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Abstract

Question: The architecture, engineering and construction industry (AEC) has an increasing
interest in achieving better situational awareness (SA) in complex projects. The
implementation of digital visual management (DVM) tools as a means of communication
to increase SA in AEC projects has the potential to simplify information dissemination.
What are the barriers faced during the implementation of DVM? Is it possible to identify
factors that can facilitate implementation?

Purpose: The purpose of this paper is to identify the barriers encountered during the
implementation of DVM and to identify possible countermeasures to overcome such
barriers.

Research Method: 21 interviews were conducted with project management professionals who
implemented DVM in four projects in Finland.

Findings: Barriers include technological limitations on data collection and sharing of
information, cultural mistrust among project participants, and increased work for data
collection. On the other hand, the findings show that lean principles, such as the
openness of the environment to share information, the standardization of work, and
continuous improvement, have the potential to facilitate DVM implementation.

Limitations: Interviews as a research method are limited due to their subjective nature. In
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addition, the interviews were limited to Finnish projects and complex infrastructure
project management professionals. Thus, the results and explanations do not necessarily
generalize to other construction industries or project types.

Implications: Project teams that desire to implement DVM or that are implementing DVM can
now identify expected barriers and plan possible ways of overcoming them during
implementation in advance. The identified enablers contribute to knowledge about DVM
and can offer practical guidance during the implementation of these strategies.

Value for authors: This paper identifies barriers and enablers to the adoption and
implementation of DVM.

Keywords: visual management, digital visual management, situational awareness,
construction

Paper type: Full paper

Introduction

The complexity of construction projects requires information sharing to increase and
spread situational awareness (SA) among project participants. SA is defined as the perception
of environmental elements in time and space, comprehension of their meanings, and
projection of future outcomes (Endsley 1995). Shared SA in complex projects in the
architecture, engineering and construction industry (AEC) results in a better understanding of
the task flow and easier identification of problems, combined with a more efficient decision-
making process (Lappalainen et al. 2021).

To increase SA, visual communication and visual management (VM) have been
successfully implemented and documented in distinct phases of construction projects (Tezel
2011; Pedo et al. 2022). The use of performance dashboards to visually display and share key
performance indicators (KPIs) has been continuously applied during complex projects, creating
an important link between project-controlling activities and the use of VM in the distribution
of shared SA (Shermach 2005).

Other promising tools capable of increasing SA in construction projects are related to
digitalization and information technology (Olivieri et al. 2017, Dror et al. 2019, Pica and
Abanda 2019). These tools allow system-to-system, human-to-system, and system-to-human
communication, enabling more effective data collection and sharing with the right person at
the right time (Dave et al. 2015). The combination of digital tools and VM has opened the field
to digital visual management (DVM) concepts and tools (Tezel et al. 2017).

DVM has the potential to both provide information visually and allow for more effective
information sharing (Tezel et al. 2017, Pedo et al. 2022). However, so far, in the Cl context,
the benefits of DVM have mostly been discussed (Pedé et al. 2022). Barriers to DVM
implementation have been proposed in conceptual studies (Tezel et al. 2017). Because these
systems are not yet widely used, there is a need for more knowledge about the barriers and
enablers related to implementing them.

This paper aims to: 1) identify common barriers and 2) identify enablers to the adoption
of DVM tools, and 3) understand the current stage of DVM adoption in the AEC. The adoption
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of DVM was explored in four complex infrastructure case studies in Helsinki and Espoo,
Finland. To identify the barriers to and enablers of DVM implementation, the researchers
interviewed 21 project management professionals.

Literature Review

Process and flow visibility continue to be major problems for AEC projects. In recent
years, the academic community and practitioners have increased their interest in the studies
and applications of SA models and systems in the AEC (Lappalainen et al. 2021). Such interest
stems from the fact that the information bottlenecks, as well as the costs and time involved in
collecting, updating, and sharing data, are also symptoms of the lack of SA in construction
projects (Akinci 2014). The adoption of VM strategies has the potential to improve information
sharing and visualization in AEC (Inshu et al. 2023), thus increasing shared SA in projects.

VM as a strategy to increase process transparency has been investigated both in
manufacturing and in AEC (Galsworth 1997, Liker 1997, Tezel et al. 2015, Kurpjuweit et al.
2018). The literature presents different definitions of VM. It has been described as a sensory
communication strategy for increased transparency of processes (Tezel et al., 2015) and an
information-sharing practice that enables continuous improvement (Imai 1997). We use the
definition of the Toyota Production System (TPS), where VM is connected to Lean Management
and focuses on the visual representation of information that can be retrieved at a glance
during the execution of tasks (Koskela 1992, Galsworth 1997, Liker 1997, Formoso et al. 2002).
In this context, VM devices can be applied to signal, limit, and guarantee the correct
execution of a task at the correct moment (Shingo 1989). They can also increase the
transparency of flow and make the execution of tasks self-explaining, self-ordering, and self-
regulating. This facilitates continuous improvement (Galsworth 1997).

