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To trust or not to trust: is trust a prerequisite for solving design
quality problems?

Petteri Uusitaloa, Eelon Lappalainena, Olli Sepp€anena, Ergo Pikasa, Antti Peltokorpia, Nikolai Menzhinskiia

and Mikko Piitulainenb

aDepartment of Civil Engineering, Aalto University, Espoo, Finland; bInfrastructure Department, Sweco PM Ltd., Helsinki, Finland

ABSTRACT
Low trust levels among project parties are generally believed to harm construction project per-
formance, but the role of trust in the context of information flow and solving design quality
problems (DQP) remains understudied. Whereas lean design management research highlights
the importance of managing information flow, few studies have investigated the association
between trust, information flow and DQP (or any combination thereof). This exploratory study
investigates the association between trust and information flow in design projects and how
these factors influence design quality. The paper presents a conceptual framework based on
existing research on building design management and trust in a project context. The framework
is elaborated on and validated using a single case study approach with multiple sites. The
results indicate that even though the trust trend in the project is somewhat negatively con-
nected to the overall amount of work and work in progress of DQP, increasing trust is not a
prerequisite for solving DQP and that owners and contractors can have opposite opinions on
the trust level. This study contributes to ongoing discussions about trust, information flow and
design management and suggests that teams should focus on improving communication and
collaboration to compensate for low trust levels.
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Introduction

In construction projects, designs containing errors and
omissions decrease productivity at construction sites
(K€arn€a and Junnonen 2017) and negatively affect the
life cycle value of built assets (Chong and Low 2006).
Variations in design processes because of late design
changes and fixes, for example, often lead to increases
in contract prices and delayed project schedules
(Arain et al. 2004). For these reasons, disputes in the
construction industry are often directly or indirectly
related to problems with design information, design
processes and design management practices (Love
et al. 2010). Prior research has thus established design
quality as an essential aspect for the successful deliv-
ery of construction projects. The reduction of errors,
omissions and delays in design information and docu-
mentation is now a key approach to improve the
delivery of construction projects (Fleischer and Liker
1992, Chan and Kumaraswamy 1997, Lee et al. 2003,
Tilley 2005, O’Connor and Woo 2017).

Tilley et al. (1997) and McGeorge (1988) defined
“design quality” as the effective and timely delivery of
design information to contractors as well as the cost-
efficiency and constructability of designs. The effective
delivery of design information requires the manage-
ment of design processes and related design quality
problems (henceforth “DQP”). Koskela et al. (2002),
who have argued that traditional design management
based on the transformation view has failed, proposed
various lean approaches where flow and value are
also considered.

Lean construction, which includes lean design man-
agement (LDM), evolved alongside traditional con-
struction project management (Tilley 2005). The use
of LDM supports design managers in creating a struc-
tured approach to improve value generation and
information flow while minimizing waste (El Reifi and
Emmitt 2013). Using LDM, design managers and pro-
ject teams apply various methods and tools to collab-
oratively address design issues (Tribelsky and Sacks
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2011, Zimina et al. 2012, Fosse and Ballard 2016),
improve information flow (Tilley 2005, Tribelsky and
Sacks 2011, Aasrum et al. 2016, Al Hattab and
Hamzeh 2017) and increase process transparency
(Aasrum et al. 2016, Tauriainen et al. 2016).

LDM researchers acknowledge that design manage-
ment involves the management of the technical and
social aspects of design processes (Ballard and Koskela
2013). Trust among team members is an essential
element of managing the social aspects of design
processes, and such trust plays an important role in
project success. In particular, it serves as a social lubri-
cant by helping to reduce conflicts (Lindskold 1978)
and enhancing information exchange between project
parties (Wong et al. 2008). According to some studies,
a low level of trust is a primary factor in the failed
delivery of design projects (Akintoye and Main 2007).

Although one study has investigated the connec-
tion between LDM methods and trust when solving
design management problems (Uusitalo et al. 2019),
none to date have elaborated on the association
between low trust levels and DQP. In addition, little
discussion has occurred on the effects of trust on
information flow, perhaps because trust involves com-
plex relationships, and how trust and other project
aspects interact remains unclear (Butler 1999). This
study aims to reveal the association between trust
and information flow in design projects and to deter-
mine how these factors, either independently or in
combination, influence design quality. An empirical
case study approach was selected to do so.

This paper is divided into five sections. The follow-
ing section covers the theoretical background for
DQP, information flow, characteristics of LDM, trust
and project performance. The theory is summarised in
the proposed conceptual framework on the connec-
tions between LDM, trust and information flow in solv-
ing design management problems. The next section
describes the research methods used to empirically
investigate the connections and then summarises the
results. In the discussion section, the findings are syn-
thesized and evaluated in light of previous research.
The final section presents various conclusions.

This study, which contributes to the Festschrift in
Construction Management and Economics project pre-
pared in honour of Dr. Glenn Ballard, continues the
work of Dr. Ballard and his colleagues in the field of
LDM. Dr Ballard is highly regarded and recognized for
his trademarked Last Planner System (LPS), but his
research has also addressed solutions for design prob-
lems and related phenomena, such as the social side
of projects and information flow (Ballard 2000, Ballard

and Zabelle 2000, Ballard and Koskela 2013, Fosse and
Ballard 2016).

Theoretical background

Design quality problems

A variety of problems, ranging from technical to social,
have been reported in the building design and design
management literature. These design problems often
co-exist and can have a compounding effect on the
delivery of construction projects. For example, K€arn€a
and Junnonen (2017) collected data from general con-
tractors, construction management consultants and cli-
ents and found that the main points that contractors
and project managers criticized were related to DQP.
For these reasons, the authors argued that poor
designs and design processes reduce construction
productivity.

Design problems commonly cause variations in
construction projects. Variations in the design process
and of design products negatively influence projects’
key performance indicators (KPIs). Mansoor and Pheng
(2005), who addressed design variations in the context
of construction contracts, defined a “design variation”
as a deviation from the agreement in the design’s
scope, schedule and quality, or any combination
thereof. Design variations typically result in increased
contract prices and scheduling delays. Love et al.
(2010) found that many construction disputes were
attributable to design deficiencies and that the result-
ing project variations were often caused by poor-qual-
ity design.

