual reality 2015 4 8 8

Additionally, terms such as communication, agent-based modeling, and virtual reality
appear frequently within this group. There is a strong link between BIM and communica-
tion because both BIM and lean practices drive information sharing and communication
within design teams and can shape the design process by minimizing the occurrence
of errors during the design process [19]. Although design involves collaboration that
increasingly requires dynamic and complex information exchanges between multidisci-
plinary teams, and although BIM has emerged as a solution to innumerable problems,
the design process continues to suffer from malfunctions, mainly attributable to a lack
of consideration of the inherent problems in the communication and behavior of design
teams when adopting BIM [50]. For this reason, it has been examined whether the adoption
of BIM can improve the design by considering both social interaction mechanisms and
information flow. The main methodology used for these purposes is agent-based model-
ing [50,51]. Alternatively, the design community has shown an increased interest in virtual
reality in project review contexts, thus encouraging the use of collaborative virtual reality
environments that facilitate design team participation and shared project exploration [52].

Finally, one of the major benefits of using BIM in the design and construction industry
is increasing participation and interaction between the various stakeholders. Although BIM
and collaboration are jointly researched in most cases, there are still significant problems in
design team interactions, mainly attributable to poor communication and weak information
flows. Following this research front, there are proposals, methodologies, and systems that
seek to integrate BIM with other elements such as virtual reality [53,54] in collaborative
work environments, which seek to reduce communication gaps and improve information
flows within the project stakeholders and the design team. There are drivers for the study
and implementation of BIM for building projects, but many of the BIM design tools lack the
capabilities to validate and verify more advanced project models, having to rely on other
specialized BIM tools. This makes it difficult to implement interoperable processes between
separate or non-colocated design teams. The solution to this is to implement solutions
that fulfill BIM with collaboration and communication between participants. Although the
BIM approach can be applied in any route of the bidding process, improving the overall
process and presenting several advantages, in some cases these types of implementation
lead to a certain level of isolation between the design and construction phases. As a result,
the process may lack knowledge and collaboration. Therefore, the implementation of BIM
must be accompanied by processes that foster collaboration between the stakeholders [55].
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3.4.2. Design Teams in the Construction Industry—Cluster 2 (Green)

The main keywords in this cluster are design teams, teamwork, construction industry,
facility management, and trust. This cluster is the second most dominant, where design
teams is the term visualized as the main theme of this group, and possibly of the network in
general, since it is located within the map as the most central term. In addition, teamwork
stands out as a second term within this cluster and the construction industry serves to
somehow limit this group only to design teams in this industry.

It is known that the effectiveness levels of design teams in the construction industry
are directly related to teamwork and this is reinforced in multidisciplinary design teams
where individual team members have specific competencies [56]. There are different mod-
els for design development and management: cooperative design, an approach based on
teamwork and interactions among stakeholders. While the literature emphasizes com-
munication as a key to good collaboration and teamwork, successful teamwork occurs
through efficient collaboration and communication based primarily on shared understand-
ing [2]. Today, distributed work teams are an increasingly common feature of engineering
design work; consequently, a key factor for successful teamwork is developing a shared
understanding, which is difficult in distributed design teams [57]. Now, for geographically
distributed teams, trust is an important factor affecting the performance of the design team
on a construction project, therefore, to improve performance, the factors affecting trust
must be identified [58]. Strongly efficient design teams are important for collaboration
among participants in the design phase. Trust is highlighted as one of the most important
elements influencing the performance of the design team, along with good collaboration
and role identification [18].

While there is a relative consensus on the factors that impact the performance of design
teams in the construction industry, there are still elements to contend with. One of them is
the spatial distribution of design teams. Not having colocated teams makes collaboration,
role identification, and trust difficult; moreover, the progressive trends of globalization and
specialization in the construction industry make collaboration between design stakeholders
in distant locations crucial [59]. This latter point has generated great interest in the study
of team dynamics and emotions [60] and mental models [61] to integrate and coordinate
design teams in the construction industry.