The manufacturing industry has reported good results in adopting VM strategies
(Sugimori et al. 1977, Shingo 1989, Galsworth 1997). This has inspired AEC researchers and
practitioners to implement VM in construction projects (Koskela 1992, Formoso 2002, Tezel
2009, Koskela et al. 2018). VM strategies implementing Kanban, Poka-yoke, and Andon systems
have been studied. Studies have reported successful outcomes when tackling common AEC
problems, such as a lack of flow visibility and understanding and low process transparency
(e.g., Tezel et al. 2010, Biotto et al. 2014, Bascoul et al. 2017, Brandalise et al. 2018).

Research on how information and communication technologies (ICTs) can be utilized in
VM strategies has followed the increasing digitalization in the AEC (Sacks et al. 2010, Tezel et
al. 2017), and the implementation of DVM prototypes has highlighted the potential of
increased information sharing and process transparency (Sacks et al. 2010, Dave et al. 2014).

The potential of implementing VM and DVM to increase SA in AEC projects has been
researched but without establishing a clear connection between the terms and principles
(Tezel et al. 2017, Pedo et al. 2022, Lappalainen et al. 2021). The current literature on DVM
finds that VM and DVM systems have the potential to facilitate information flow (Tezel et al.
2017, Valente et al. 2018, Pedo et al. 2022) without a direct correlation with SA. Research on
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the implementation of SA systems has focused on design stability (Lappalainen et al. 2021) and
the managerial perspectives of the adoption of SA systems (Lappalainen et al. 2024).

A set of VM requirements applicable to digital support and control during the design
phase has also been examined (Pedé et al. 2022), and the development of a DVM tool for
construction workers was recently evaluated (Kiviniemi et al. 2024).

The investigation into the challenges and barriers to VM and DVM adoption in AEC
projects continues to be limited. Tezel et al. (2017) highlight in a conceptual paper the
following barriers to the adoption of information technology-based VM: (1) interoperability
issues among emerging technologies, (2) initial technology investment and maintenance costs,
(3) lack of human capital that is competent in both Lean Construction processes and emerging
IT, (4) lack of best practices and exemplary cases, (5) lack of proof of return on investment,
and (6) the project-based, fragmented and highly competitive nature of the industry. Reinbold
et al. (2022) identified the following challenges during the investigation of three case studies
in Finland: (1) no use of VM or DVM focusing on the production phase of the AEC project, (2)
lack of involvement and support from stakeholders, (3) neglecting information needs from the
production area, (4) misunderstanding between the availability of visual information and
visual pollution, and (5) that the DVM devices followed analog logic, where the data were
collected and treated manually.

While existing studies have examined the challenges and barriers to implementing DVM,
there is a notable absence of research focusing on the potential enablers that could ease this
process. Understanding both the barriers and the enablers is crucial and could significantly
enhance the adoption and effectiveness of these approaches in practice. This study aims to
identify the barriers encountered during DVM implementation and to investigate the various
factors that could facilitate the successful implementation of DVM, thereby addressing this
critical gap in the research.

Methods

The study was conducted in two phases. Phase 1 focused on the literature review
regarding the adoption of DVM in the construction industry and the already identified barriers
and facilitating factors to the implementation. In Phase 2, a multiple-case study was the
necessary strategy to understand the current stage of DVM implementation and to identify
barriers and enablers encountered during DVM implementation in AEC projects. Figure 1
illustrates the two phases of the research strategy.

The multiple case study design was chosen as a research method because it allows the
observation in practice of the current adoption of DVM in complex AEC projects while
providing several sources of data collection through interviews and usually representing more
robust results than single case studies (Eisenhardt and Graebner 2007).

The proposed research method was four case studies of Finnish infrastructure projects.
The cases were selected because they adopted and implemented DVM strategies in complex
infrastructure projects in the AEC. Disruption and recovery are often research opportunities
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worth documenting and analyzing, since the findings often reveal insights into general
processes (Yin 2018). Table 1 describes the cases studied.

- N /7 Phase 2: Case Study R
«DVM literature review

sUnderstand the identified barriers
and enablers in DVM *Semi-structured interviews

implementation «Interviwes analysis, systematic
identification of barriers and
Enablers to DVM implementation

\ Phase 1: Current [N W,
Knowledge

Figure 1. Research phases

The location of cases in Finland allowed the researchers access to the research data and
enabled them to conduct face-to-face semi-structured interviews with DVM users. All
interviews were conducted in Finnish by two researchers, one interviewing and the other
observing and taking notes. Three of the interviews were conducted online. Interviewees were
asked to describe the DVM they used, including its functions, applicability, and the
information it provided. They were also asked to describe the connections between the DVM
and different aspects of the project, such as design, procurement, and logistics, and to
identify any functionality that was automated. Interviewees were also asked to describe
recent cases in which they or someone else had used DVM in a user role. Table 2 provides
background information about the interviewees.