Researchers who have focussed on design quality
(Chan and Kumaraswamy 1997, Lee et al. 2003, Tilley
2005) have highlighted that the reduction of errors,
omissions and delays in the delivery of design infor-
mation is the most important strategy for improving
the delivery of construction projects. An operating
model has thus been developed in the construction
industry in which, as Love and Li (2000) have
described, the contractor acts as a gatekeeper to
ensure sufficient design quality. Ensuring adequate
design quality by inspecting the design information
and documents before beginning construction and by
avoiding problems when hiring subcontractors is in
the contractor’s interest.

As Lee et al. (2003) have argued, however, not all
issues within designers’ drawings and changes are dis-
covered. The late discovery of errors in drawings often
leads to “last-minute syndrome” and then requires
improvisation. Higgin and Jessop (2001) argued that
drawings are key elements that construction project
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parties utilize when passing on information to other
parties. Similarly, Chan and Kumaraswamy (1997)
found in their study on contractors that the three
most significant factors leading to on-site delays were
those in the delivery of design information as well as
mistakes and discrepancies in design documentation.

O’Connor and Woo (2017), who studied quality
assurance processes and the proportion of DQP during
the first round of design reviews, compared these
DQP with those in later design reviews. Their aim was
to quantify the number of problems in drawings that
pass the first round of reviews by studying “request
for information” (RFI) cases. Problems pass the first
round of review partly because of the large amounts
of complex data in the design process, which is often
inadequately managed (Nielsen and Sayar 2001). As
McGeorge (1988) argued, the lack of formal techni-
ques and procedures to manage the design process
hinders the achievement of high-quality designs.

The role of information flow in
design management

According to Tribelsky and Sacks (2011), although
unstable information flow cannot be used to predict a
project’s outcomes, the measurement of flow can be
used as an indicator of possible upcoming problems.
That is, understanding the principles and processes of
information flow and the factors hindering the infor-
mation flow in production is essential in design man-
agement (Baldwin et al. 1999, Ballard 2000, Tribelsky
and Sacks 2011). For example, allowing design deci-
sions to be made based on improvisation diminishes
the reliability of information flow (Koskela et al. 2002).

In addition to reliability, the existence of stable and
rapid information flow helps design teams solve
design problems more efficiently and effectively (Bar-
Yam 2004). Sacks (2016) stated that product and
design information flow plays a key role in construc-
tion project production. To improve transparency,
design information flow also needs to be visualized
(Sacks et al. 2010, Sepp€anen et al. 2010, Uusitalo et al.
2017). Another method for improving information flow
is to transfer design information in smaller batches,
which reduces the effort required to share information
and change it if necessary (Ballard and Zabelle 2000,
Kpamma and Adjei-Kumi 2011, Tribelsky and
Sacks 2011).

But many barriers to good information flow exist in
the design. According to Song et al. (2009), RFIs and
drawing revisions both hinder the effectiveness of
information flow in design projects. Hicks (2007)

emphasized a lack of complete information and infor-
mation duplication as being among the fundamental
barriers to improved information flow. That is, poorly
managed RFIs and the existence of drawing revisions
may generate multiple instances of what seems to be
the same information, thus making the identification
of up-to-date and accurate information a challenge.
Hicks (2007) explained that large batch sizes and a sig-
nificant amount of work in progress (WIP) are also bar-
riers to improved information flow.

Characteristics of lean design management

The implementation of LDM processes, methods and
tools supports the improvement of information flow in
design processes (Tilley 2005, Tribelsky and Sacks
2011, Aasrum et al. 2016, Al Hattab and Hamzeh
2017). El Reifi and Emmitt (2013) argued that in add-
ition to information flow, the usage of LDM supports
design managers in creating value for the customer.
The use of LDM methods and tools also assists design
managers in promoting collaboration to effectively
solve design problems (Tribelsky and Sacks 2011,
Zimina et al. 2012, Fosse and Ballard 2016) and to
increase the transparency of design processes (Aasrum
et al. 2016, Tauriainen et al. 2016).

LDM processes, methods and tools may be broadly
divided into different categories based on the design
and design management activities they support
(Sepp€anen et al. 2010, Uusitalo et al. 2017, Uusitalo
et al. 2019). One way to categorize these processes,
methods and tools is to consider whether they primar-
ily support either the social or the technical aspects of
design processes. Several methods and tools, such as
the LPS, support both social and technical aspects
(Ballard 2000).

The function of social interaction in the LPS is to
build and ensure trust within design teams (Pishdad-
Bozorgi and Beliveau 2016). LPS also involves technical
aspects, such as the usage of different metrics. The
most commonly used metric is the percent plan com-
plete (PPC), which measures the reliability of a plan-
ning process (Ballard 2000), although other metrics to
support the implementation of LPS in the design con-
text have also been proposed. El Samad et al. (2017)
argued for the need to complement PPC with, for
example, the required level and completed uncommitted
metrics for planning and controlling workloads.

LDM practitioners have adopted and adapted
Scrum, which originated in software engineering but
has goals similar to those of LPS, for the construction
context. In Scrum (a term borrowed from rugby to
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stress teamwork), the focus is on improved workflow
and the achievement of predictable design project
outcomes. Important principles in Scrum include the
incremental and iterative organization of processes,
the transparent communication of progress, the limita-
tion of the number of WIP projects and the stabiliza-
tion of processes (Owen and Koskela 2006, Abbas
et al. 2008).

Because of Scrum’s focus, previous researchers have
categorized its methodology as a technical design and
design management practice (Uusitalo et al. 2017). This
may be an incorrect interpretation of the Scrum method-
ology, however. Similar to LPS, Scrum involves social
aspects related to delivering projects. In the building
design context, implementing Scrum together with a co-
location (e.g. “Big Room”) and daily huddles benefits pro-
ject teams (Streule et al. 2016). A Big Room refers to the
co-location of a project team in a large space to support
collaboration and to reduce communication pathways.
With these methods, some of the critical issues associ-
ated with decision-making, communication, planning
and trust between the parties can be eliminated (Dave
et al. 2015). Social interactions between project parties in
the Big Room are necessary to improve information flow
and to reduce latency in communication when making
decisions (Tauriainen et al. 2016).