3.4.3. Design Management—Cluster 3 (Blue)

The main keywords in this group are design management, information flow, inno-
vation, interaction, and conflict. Design management is visualized as the main topic in
this group, however issues such as information flow, interaction, and innovation also
stand out. This is due to the fact that in the construction industry the design process
is a multidisciplinary and complex process that must be carefully managed to improve
the efforts of the different participants and the various organizations; it is in this context
that innovation and emerging technologies arise in order to achieve the integration of
the teams [4]. For this reason, design management is mainly associated with the use of
BIM and can be improved by using the new tools and methods introduced by BIM and
Lean construction. However, in current project practices the roles of people, design meth-
ods, communication, and information flow between designers are often derived from the
document-based design management era. Design teams can only partially adapt to the
new way of working [62]. During the design phase, coordination is related to information
flow management, which, when poorly managed, results in designers suffering from in-
formation overload. In these cases, increased information flow reduces the efficiency and
effectiveness of design communication [17].

Understanding the process by which information flows between project participants
is essential to improve design management. Construction projects are complex products
developed by teams. One of the main difficulties in design teamwork is to achieve a
continuous and smooth information flow. When it fails, it results in bottlenecks and rework
that negatively impact teamwork, reducing the final product quality [63]. Thus, design
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management has a strong connection with the information flow, which is in line with the
fact that taking management approaches and tools aligned with Lean construction in the
design phases increases the number of people involved and, therefore, also could increases
the need for coordination [17]. As design management in engineering and construction
involves multidisciplinary teams, this range of professionals provides great opportunities
for increased creativity and innovation [64]. For this reason, several studies within this
cluster focused on innovation in design, emphasizing the interactions between participants
and the possibility of building successful teams [65], analyzing the temporal relationships
between team members, and how the management of design, disagreements, and conflicts
influence the success of design teams.

3.4.4. Collaborative Design Methodologies and Processes—Cluster 4 (Yellow)

The main keywords in this group are collaborative design, design process, design
collaboration, conceptual design, design cognition, and virtual collaboration. This group
shows collaborative design and design processes as the most relevant topics in this research
area. The widely recognized importance of collaborative design has led to developing
frameworks and tools to support collaboration in the construction industry. Therefore,
collaborative and multidisciplinary design processes enable design teams to be more
effective and responsive to market challenges [66]. Effective collaboration during the early
design stages leads to less iterative cycles in later stages; however, there are major variables
during collaborative design processes, such as workflow, education, and practitioners’
backgrounds [67].

The other terms in the cluster are collaboration in design, conceptual design, and
virtual collaboration; they are relevant because in the conceptual design phase, communi-
cation for the synchronization of information generally requires designers to use digital
design tools that are flexible and intuitive. Full integration of people is not yet achieved
because conventional design methods continue to be used and have not been replaced by
appropriate digital formats [59]. In particular, in the early stages of construction projects,
which are considered the most critical phases, virtualization is increasing in sync with the
greater geographical dispersion of project teams [68], thus, virtual collaboration activities
are extremely relevant in non-colocated design teams.

This cluster highlights a line focused on design processes with a strong focus on the
collaborative area. Research includes how to improve collaboration within design teams
in the construction industry, which requires both the skills to recognize and diagnose
teamwork problems and the behavioral changes needed to correct them [69]. This stems
from a social perspective on work that suggests that both designers and clients should
work collaboratively over time to improve future work [70]. Therefore, research in this
topic points out the development of indicators and criteria of cognitive studies within
design teams to evaluate the performance of collaborative designs.

3.5. Analysis of Problems in the Interactions of Design Teams

This section presents the results of the systemic analysis of the selected articles in
conjunction with bibliometric mappings and network analysis to generate a new knowl-
edge structure focusing on the problems that affect design team interactions. From the
121 publications studied in this research, problems were identified through the systematic
review of 89 articles, discarding 32 publications due to the following reasons: they did not
present problems in design teams, or had no access.

3.5.1. Quantitative Analysis of Co-Occurrence of Problems

The co-occurrence of problems within the selected articles was mapped to construct
the domain knowledge about problems in design team interactions. Figure 6 is the co-
occurrence map of the identified problems, showing the general structure of the joint occur-
rence of the problems identified in each of the articles reviewed. A total of 129 problems
were identified. The detailed quantitative information for each of the keywords in Figure 6
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was tabulated in Table 4, which lists the main problems identified with an appearance or
occurrence greater than 10.
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Figure 6. Co-occurrence map of identified problems.