Table 1. Case studies description
CASE STUDIES

Case Study  Project Type Project Phase Project Budget (M€)
A Subway line Commissioning 1200

B Light rail line Construction 350

C Tram rail line Construction 200

D Railway Line Design 70

The duration of the responses reflects the fact that the research project also included
questions and themes other than DVM. The duration of the interviews included all themes, not
just the time spent by the respondent on the DVM theme.

The approach used in this study aimed to gain an in-depth understanding of the use of
DVM in project management (Fellows and Liu 2021). To investigate the convergence of the
findings (Yin 2018), the authors transcribed the interviews, and the quotes were open-coded
according to themes and categorized using Atlas.ti software. The inductive coding employed
adhered to a structured methodology: (1) analysis of the text to discern intrinsic meanings, (2)
identification of pertinent text segments, (3) categorization of these segments—either by
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assigning them to pre-existing categories or by establishing new ones—and (4) elucidation of
the interconnections among categories to construct a cohesive analytical framework (Fereday
and Muir-Cochrane 2006). This was succeeded by a phase emphasizing categorization and
relationship cultivation. We adhere to the methodology of Williams and Moser (2019), who
contend that open coding entails the segmentation and analysis of raw data; nonetheless, the
processes of categorization and connection building necessitate continuous review, cross-
tabulation, and refinement, which were conducted throughout the progression of the work.

We employed typing to organize the detected concepts, an approach that categorizes an
extensive array of codes according to shared attributes and maintains conceptual significance
despite minor discrepancies (Vaismoradi et al. 2016). We organized the codes into logical
categories that encapsulated their attributes and dimensions (Friese et al. 2018). To enhance
analytical depth, we employed the continuous comparison method (Glaser and Strauss 1967),
which enables iterative data comparison to improve developing themes. We employed axial
coding (Corbin and Strauss 2015) to investigate causal links among categories, hence
enhancing the interpretive framework of our findings. Ultimately, we classified participants’
replies based on principal themes. Then, the authors cross-referenced the coded quotes with
the case studies, allowing them to examine the convergence and non-convergence of themes.

Table 2. Informant description

INFORMANT DESCRIPTION
No. Role Employer Intferview duration
(minutes)
1 Project director Consulting company 107
2 Construction director Owner 107
3 Site manager Owner 76
4 Project engineer Consulting company 77
5 Project engineer Consulting company 82
6 Project engineer Consulting company 74
7 Scheduling manager Consulting company 78
8 Financial director Owner 62
9 Project manager Consulting company 50
10 Project engineer Consulting company 69 (Online interview)
11 Design manager Consulting company 63
12 Project manager Construction company 61
13 Risk Manager Consulting company 51
14 Cost Manager Construction company 52
15 Production Manager Construction company 82
16 Financial Manager Construction company 50 (Online interview)
17 Design Manager Consulting company 58
18 Project Manager Construction company 66
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19 Development engineer Software and service provider 76
20 Owner's representative*  Public roads agency 76 (Online interview)
21 Project manager*® Consulting company 76 (Online interview)

*) The interview was conducted at the same time

Table 3 presents the questions that guided the interviews. As the interviews were semi-
structured, other themes, like contractual aspects, were also introduced by the interviewees.

Table 3. Semi-structured interviews questions

how the DVM works, how it is used, what information it presents, how you use it,
how the group uses it. To which areas of the project / production / processes is
the system connected? Eg. design? Procurement? Logistics? And are parts of it
Probe automated?
questions How would you define your role as a SA and DVM user (Input, Output, Observer,
etc.)? Do you enter/add any information into the system yourself? If you enter,
what information do you enter yourself? And what information in the system do
you utilize the most of yourself?

- From what sources is SA and DVM information collected?

- How is DVM information collected?

- Are there / What differences have you noticed in the DVM data collected from
different sources?

- How confident are you about the DVM?

- How accurate and reliable is the DVM information?

- When was the last time you suspected any information in the SA system/DVM
report? Why did you doubt it?

- How do you deal with situations where DVM information is not reliable?

- How often is the information updated in the DVM?

Dc\l/LATE%OSfA - Is all data updated at the same time or does it vary by data type / source?
data - How does outdated information appear in the SA screens / boards (DVM)?

- How old do you think SA information can be that it is still useful in your work?

- Describe the situation (s) where the SA information you need is missing. What
happened, why and how did the situation was corrected?

- What unnecessary / inaccurate information you would remove from the DVM if
you could decide.

- When was the last time you saw some decision “left open” / undecided due to
the poor quality of the DVM report / suspicious source / conflicting information /
outdated information? How are such situations usually handled?