Trust and project performance

Because building-design projects are temporary organi-
zations (Akintoye and Main 2007), creating a project
identity/culture is vital for successful project delivery
(Franz et al. 2017). In particular, team integration plays a
significant role in achieving project performance (Franz
et al. 2017). A well-fostered team culture contributes to
the development of more trust within a team
(Kumaraswamy et al. 2005), improves communication
and information flow (Evbuomwan and Anumba 1998),
and supports the establishment of a shared understand-
ing of project goals (Moore and Dainty 2001).

Trust has two functions in the context of construc-
tion projects: (1) as a social lubricant, trust can help to
reduce and mitigate conflicts in project organizations
(Lindskold 1978); (2) trust also promotes open and
transparent information exchange between project
parties (Wong et al. 2008). Trust contributes to the
development of better collaboration and innovation
and can reduce project buffers (Uusitalo et al. 2019).
In contrast, a low trust level can contribute to the fail-
ure of design projects (Akintoye and Main 2007).

Trust in project teams is influenced by the psycho-
logical safety of the team members. According to

Edmondson’s (1999) study, psychological safety affects
a team’s performance, and trust has qualities that pro-
mote psychological safety. With psychological safety,
workers are more motivated, open-minded, willing to
share information and open to learning (Edmondson
1999), all of which are prerequisites for divergent
thinking and problem-solving in design processes
(Fredrickson 2013).

Previous researchers have measured and used trust
in different ways. The majority of prior research has
measured trust with a single survey serving as a snap-
shot of the project timeline at either the industry level
(Cheung et al. 2013) or the design project team level
(Smyth 2005). Some scholars have developed team
integration indexes (Che Ibrahim et al. 2013).
Chiocchio et al. (2011) conducted a study on graduate
students in which they formed five integrated design
teams and measured how trust, conflict and collabor-
ation affected team performance. To the present
authors’ knowledge, previous researchers have not
used measurements of trust, collaboration and com-
munication together over a long period of time in a
real-life project setting within the design manage-
ment context.

Conceptual framework

In this study, we created a conceptual framework for
trust in design management based on existing
research. In the formulation of the framework, we
mainly referred to two previous publications. Pikas
(2019) developed a new design model that integrates
the technical and social aspects of design based on
the different proportions of causality and interpret-
ation in design activities. Uusitalo et al. (2019), who
adopted a view of design management that involves
both technical and social aspects, proposed a concep-
tual framework for solving design management prob-
lems by implementing LDM processes, methods and
tools. In particular, Uusitalo et al. (2019) focussed on
how the distinct but interconnected social and tech-
nical aspects present in LDM processes, methods and
tools influence the resolution of design management
problems. Figure 1 depicts the conceptual framework
used in the present study, which was inspired by the
work of Pikas (2019) and Uusitalo et al. (2019) and
their work’s connections to our research questions.

In the framework, the technical and social domains
are influenced by LDM processes, methods and tools.
Trust is included as a proxy for the efficiency and effect-
iveness of design management when handling the
social aspects of design processes. Information flow
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belongs to the technical domain. Although previous
research has suggested an interconnection between
trust and information flow, the connection has not
been thoroughly, empirically verified in the construc-
tion project context, and while trust does have multiple
positive effects, whether the trust is a prerequisite for
solving DQP has not been empirically justified.

With the proposed conceptual framework, the pre-
sent study answers Uusitalo et al.’s (2019) call for future
research to focus on the interplay between the social
and technical domains (i.e. the association between
trust and information flow) based on empirical data. To
the best of our knowledge, previous studies have not
addressed this topic. In particular, no previous research
has used a mixed-method approach (i.e. both qualita-
tive and quantitative methods) to study trust and infor-
mation flow in the context of design management and
DQP, nor have any studies focussed on understanding
the association between the level of trust and informa-
tion flow in building projects. Based on knowledge
gaps in existing research we have identified, this study
aims to answer two research questions:

RQ1: What is the connection between the level of
trust and design quality?

RQ2: What is the connection between the level of
trust and information flow?

Research approach and methods

A single case study approach with multiple sites
belonging to the same project was used to investigate

the association between trust, information flow and
DQP. This study combines quantitative and qualitative
data collection and analysis methods to answer the
research questions (Love et al. 2002). A combination
of document analysis and interviews was used to tri-
angulate data sources and seek convergence in the
data (Flick 2007, Bowen 2009).

Table 1 presents each component of the LDM
framework, the research question to which each com-
ponent is linked, how each data source connects to
different components of the LDM framework, and
what types of analyses are applied to each dataset.
For example, RFI resolution time and revision data are
used to answer the questions related to DQP and
information flow. The following sections describe the
case, which includes seven project sites, the datasets,
and data collection and analysis methods.

Case description

The case project was selected based on the project
size, the number of similar sites, the use of LDM tools,
collaborative practices, co-operation metrics, and the
extensive and obtainable datasets. The case project is
located in southern Finland and has been under con-
struction since 2014. The research data for this study
were collected between 2017 and 2019. The case pro-
ject is an owner-driven infrastructure project with
seven large and equally complex construction sites
contracted out to different design and construction
organizations. Six of the seven sites were assigned to
project management contractors, and one (site C) was

Figure 1. Illustration of the research design and conceptual LDM framework.
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designed and built by a consortium of contractors and
designers. The contract values ranged from e60 to 80
million. The contract at each site had identical attrib-
utes: risk allocation, contractual obligations, arrange-
ments and project delivery. The only difference
between the sites was that for site C, the design
responsibility was allocated to the consortium in site
C. The owner chose to emphasize the collaborative
aspects of the project management contract when
choosing the delivery type. At the time of this
research, all seven sites had entered the mechanical,
electrical and plumbing installation and finishing
phases. This research focussed on the structural design
phase and the construction of load-bearing structures.