Table 4. Main problems in selected items, 10 or more occurrences.

n Main Problems Average Year of Publication Occurrences Links Total Link Strength
1 communication 2015 70 124 569
2 collaboration 2015 56 109 487
3 coordination 2015 41 103 369
4 trust 2015 30 95 300
5 information exchange 2015 28 77 238
6 fragmentation 2016 27 81 261
7 identification of roles 2016 26 89 263
8 project/design complexity 2015 24 74 211
9 no colocation 2014 23 79 221
10 high interdependence 2016 19 72 199
11 integration 2015 17 64 177
12 information flow 2014 16 56 134
13 cooperation 2013 15 59 155
14 knowledge exchange 2014 15 47 110
15 shared understanding 2016 15 57 133
16 team cohesion 2016 14 67 154
17 commitment 2014 13 70 174
18 project changes 2016 11 60 132
19 multiple disciplines 2016 10 50 112
20 transparency 2015 10 46 95
21 uncertainty 2016 10 52 102
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In addition, Figure 7 presents a heat map that visually shows the density of occurrence
of the main problems identified by zooming in on the center of the network, where the most
relevant elements are in terms of their number of occurrences and links. The concentric
blocks indicate that the problems occur simultaneously, which leads to the conclusion that
they are highly interrelated, i.e., that the presence of one of them may imply that there are
other problems around it or that the existence of root problems (those that are around it)
generate a larger problem (the most central ones).
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Figure 7. The density of occurrence of the main problems.

For example, in Figure 7, communication can be identified as the most central element,
triggered consequently by the elements concentric on it such as collaboration, identification
of roles, coordination, and interchange of information. Another interpretation of the heat
map is that the central problem generates these peripheral problems; in this case, it might
be that communication problems generate poor coordination, little coordination, and do not
allow the identification of roles or the exchange of information. Other elements identified
with a concentric tendency are trust, team cohesion, and knowledge sharing. Two more
valid readings can be recognized; that trust generates difficulties in team cohesion and
knowledge sharing, or that the latter might generate trust problems in the teams. A more
in-depth study would be needed to determine in which cases the perimeter problems
generate the central problems and vice versa. The subsequent use of centrality metrics such
as closeness or betweenness may help to give the first indication of this.

To better visualize the main problems identified in Figure 6, an approach was made
to the center of the generated network, where the most important nodes in the network
are located in terms of the number of occurrences, connections, and the weight of these
connections. Figure 8 shows an approach to the center of the generated network to
visualize the main elements grouped in that position. In this case, the analysis focused on
the behavior of the individual nodes and how they relate to the elements around them, i.e.,
it is more convenient to analyze the nodes and their links with the elements around them.
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Figure 8. Co-occurrence of the main identified problems.

Thus, concerning the network characteristics present in Figure 6, the density of occur-

rence in Figure 7, the quantitative data in Table 4, and the review of articles performed, at
least ten relevant problems are identified within the interactions of design teams, these are
(ordered by highest occurrence): (1) communication; (2) collaboration; (3) coordination;
(4) trust; (5) information exchange; (6) fragmentation; (7) role identification; (8) project and
design complexity; (9) non-colocation; and (10) high interdependence. The three main
problems (considering the highest occurrence, number of connections, and their weight)
are studied as follows:

1.