The owner established an integrated project organ-
ization to bind all parties involved in the seven sites,
all of which operate according to Big Room principles.
Each site was assigned a dedicated design manager
who worked under the design director’s authority, as
well as head designers, users, owners and experts at
the local rescue department. In addition, a coordinat-
ing manager for each technical system was assigned
to each site.

The design managers used the Scrum methodology
to manage and organize the structural design phase
for load-bearing structures. The structural engineering
work was planned in 2-week “sprints”. The design
work’s progress was monitored using Jira software; in
total, 2771 design tasks were recorded and managed
in the system.

The Scrum methodology was augmented with LPS
elements, including phase and make-ready planning,
pull principles and commitment management. Three
LPS phase planning sessions for sites A, B and D and
47 bi-weekly sprint meetings for all the sites were
organized. The LPS sessions included different design
disciplines and the owner representatives at different
sites, not just the structural engineers. The sessions
took place during the final quarter of the implementa-
tion design phase and included components related
to phase scheduling, make-ready planning and com-
mitment management. Root cause analysis of unfin-
ished or delayed tasks was performed for only one of
the seven sites.

After the implementation design phase, the respon-
sibility for design management shifted to the project
management contractors. The use and implementation
of LPS greatly varied between contractors and thus
was no longer systematic. Similarly, the use of the
Scrum methodology waned, and contractors applied
their own practices.

Because the owner had decided to use the Big
Room at an early stage of the project, the owner
decided to develop a co-operation measurement for
the construction phase to ensure that the trust, com-
munication and collaboration within the Big Room
remained adequate. The owner used a private consult-
ing company that applied a method wherein the Big
Room members were repeatedly asked questions
related to trust, communication and collaboration. As
an indicator of trust, the Big Room members were
asked to rate the statement “I can easily raise even diffi-
cult issues at our construction site”. Changes in co-oper-
ation trends were monitored and used as indicators of
potential problems in the project’s social domain.

Data sources and collection

Several sources and methods were used for data col-
lection. First, document analysis was performed with
three kinds of documents: (1) design meeting minutes
(e.g. memos), (2) structural design drawings and (3)
reports of co-operation measurements, which also
contained information on collaboration.

The design meeting memos contained issues that
had to be processed by all project parties, including
the owner, designers and contractor. Before every
design review meeting, the design coordinator pre-
pared a draft memo and shared it with all parties. As
a rule, any matters that had not been planned and
announced were postponed to the next meeting. The
meetings addressed design issues related to schedul-
ing, drawings (including delivery) and design-related
safety issues. They were also used as a forum for pro-
ject management contractors to demonstrate that
they had generated and studied the design alterna-
tives to be discussed with other project parties.
Contract-related issues were discussed at the separate
construction site meetings.

Table 1. Connections of the research methods and data sources to components of the LDM framework and related
research questions.
Connection to LDM Framework RQ Data sources Types of analyses

Trust RQ1 8 Interviews, trust; Trust index metrics Descriptive analysis; Content analysis
Solving design quality problems RQ1 8 Interviews, Revision data, RFI Resolution time; Meeting memo data Descriptive analysis; Content analysis
Collaboration RQ1 8 Interviews, collaboration; Collaboration index metrics Descriptive analysis; Content analysis
Communication RQ1-2 8 Interviews, communication; Communication index metrics Descriptive analysis; Content analysis
Information flow RQ2 Revision data, RFI-WIP, RFI Resolving time Content analysis
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Any issues identified in the meeting minutes were
documented in a spreadsheet and grouped into the
following six categories: (1) errors in drawings, (2) RFIs,
(3) missing drawings, (4) issues with the schedule for
drawings and delays, (5) issues with the feasibility or
constructability of drawings, and (6) other. Some
issues fell into several categories. After issues were
grouped and counted for each construction site, they
were summarised in a table to provide an overview of
all seven sites’ issues. The research team used this ini-
tial data in the following two stages for the numerical
analysis of the changes in the structural drawings and
interviews with key site personnel.

A quantitative content analysis (Riffe et al. 1998,
White and Marsh 2006) of the drawing revision block
information was conducted for all structural drawings
from the seven sites. Quantitative content analysis, in
this context, refers to a systematic examination of text
(e.g. revision notes) and the forming of a classification
based on the content as well as counting the appear-
ances based on those classified categories. White and
Marsh (2006) have called these steps establishing data
collection units and coding the data. All the drawings
were in PDF format and were the last valid versions of
the drawings. The content and changes of the draw-
ings were examined based on the revision notes. If no
sufficient information could be obtained, the drawings
were reviewed in detail, and a researcher interpreted
the category of the change based on the visual inves-
tigation. All drawings’ revisions were categorized into
11 types, based on the content of the change and the
revision dates, as follows:

1. Drawings without revisions
2. Drawings with mistakes
3. Reinforcement, rebars, etc.
4. Openings and holes
5. Addition, change or deletion of sections

and details
6. Textual changes
7. Changes by the owner or architect
8. Changes by contractors
9. Changes in references and links

10. Changes in geometry or the addition/deletion
of objects

11. Other (mostly related to changes in the
calculation)

A total of eight semi-structured exploratory inter-
views were conducted to gain a deeper understanding
of the context and to triangulate the data sources.
The purpose of the interviews was to enrich the data
sources and to collect feedback from the seven sites
to better understand the interplay between trust,
information flow and DQP in the design management
context. The interview questions were related to four
categories, focussed on the social aspects of the pro-
ject: (1) communication, (2) collaboration, (3) trust and
(4) solving DQP. The connection of each category to
the research questions is presented in Table 1. The
duration of the interview sessions was 36–58min, with
an average of 48min. In total, nine construction pro-
fessionals were interviewed from the seven sites. The
number of interviewees per site and their roles are
presented in Table 2.

All the interviewees worked in design management
roles, with their experience ranging from 4 to 25
years. Before each interview, the informants were
briefed about the purpose of the research and how
their data would be anonymized, stored and handled.
Each audio-recorded interview was transcribed verba-
tim, and the data were imported into the qualitative
research analysis software ATLAS.ti 8.4.4.