Communication: This element appears in 70 out of 89 articles studied, representing
78.7% of occurrence. However, since the 1940s, most authors have concluded that
the fragmented nature of the industry, the lack of coordination and communication
between the parties, the informal and unstructured learning process, and the lack of
customer focus inhibit overall performance in the construction industry [4]. Some
studies along this line have sought to understand and propose tools that encour-
age communication between designers [59]. Other studies suggest that information
exchange and communication impact the occurrence and dissemination of design
errors, hence proposing BIM methodologies and Lean practices would minimize this
occurrence [19]. Moreover, communication is the manner in which design knowledge
is exchanged [63] and is emphasized as a key element for good collaboration and
teamwork. There are multiple definitions for the word “team”, but one of the concepts
that is predominant in these definitions is communication, i.e., the ability of the par-
ticipants to exchange information [71]. In areas such as sustainable design, it has been
highlighted that the most important challenges are communication and coordination
of multidisciplinary teams [49]. Some studies have investigated typical problems in
structural design management [62], determining that the most important causes of
these problems were lack of communication and unclear division of responsibilities,
among others. In general, products in the AEC industry require a specialized design
process involving interdisciplinary relationships. In such relationships, collaboration,
communication, and information exchange are the essential elements in developing a
good design [72]. In summary, communication is one of the fundamental elements
within the design process, being key in the management of multidisciplinary teams
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and also impacting or being strongly related to other key elements such as coordina-
tion, knowledge sharing, collaboration, and information exchange. This can be seen
in Figure 8, where communication is seen as the most central and influential element
in the network, presenting strong links with collaboration, coordination, information
exchange, and trust, which is reaffirmed by the data in Table 3, where communication
is the problem with the most connections and with the greatest importance or weight
of these elements.

Collaboration: This element appears in 56 out of 89 articles studied, representing
62.9% of occurrence. Design work involves collaboration that increasingly requires
exchanges of information between multidisciplinary teams [50]. Based on this, col-
laboration and trust make good design management possible and allow people to
perform what is best for the project [17]. Some studies show that projects benefit
from multidisciplinary collaboration [73]. Following this line, the widely recognized
importance of collaborative design has led to the development of frameworks and
tools to support collaboration in the construction industry [10]. It is widely accepted
that building design results from interdisciplinary collaboration [74], plus several
typical problems in the industry are attributable to the lack of collaboration and
innovation in design [4]. Thus, studying the culture of collaboration among designers
has been the focus of some studies [59] due to team performance implications. Due
to this impact, there is a growing focus on collaboration and collective design [2],
such is the importance of collaboration for an effective design. Even applying BIM
methodologies, BIM coordinators, and regular modeling meetings do not remove
the importance of collaboration and communication in design [62]. Some studies
have proposed systems to enable design collaboration [72], especially focused on
geographically separated design teams where collaboration becomes more critical.
Moreover, the study of collaborative interactions can open up broader concepts such
as team communication, participation, contribution, and relationships [68]. In sum-
mary, collaboration is also one of the fundamental elements within design, being
key in the effectiveness of multidisciplinary design teams and, furthermore, being
strongly related to other key elements such as trust and communication. The above
can also be observed in Figure 8, where collaboration is re-stated as one of the central
and influential elements in the network, presenting strong links with communication,
coordination, and trust. This is reaffirmed through the data in Table 3, where collabo-
ration is the second problem with the most connections and also the second with the
highest importance or weight of these.

Coordination: This element appears in 41 out of 89 items studied, representing 46.1%
of occurrence. It is known that, in essence, the construction industry is complex and
based on punctual projects and temporal relationships; this situation significantly
affects key interactions such as the communication flow and the coordination process
between teams [75]. The importance of coordination in the design industry is that
it has led to the study of the role of mental models in coordinating team activities
during design problem solving [61]; a persistent concern when designing buildings is
coordinating the different design inputs for a project [76]. Typically, both the client
and the design team work in different locations and offices, leading to poor coor-
dination, lack of collaboration, excessive variations, design changes, failed rework,
and unjustified delays [77]. Coordination is considered one of the dimensions that
impact an integrated work team and other relevant dimensions such as information
transfer, trust, and collaboration [11]. In many countries, the concept of “everything
in writing” is applied through the request for information, but these requests, apart
from being time-consuming, are sequentially difficult to follow and coordinate [78].
Consequently, in addition to team coordination problems, there is a strong difficulty
in coordinating the documentation in the design. Other studies point out that because
the design is a combination of individual and collective activities, it is relevant to
study social and cognitive factors [79]; thus, it has been concluded that increased
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coordination leads to the development of a shared understanding within the team. In
summary, coordination is the third fundamental element within design, being key in
the planning and integration of design teams, information exchange, collaboration,
trust, and shared understanding. This can also be seen in Figure 8, in which coordina-
tion represents one of the central and influential elements in the network, presenting
strong links with communication, collaboration, trust and information exchange. This
is reaffirmed through the data in Table 3, where coordination is the third problem
with the most connections and with the greatest weight of these.