An iterative technique for analysis was then used.
During the first iteration, text quotes/extracts were
coded into the four main categories of communication,
collaboration, trust and DQP. All quotes were marked as
either positive or negative in the second iteration,
based on their context and meaning. Illustrative extracts
from the transcribed text were then used to justify the
positive and negative categorizations.

In the final step of compiling the research material,
the co-operation measurements provided by the
owner and the numerical estimates were combined
into time series. During the construction phase, the
co-operation index was measured quarterly in the Big

Table 2. Overview of the interview arrangements for sites A–G.
Interview
number

Number of
informants Site A Site B Site C Site D Site E Site F Site G Role

1 1 X Contractor’s design manager
2 1 X Contractor’s design manager
3 2 XA XB XA XB XA XB XB Head of structural design, person A (XA), Head of Structural design, person B (XB)
4 1 X X Owner’s design manager
5 1 X X Owner’s design manager
6 1 X Owner’s design manager
7 1 X Owner’s design manager
8 1 X Owner’s design manager
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Room by the consulting company that had been hired
by administering a survey. Responses could be sent
via a mobile phone or a web application. The
respondents were key personnel from the project par-
ties. Responses were divided into two groups: those
from administrative personnel and those from on-site
personnel. For this research, a site-based focus was
chosen to reduce complexity and to reveal the on-site
relationship dynamics. Based on the responses, an
index value ranging from 0–100 was calculated to
indicate each construction site’s co-operation level.
These values were then shared among the researchers,
but respondents’ personal feedback in the interviews
was not transferred for anonymity reasons.

The aim of measuring trust by monitoring trends was
to assess the health of the project during execution.
The trust trends were visualized for all parties in the Big
Room. People were able to reflect on their own experi-
ence of the development of trust relative to previous
measurements. When trust declined too rapidly or too
significantly, managers took corrective actions.

Data analysis

After collection, the data were stored, sorted and filtered
in Microsoft Excel and Minitab version 19.0. In the
Microsoft Excel master table, data were grouped into cat-
egories such as data type, construction site and connec-
tion to the LDM framework. Data on the RFI resolution
time and unresolved RFIs (RFI-WIP) were collected from
the design review meeting memos and represented in a
time series. The average co-operation measurements,
expressed as a time series, were collected and normalized
for comparison with the RFI and RFI-WIP measurements.

Results

This section presents the results based on source tri-
angulation and data analysis. We first present the clus-
tering of project sites based on their trust trends as well
as the categorization of the independent and depend-
ent variables. We then address the key metrics before
presenting the results of the exploratory interviews.

Project site clustering and variables
categorization

For the comparison of results across different project
sites, data were grouped into six categories: (1) project
characteristics, (2) trust trend, (3) collaboration trend,
(4) communication trend, (5) LDM methods and tools,
and (6) DQP. All the variables that describe the seven

sites were categorized as either dependent or inde-
pendent variables.

Based on whether the trust was decreasing, stable
or increasing over time, the projects were clustered
into four groups: (1) low-trending cluster, (2) stable
cluster, (3) high-trending cluster or (4) special case.
These clusters and the variables are presented in
Table 3. For example, sites A, B and F belong to the
low-trending cluster. Site C is a special case because it
differs from other sites in terms of design responsibil-
ity. The contractor was responsible for the planning
and control of both the implementation and detailed
design phases at this site, which meant that the con-
tractor dictated the development of design solutions.
At other sites, the owner and contractors shared the
responsibility for design planning and control.

Measurements of key metrics

As Table 3 shows, in the low-trending cluster (sites A, B
and F), the mean RFI resolution times did not differ from
those in the high-trending cluster (sites E and G) or the
special case (site C). In the low-trending cluster, the mean
RFI resolution time was 1.13 months; in the high-trending
cluster, the figure was 1.10 months. The standard devi-
ation (SD) of RFI resolution times was marginally lower in
the high-trending cluster and the special case than in the
low-trending cluster. In the low-trending cluster, the
mean SD of RFI resolution time was 0.33 months; in the
high-trending cluster, the SD was 0.29 months. These
findings suggest that minor differences could be identi-
fied in RFI resolution times between the low-trending, sta-
ble and high-trending clusters.

RFI-WIP trends increased in the low-trending cluster
but somewhat shifted towards smaller RFI backlogs in
the high-trending cluster. Site D, which is in the stable
cluster, showed higher RFI resolution time (mean: 1.36
months) and an increasing RFI-WIP trend compared
with the low- and high-trending clusters.

The total number of DQP and the total amount of
revised drawings were considerably higher in the low-
trending cluster than in the high-trending cluster. In
the low-trending and high-trending clusters, the mean
numbers of DQP were 395 and 271, respectively, while
the mean numbers of revised drawings were 620 and
480, respectively.

Site C (a special case) had a substantially lower
number of DQP and drawing revisions. This lower
number is visible in the percentage of drawing revi-
sions compared with the total number of drawings:
for site C, the percentage of revisions was 55.3%; for
the low-trending, stable and high-trending clusters,
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the percentages were 114.8%, 87.1% and 110.7%,
respectively. The potential reasons for this situation
are addressed in the discussion section.

The researchers also made general observations
related to trust, collaboration and communication. Site
D showed a stable collaboration trend and an improv-
ing communication trend. One surprising finding was
that in the low-trending cluster, the owner and con-
tractor communication trends seemed to diverge, with
the owner and contractors having slightly opposing
trust and collaboration trends. In contrast, in the high-
trending cluster and the special case, the trust, com-
munication and collaboration trends increased from
both the owner’s and contractors’ perspectives.

When measuring the trust index, no noticeable dif-
ferences in LDM tools were observed between the
clusters. Although the design responsibility shifted

towards contractors, none of the sites decided to use
LPS in a design management context. Sites B, D, E, F
and G partially used the Scrum methodology during
the construction phase, while sites A and C did not
use the Scrum methodology at all in the construction
phase. Except for the special case, all sites imple-
mented the Big Room, building information modelling
(BIM) and weekly collaborative meetings.