Managing the information flow within the production management is one of the
critical aspects that might affect the efficiency of the whole project [80]. An increase in
specialization requires greater interaction among the parties, and technological tools are
not enough to achieve it due to the fact that information flow requires understanding of
the social phenomena that exist in the organizations, for instance, the social and technical
factors [13]. BIM has a high technological component that has been extensively studied
in recent years; however, its implementation has several challenges from the perspective
of people and organizational processes [81]. For instance, BIM requires intense process
changes of the involved parties and a higher level of team communication [82]. To obtain
positive results, the collaboration among owners, design teams, and contractors has to be
significantly improved [55]. Some problems detected in our study were “use of different
software”, “lack of digital technology knowledge level”, and “technology readiness”. This
makes it difficult to implement interoperable processes between separate or non-colocated
design teams [55]. When reviewing trends in the implementation of new methodologies,
such as Green Building Technologies, it is possible to find other social barriers, such as:
resistance to change, lack of knowledge and awareness, and increased design costs [83].
Therefore, it is also necessary to assess the contextual conditions (e.g., government regula-
tions and R&D incentives) of design teams implementing new technologies aligned with
digital transformation [84].

In summary, the predominance of a triad, composed of communication, collaboration,
and coordination, can be identified as the main problems that arise in the interactions of the
design teams; besides being the most relevant in terms of occurrence, they present a strong
interconnection between them. For example, communication and collaboration present
a link strength of 49, the highest interconnection between the problems; the connection
between coordination and communication presents a weight of 37; and between collabo-
ration and coordination there is a connection strength of 30. These are the three highest
linkage scores within the network, which confirms the joint implication and importance
of these three elements. The confirmation from this study is one of the first experiences
with quantitative components that reaffirm this fact since no major studies of a measurable
or quantifiable nature are reported to confirm the high importance of these elements for
high-performance teams or their strong interconnection. Other problems to highlight are
identifying roles, which appears as a central problem but with fewer occurrences than the
three previous ones. Trust, fragmentation, and information exchange also stand out as
problems with high occurrence but less centrality in the network.

3.5.2. Network Metrics

To complement the knowledge structure generated and deepen the understanding
of the main problems identified, the network generated in the previous section (Figure 6)
was exported to a network metrics analysis tool (Gephi), which also makes it possible to
determine a series of metrics that will allow the most relevant problems to be identified.
As mentioned above, rather than studying the general network structure, what is relevant
is to analyze the nodes and how they are linked to each other.

Different metrics were used in the network analysis; in particular, the metrics of inter-
est refer to the nodes, such as degree, betweenness, closeness, and eigenvector centrality.
Thus, a node’s degree is the number of edges that are adjacent to the node; betweenness
centrality measures the frequency with which a node appears on the shortest paths between
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nodes in the network; closeness centrality measures the average distance from a given
node to all other nodes in the network; and eigenvector centrality assesses the importance
of a node based on its connections.

From the metrics in Table 5 and the graph in Figure 6, several findings can be identified.
Concerning closeness centrality, the problems with the highest closeness centrality are:
(1) communication; (2) collaboration; (3) coordination; (4) trust; and (5) role identification.
It indicates that these elements are central problems in the network and present great prox-
imity to more peripheral problems; these nodes tend to be influential, i.e., are influencers
or generators of other problems around them.

Table 5. Metrics of the main problems in the selected articles.