Design managers’ perspective on performance

Eight interviews were conducted to deepen the con-
textual understanding of the seven sites. Figure 2
summarizes the exploratory interviews’ main results,
which were categorized based on the polarity of the
coded interview extracts. In other words, the inform-
ants’ responses and opinions related to the specific

Figure 2. Project participants’ opinions on the performance by each cluster.

CONSTRUCTION MANAGEMENT AND ECONOMICS 289



categories were coded as either negative or positive.
The numbers of negative and positive extracts were
calculated, and the means and ranges were then
placed on a graph. Figure 2 is a visualization of the
polarities for the different categories, while Table 4
presents sample quote extracts from each category
(one positive and one negative), which represent
polarities of the responses (i.e. one extract was
counted as one response).

The main findings from the interviews related to trust,
DQP, communication and collaboration are presented in
the following part of this section. Across all sites, positive
quotes on trust were generally associated with the pre-
dictable delivery of drawings by engineers and consistent
and respectful behaviour towards other project parties in
collaborative meetings. Negative quotes about trust were
mostly related to structural engineers and their inability
to consistently deliver drawings on time.

Table 4. Illustrative extracts from exploratory interviews that provide positive and negative examples of each LDM category; the
number of extracts are also presented by each site.
LDM theme Polarity Site Number of mentions Illustrative extract from interviews

Communication Positive A 3 “And then, if there is some bigger separate design issue, we will then
organise either face to face meeting or then just with Skype”.B 6

C 1
D 3
E 4
F 3
G 2

Negative A 7 “It’s two different things, weather I receive the information or do I
keep up. I’m receiving the information rather well, but the problem is
almost the sheer volume of information, so that at this moment, the
daily emails are between 70 to 100 and genuinely keeping up with it
all is way too much”.

B 5
C 5
D 8
E 3
F 4
G 3

Collaboration Positive A 6 “It’s feasibility. In, both Site D and Site G have had a lot of meetings
where, and they are mainly structural but also architectural, we also
had designer, contractor and owner present and possibly even
subcontractor who is going to do the work. And then we would all run
this through, that in what way would it be best to actually do”.

B 4
C 1
D 9
E 2
F 1
G 4

Negative A 2 “They [contractor] started way too unprepared, without single own
design discipline or own… if we talk about structural design, in there,
we’ve given them opportunities to relatively freely communicate with
designer and owners designer, so pretty easily they go like ’where can
I find this and that drawing?’. It’s been somewhat soft and lazy how
they familiarised to those drawings”.

B 1
C 4
D 3
E 5
F 2
G 0

Trust Positive A 4 “Quite reliable, [structural engineers promise’s], like they all don’t
happen or not meeting schedule, but specially this project manager of
structural design has kept everything under control”.

B 2
C 0
D 3
E 1
F 1
G 1

Negative A 1 “Perhaps then if I reflect on the fact that, I was not around form the
early beginning of design, but what I have gathered it [trust] is not so
good, and that collaboration hasn’t been working and promises haven’t
been kept and schedules haven’t been met, so it would require actions
to it to improve”.

B 3
C 1
D 0
E 2
F 1
G 0

Design management problems Positive A 1 “And the contractor proposed that could they be like slab on grade,
… And now when we will do them with slab on grade, we can do
the work anytime and the amount of groundwork is much less than
predicted and that the proposed solution is much more feasible”.

B 0
C 2
D 5
E 0
F 1
G 1

Negative A 11 “We might have, like those material errors that they aren’t suitable for
their purpose. And then… what did we fix last? Perhaps just these
measure errors”.

B 5
C 8
D 19
E 8
F 7
G 9
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Positive quotes about DQP were related to con-
structor-led design change proposals and manage-
ment activity at sites C, D and G, which people saw as
less bureaucratic and more dynamic than the pro-
posals and activities at some of the other sites. Some
respondents stated that the contractors’ innovations
for alternative design solutions were a positive factor.
Negative quotes on DQP were typically related to
design errors, omissions in drawings, missing drawings
or delays in the design schedule.

Positive communication-related responses indicated
good meeting practices, proper usage of information
channels and regular weekly collaborative meetings
that enabled face-to-face interaction among the pro-
ject parties. Negative communication-related
responses indicated inadequate management of draw-
ing revisions and mark-ups, information overload in
emails, and designers not informing others about
design changes.

Positive opinions about collaboration were mostly
associated with site-based collaborative meeting prac-
tices and contractors’ problem-solving efforts in those
meetings. Opposing views were typically related to
inefficient coordination and bureaucratic processes for
inspecting design quality.

We made several general observations during the
interview analysis. Although the design management
roles and responsibilities were contractually assigned
to specific parties at each site, the interviews revealed
that the boundaries of responsibility between the
owner and contractors were often the main reason for
conflicting views. At sites A and D, where contractors
were interviewed, both the owner and the contractors
stated that the other party was not taking enough
responsibility to manage the design and improve the
information flow and that design changes were not
clearly communicated. Except for site C, where the
contractor considered design management responsibil-
ity to be transparent and well managed, unmanaged
responsibilities seemed to be common across the
other six sites.

All interviewees, regardless of whether they were
affiliated with the owner or contractors, agreed that
the weekly collaborative meetings helped to improve
the overall information flow and interaction between
parties, thus positively affecting collaboration. All
interviewees also agreed that the processes by which
contractors designed development proposal–related
documents and drawing approval were slow and too
bureaucratic for minor or swift changes.

Regarding the mistakes in drawings, the owner’s
and contractors’ perceptions differed. The owner

considered drawing revisions to be a regular part of
the process for producing design information. For the
contractor, however, revisions meant that the draw-
ings lacked the necessary information to construct the
facility. In other words, the contractors considered the
drawings erroneous, which led them to initiate design
changes. Design changes were not only considered to
be a negative factor, however: all the interviewees
saw some benefits of the changes the contractors had
presented. Although the changes may have delayed
the project schedule, they often improved the proj-
ect’s productivity. The interviewees noted, however,
that sometimes the processes for approving design
changes were too bureaucratic for small drawing
changes and updates, such as corrections of minor
mistakes found in drawings.

Discussion

This empirical study of seven sites was conducted to
understand the association between trust and infor-
mation flow and these factors’ independent and com-
bined impact on design quality. From a social
collaboration perspective, teams are typically expected
to produce high-performance results. Previous
research has noted that the importance of shared val-
ues and trust among project parties generally
increases over time when they strive to meet project
goals (Chinowsky et al. 2008).

Regarding the first research question, the level of
trust and the DQP were found to be associated with
each other. In the low-trending cluster, indicators of
DQP were higher on average than in the high-trend-
ing cluster. The speed with which those DQP were
resolved, however, was almost the same in both the
low- and high-trending clusters. Previous research has
highlighted the importance of trust in utilizing LDM
tools and enhancing collaboration when solving
design management problems (Uusitalo et al. 2019).

Howell et al. (2004) and Tilley (2005) have empha-
sized the importance of trust to successfully reach pro-
ject goals, while Zaheer et al. (1998) revealed a direct
link between inter-organizational trust and perform-
ance. The current study results indicate that the asso-
ciation between trust and DQP is not as strong as
previous researchers have assumed. This finding is
somewhat in line with Zaheer et al.’s (1998) findings,
where they did not find a link between interpersonal
trust and design performance. For the trust-related
measures, we do not know in which context (inter-
organizational or interpersonal) the respondents per-
ceived the trust-related questions, although the results
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of the interview analysis suggest that they understood
trust as meeting commitments (predictable delivery of
drawings) and as respectful behaviour. Furthermore, in
the conceptual framework, the indicators of DQP were
assumed to be trust-dependent variables, but the
results of the interview analysis suggest that trust was
negatively affected by the inability to deliver a high-
quality design. This study found a correlation, but the
research design we selected did not allow us to infer
the direction of causality.

The findings also indicate that contractors’ early
involvement could play a significant role in avoiding
and solving DQP. If we focus on the special case (site
C), which outperformed all the other sites in terms of
design quality and information flow indicators, the key
difference was the contractor’s responsibility for man-
aging the design process in the basic design phase.
Having extended time for team-building also seems to
pay dividends when solving DQP in the later phases
of a design project. Wong et al. (2005) suggested that
when contractors effectively perform and communi-
cate, they act as the project’s trust initiators. Zhang
et al. (2020) pointed out that complex contracts are
effective safeguard mechanisms to enhance trust
between project parties. Contracts can also be used as
governance mechanisms to facilitate co-operative rela-
tionships (Yan and Zhang 2020, Zhang et al. 2020).

Lindblad and Guerrero (2020) presented the associ-
ation between clients’ roles and different construction
innovation types. Interaction, such as that found in
weekly collaborative meetings, is one driver for con-
struction innovation. Again, innovation aids when solv-
ing DQP (Uusitalo et al. 2019), as indicated by the
positive mentions of innovations when interviewees
were asked about such problems. A competitive envir-
onment promotes supplier-led innovation (Lindblad
and Guerrero 2020), which might have affected the
performance of site C.

The second research question focussed on the con-
nection between trust and information flow. Song et al.
(2009) stated that because RFIs and drawing revisions
both hinder effective information flow, poorly managed
RFIs and drawing revisions could generate multiple
instances of the same information, thus presenting a
challenge for the contractor to identify the latest correct
information. Lindhard and Larsen (2016) showed that
both parties (owners and contractors) consider that con-
sistent and correct project documents are the most
important factor in high-performance projects. The
results of the present study show that sites in the low-
trending cluster did not perform significantly worse or
better in terms of information flow than sites in the

high-trending cluster. This result slightly contradicts
those of previous studies, which identified trust as a
component that enables the sharing of information
(Uusitalo et al. 2019) and the achievement of perform-
ance (Kotter 1996). Uusitalo et al. (2019) proposed that
both trust and information flow are necessary for effi-
ciently solving design management problems, including
DQP. Butler (1999) advocated for a trustful climate as a
prerequisite for effective communication and found
that, from a project actor (owner or contractor) view-
point, trust and communication showed similar trends.
In terms of the current study, this finding means that
contractors in the low-trending cluster experienced a
decreasing communication trend, while contractors in
the high-trending cluster experienced an increasing
communication trend. A similar pattern was observed
for the owner’s trust and communication trends in
both clusters.

We also found a positive connection between trust
and collaboration trends. The contractor must man-
oeuvre on site with the constructability issues caused
by DQP. Thus, from a project progression perspective,
contractors’ perception of collaboration should have a
vital role. Contractors’ collaboration trends and trust
trends had a strong connection. This connection has
been highlighted by Uusitalo et al. (2019), who argued
that trust has a significant positive effect on improving
collaboration in projects. Scholars have also shown
that trust and communication have a symbiotic con-
nection (Aapaoja et al. 2013, Cheung et al. 2013, Ceri�c
2015, Uusitalo et al. 2019): communication builds trust,
and trust enhances communication. The current study
confirms this symbiotic connection and reveals the
close relationship of trust and communication with
collaboration.

Previous researchers have found that owners have
a lower level of trust in other project parties than con-
sultants and contractors do (Lindhard and Larsen
2016). This study contradicts that finding. The owner’s
trust trends on every site were either as positive as, or
more favourable than, contractors’ trust trends. One
unanticipated finding was that we noted differences
between the contractors’ and owner’s views on trust,
collaboration and communication. An apparent differ-
ence was observed in the trust and communication
trends, which moved in opposite directions in the
low-trending cluster; whereas the contractors’ trust
trends decreased at these sites, the owner’s trust
trends increased. The owner’s communication trends
also increased, while the contractors’ communication
trends decreased, slightly decreased or remained sta-
ble. This finding could be explained by Ning et al.’s

292 P. UUSITALO ET AL.



(2019) argument that when clients experience discom-
fort that results in variations in contractors’ perform-
ance and quality, such discomfort could lead the
clients to re-balance their levels of trust and distrust.