Keyword Closeness Betweenness Eigenvector Degree Weighted
Centrality Centrality Centrality Degree

communication 0.96970 0.16801 1.00000 124 569
collaboration 0.87075 0.07778 0.96087 109 487
coordination 0.83660 0.08417 0.90660 103 369
trust 0.79503 0.06299 0.86279 95 300
identification of roles 0.76647 0.04533 0.87282 89 263
fragmentation 0.73143 0.03861 0.79964 81 261
no colocation 0.72316 0.02934 0.79153 79 221
information exchange 0.71508 0.02834 0.78316 77 238
project/design complexity 0.70330 0.02514 0.75114 74 211
high interdependence 0.69565 0.02418 0.74467 72 199
commitment 0.68817 0.02243 0.73072 70 174
team cohesion 0.67725 0.01986 0.69678 67 154
integration 0.66667 0.01725 0.67050 64 177
project changes 0.65306 0.01216 0.66481 60 132
cooperation 0.64975 0.00921 0.68463 59 155
shared understanding 0.64322 0.01243 0.63740 57 133
information flow 0.64000 0.01160 0.63502 56 134

For the case of intermediation centrality, the problems with the highest centrality
are again: (1) communication; (2) coordination; (3) collaboration; (4) trust; and (5) role
identification. This indicates that these elements are problems with a high capacity for
connection with other groups in the network and high levels of interaction with various
elements within the network. These elements have multiple links with other groups of
problems that tend to occur together with other conflicts, or the presence of these problems
implies the existence of other problems around them.

Concerning eigenvector centrality, the scenario is similar. The problems with the high-
est eigenvector centrality are again: (1) communication; (2) collaboration; (3) coordination;
(4) role identification; and (5) trust, only presented in positions 4 and 5, which are reversed.
It indicates that these elements are the most important in the graph, under the premise that
their connections are generally influential and are important vertices in the network. It
could be thought that these elements are relevant because of their greater influence and
joint appearance with other problems. Their influence and connections are related to other
relevant problems, which reaffirms their greater importance in the network.

Regarding degree centrality, the common scenario is repeated. The problems with the
greatest centrality are: (1) communication; (2) collaboration; (3) coordination; (4) trust; and
(5) role identification. This indicates that they are strongly connected to other problems, and
therefore their importance in the network is greater. These elements are the most connected,
so they are strongly related to other nodes, and the case under study indicates that many
problems are related to these nodes. It is not possible to conclude from this metric whether
these problems are the consequence of a series of root problems or whether they are triggers
for other elements since it is not possible to visualize whether the connections enter or
leave each node.
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In summary, these five elements repeated in each of the metrics studied correspond to
the main problems encountered in design team interactions. This confirms the findings of
previous co-occurrence analysis and highlights again the triad composed of communication,
collaboration, and coordination as the most relevant problems. The analysis of social
networks in conjunction with the metrics allows deepening and obtaining more clarity
on whether these five elements are the consequence of the problems around them, or if
rather these central elements of the network are the ones that generate an accumulation
of problems in their environment. For example, due to the closeness centrality metric, it
could be estimated that these central elements are influencers of their problems. On the
other hand, the betweenness centrality metric allowed us to estimate that other problems
generally accompany these elements. Finally, both the degree metric and the eigenvector
metric supported the pinpointing of these problems as highly relevant due to their number
of connections with other problems and their importance.

4. Conclusions

The use of bibliometric analysis enabled the generation of a knowledge structure
about the relevant publications on interactions in design teams. Through this structure
it the main research fronts and trends, and the most productive countries and journals
in the area were identified. These analyses represent a strong contribution to knowledge
in the area since the structures allowed the generation of new knowledge. For example,
through the keyword co-occurrence analysis, it was possible to visually explore the main
research fronts or trends, which is new knowledge. Through this study, four current major
trends of research were identified: (1) collaboration and BIM; (2) design teams in the
construction industry; (3) design management; and (4) collaborative design methodologies
and processes.

However, the most important contribution of this study is the identification and un-
derstanding of the main problems affecting the interactions of design teams in building
projects. Through quantitative methods, such as mapping and bibliometric study and net-
work analysis, several problems, challenges, and key elements in the review of publications
about design were identified. This study identified the problems and challenges in the
interactions of the design teams, thus generating a list of key problems to consider when
managing design teams. This list was structured based on systematic reviews, bibliometric
techniques, and the study of network metrics.