Another explanation for contractors’ lower trust
trends could be the various control mechanisms or
“open-book” requirements applied by the owner.
Badenfelt (2010) argued that various control actions
affect trust. Lumineau (2017) argued that contracts
could have both beneficial and detrimental effects on
trust and distrust; the effects are independent of one
another, and both trust and distrust have positive as
well as negative outcomes. For example, positive out-
comes of distrust include encouraging constructive
scepticism and supporting alertness, while negative out-
comes of trust include a supported lack of objectivity
and reduced numbers of constructive discussions. In the
present study, because we applied measures of trust
levels and did not measure the impacts of distrust lev-
els, the effect of contracts remained partly unclear.

Differences between owner and contractor views
might have stemmed from contractual effects on dis-
trust. Lau and Rowlinson (2011) presented the idea that
trust is multi-faceted and might be influenced by the
other party’s perception of technical and scheduling-
related matters. The owner’s more extensive experience
from the project’s technical and scheduling-related
issues compared with the contractors’ less extensive
experience might explain the owner’s more positive
trust, communication and collaboration trends than the
contractors’ trends in the low-trending cluster.

The results of the interview analysis also high-
lighted how differently the contractors and owner
understood design management responsibilities. One
possible reason for these discrepancies may have
been the teams’ different experiences (McDermott
et al. 2005). The data from the case project did not
contain information about factors related to the
teams’ experiences, but the qualities of these experi-
ences may be relevant in situations where DQP arise
and trust is under pressure. When significant DQP,
delays and dysfunctions exist in information flow, an
experienced team working together can manage chal-
lenges better than an inexperienced team working
together for the first time can. The literature has also
described a positive relationship between a team’s
previous collaboration and trust (Laan et al. 2012).

Returning to the first research question, the results
show that sites in the low-trending cluster managed
to solve DQP at the same rate as sites in the high-
trending cluster. Uusitalo et al. (2019) argued that
trust could be a requirement for the effective

implementation of the social domains of LDM. Even
though our findings support this argument, trust
could potentially not be a prerequisite when solving
DQP, since such problems can also be effectively
solved in projects with low levels of trust.

Conclusions

The current study is the first to establish the associ-
ation between trust trends and information flow in a
design management context and to explore how
these factors independently or together influence
design quality. Qualitative and quantitative data were
obtained from multiple sites in a single project to
establish the association. This study’s most apparent
finding is that higher trust trends are associated with
a lower number of design quality problems (DQP) but
are not associated with information flow metrics, such
as a request for information (RFI) resolution times. The
interview findings led to the hypothesis that DQP may
affect trust levels but not vice versa, although the
study’s design did not enable us to determine the dir-
ection or existence of causality.

In summary, this study indicates that trust is posi-
tively correlated with the final design quality, but no
correlation was found between trust and the speed of
solving DQP. Trust is thus not a prerequisite for solv-
ing DQP: design issues can also be efficiently solved in
projects with decreasing trust levels. The study results
also underline that owners and contractors may have
opposing perceptions of trust that seem to stem from
unclear contractual responsibilities and different views
on design changes in the project.

This study has two significant implications for man-
agers. First, we suggest that in addition to measuring
the trust level among the project team, project man-
agers should pay at least equal attention to the opera-
tive design management metrics and to the level of
collaboration and communication in the project,
because trust may be a trailing indicator, and these
operational measurements could affect trust measure-
ments. Second, to fully benefit from relational con-
tracts and management, managers should strive to
increase the shared understanding of both project
goals and individual goals. When a relationship
requires repairing, an intervention to increase trust
and communication could pay dividends in solving
DQP. The contract models seem to influence contrac-
tors’ perceptions of trust as well as the trust trends in
projects. The owner plays a critical role in establishing
good communication in the more traditional division
of responsibilities, but early involvement in (and a
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stronger commitment to) contractors’ design manage-
ment will positively affect both trust trends and
design quality.

Limitations

A significant limitation of this research is related to its
cultural context. The case project and all the sites are
located in Finland, which has one of the highest inter-
personal trust ratings globally and is one of the least
corrupt countries (Andreasson 2017). Stronger trust
lowers all transaction costs in such an environment,
and society functions better (Holmberg and Rothstein
2020). As Gehbauer et al. (2017) have argued, even in
corrupt countries with low levels of trust, where lean
construction principles (for example) cannot be
applied, construction work still continues. We thus call
on other researchers to collect more data and to study
this phenomenon in culturally varied environments
and for different project types to fully explore the
effects and importance of trust when solving project-
related problems.

Another significant limitation of this study is that
co-operation was not measured at the design imple-
mentation phase based on the owner’s decision, so
site-specific differences were not obtainable for the
period before the start of construction. A further limi-
tation was that contractors from some sites did not
participate in the interviews. The interviews were vol-
untary, and the researchers did not receive an explan-
ation or reason for the contractors’ refusal to
participate in the interviews. Because we noted appar-
ent differences between sites, site-specific differences
in co-operation could have existed before the contrac-
tors joined the team. Another limitation is that the
contractors’ design management during the transition
to the construction phase mainly involved traditional
design management methods, such as meetings,
memos and critical path scheduling; the only lean
design management (LDM) design control methods
were the Big Room, weekly co-operative group meet-
ings and building information modelling (BIM).
Because design management included a significant
number of traditional control methods during the con-
struction phase and the implementation of LDM meth-
ods, any conclusions we can draw about the
effectiveness of LDM will be limited. Finally, the
authors recognize that several other information flow
metrics exist than what we have used in this study,
including action rate, information package size and
batch size (Tribelsky and Sacks 2010), although those
metrics were not available in the case project.

Future research

The importance of previous experience and collabor-
ation should not be underestimated and should be
thoroughly explored in research to further develop
the LDM framework. LDM developers should also con-
sider the present study’s findings on the effect of trust
trends on solving DQP and should measure trust
trends in the social domain. The sample includes
seven sites, and thus the results are exploratory; these
results offer excellent opportunities for further
research. Researchers should also study the impact of
teams’ previous experience on project performance in
a design management context.
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