The most relevant problems or challenges within design team interactions arise in
communication, collaboration, coordination, trust, and role identification. These findings
are a great contribution of knowledge to improve the performance of design teams, taking
control, and managing the design process with a strong focus on communication, col-
laboration, and coordination. However, there are no major contributions that allow the
identification of a measurable relationship between these three identified problems, despite
being widely discussed elements in high-performance teams in the AEC industry. The
relationship between communication, collaboration, and coordination and their impor-
tance detected a measurable character and is based on the documented findings of various
authors in an extensive base of scientific publications, thus representing the knowledge
documented by different authors in a wide variety of studies. Therefore, this research
may be one of the first approaches to determine a real interconnection of these elements
and their impact on team performance. Thus, this study may be a foundation for further
development in this area, which opens opportunities for future lines of research associated
with the study of the interconnections of the problems identified and the generation of
desirable networks of response to them. The root causes of the problems encountered need
to be further explored, particularly in the context of construction project design teams.
In addition, the impact and implementation strategy of new technologies to support the
design process should be further studied, as digital transformation and remote working
are realities that the industry needs to address. The practical implication is that to obtain
the desired performance within design teams, the elements that impact their interactions
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must be managed, in particular, regarding the communication, collaboration, coordination,
trust, and role identification. Then, decision makers and teams’ managers are responsible
for promoting the teams interactions. These findings can be of value and use to researchers
and practitioners in the AEC industry seeking evidence on the various difficulties and
challenges encountered in building design teams’ interactions. Thus, providing a valuable
reference to deepen their understanding of these problems and allowing them to formulate
action plans based on evidenced and studied problems, aiming for future solutions to
generate better performance within the industry teams.

However, although this research was based on a mixed methodology involving quan-
titative and qualitative analyses to reduce bias in interpreting results, it is not possible to
ensure that it is eliminated. Thus, if greater certainty is sought, it is necessary to deepen the
lines of research opened by this study. In this sense, the results obtained can be submitted
to a group of experts so that through debate and discussion, they can complement the
research, thus increasing the certainty of the findings. However, the results obtained in
this research are consistent with the consensus identified and the literature about project
teams in the AEC industry, highlighting as characteristic elements the high fragmentation,
lack of collaboration, problems in communication or information flow, and difficulties in
coordinating specialties, which supports and provides strong solidity to the findings.

It is noteworthy that although the study enabled the identification of a large cloud of
problems and represented them visually on a map with nodes and connections, it was not
possible to identify the direction of the interconnections between them, so that it was not
possible to conclude irrefutably whether the problems identified as central are the product
of an accumulation of problems around them or, on the contrary, whether it is the central
problems that generate the cloud of difficulties around them. The metrics used in this work
provided a first approach to closing this gap. However, because the network generated is
undirected, the conclusions on the directionality or flow of the problems are not entirely
clear. Due to this, a possible line of research is opened to determine whether there is any
causal relationship between the problems identified: whether the main problems identified
are the generators of other problems that are located more perimetrically in the network, or
if these perimeter problems are the generators of the central problems. This would allow
the identification of the root causes of typical problems within design teams that would
facilitate design management improvement processes.

Furthermore, while the main problems within design team interactions have been
found, an important front would be identifying the ideal interaction structures within
design teams to prevent the problems encountered from occurring. Thus, an interesting
research direction would be to determine the desirable interaction networks concerning the
key issues identified. These “model networks” identify the ideal characteristics of a design
team’s interactions, to avoid the occurrence of problems identified in this study. Therefore,
an evaluation framework would be created to compare these ideal networks with actual
interaction networks of the design teams, to evaluate the design teams’ interactions, and
identify the possible deviations between the actual and desirable interactions, which would
allow optimizing the performance of the design teams. Other limitation of this research
study is the amount of samples collected. The Scopus and Web of Science databases were
the only sources taken for the sample, not considering other search engines present in the
research domain. Therefore, future studies related to this topic may include other sources
and databases to have more consolidated information to achieve more comprehensive
results. This study has a descriptive purpose and is limited to that; however, it is proposed
as future work to address and analyze potential solutions to these problems and their root
causes through the implementation of supplementary methodological strategies, such as
Lean design, BIM, target value design, and agile project management, among others.
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