- What are the general inconsistencies in the SA data based and DVM report on
your experience? Where can they come from?

- What kind of interface is it, how do you use it?
- Describe how the SA information is presented visually in your system (in this
context it is also possible to look at the DVM board / screen, which allows the
interviewee to present it to the interviewer)

Visual - What kind of symbols are used in it? ask the interviewee to describe what the
presentation | symbols mean to the user (and observe / photograph)
- What in the view/screen attracts the viewer's / user's attention, what
information is centrally displayed, what information is on the side / hidden?
- How are key metrics displayed? how do goals appear?
- Explicit (precise, clear, detailed information): what kind of key figures are on

@@ Lean Construction Journal 2025 page 51 www.leanconstructionjournal.org
http://creativecommons.org/licenses/by-nc-nd/4.0/




Reinbold, Lappalainen, Uusitalo, Seppanen, and Peltokorpi: Implementing Digital Visual
Management: Case Studies on Barriers and Enablers

the screen/board, what they tell (the interviewee answers in his / her own
words, the research-er observes / photographs and records his / her observations
on a separate form). Are any limit values / alarm limits visible? If so, what are
they?

- Implicitity (indirect, interpretable information, tacit knowledge): what should
be deduced from the SA (presented by the interviewee)? What do the key metrics
tell you how much in-formation on the screen you need to be able to interpret?
Do you / the group often have any information that does not appear on the
screen/board but is relevant to the SA? How is this indirect / tacit information
handled?

- What would you change in the visual presentation of the DVM if you could
decide? what would you add / remove from the view? what would you change in
the interface?

DVM Systems and Report

The interviewees employed four distinct DVM systems in their projects. Table 4 describes
the attributes of these systems.

The reports generated by the systems were similar and focused on the same KPIs. Due to
the paper’'s length limitation, just DVM system A is described in detail.

Table 4. DVM system descriptions

DVM system A: A physical space with touchscreens displaying project KPIs
updated every one to two weeks by on-site project management contractors and a five-
person status team. Data were collected using spreadsheets and web-based tools
without automation or sensors. The project team developed the system, ensured data
quality and availability, and analyzed data for biweekly project management meetings.
Project scheduling, cost forecasting, and safety were system priorities. During project
commissioning, final documentation and testing were monitored. See Figure 2.

DVM system B: In-house system to aggregate reports and collect data from
various digital systems. The system overseer manually compiled data into PowerPoint
monthly for the project’'s data management system. The subarea managers were
responsible for data accuracy. Monthly SA sessions with a one-to-four-week data
collection schedule let project managers evaluate progress and forecasts. Cost and
schedule forecasts, health and safety, and clear KPI explanations were covered.

DVM system C: The dashboard integrates project-level data from multiple
sources. A smartphone app logs anomalies and problems, while software interfaces
provide other data. Little manual input is needed because partner software provides
the most data. System development began in a spreadsheet and was incrementally
integrated. The main dashboard uses a public business intelligence cloud service.
Instead of sensors, the dashboard displays current drone photos. The system digitally
captures design status data.

DVM system D: The office software-based system tracks project KPIs, including
schedules, costs, and health and safety. Data are stored every one to four weeks in a
commercial business intelligence cloud service. Only certain KPI data were functional
during the investigation because the system was still developing. Sensor data were
excluded. System data assessments occur weekly in construction management team
meetings, which focus on schedules and budgets.
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The goal of DVM system A was to standardize the reporting of construction site KPIs to
improve the shared SA of stakeholders. The chosen type of report was a dashboard that
followed seven lagging KPIs: 1) the percentage of work planned, 2) the percentage of the work
completed, 3) the deviation between planned and executed work in percentage, 4) planned
costs in million euros (M€), 5) executed costs (M€), and 6) health and safety in percentage,
and 7) collaboration work in percentage. Concerns were raised about ensuring the report’s
comprehensibility and accessibility to all stakeholders. Consequently, visualization and color
coding were implemented.

The report adopted is represented in Figure 2. If there were no delays, the schedule
report had a green circle. If the work were delayed, the circle would be red. A Finnish method
was used to measure occupational health and safety. The measure is based on the share of
successful health and safety observations of the total observations. For this health and safety
KPI, the green color was used for indicator values above 95%; otherwise, the KPI was red.
Collaboration was measured via a questionnaire responded to by those involved in the project,
and the KPI measured the share of positive answers. For the collaboration KPI, the circle
would be represented in green for indicator values above 80%; otherwise, the circle would be
represented in red. Other KPIs related to the quantity of work executed and quantities were

also followed.

Long term - complete contract until handover

Execution Costs (ME€)
Planned 40709 I 267
Executed 43.10% 28.9

Sitsation: 5.8.2019

Short term - ongoing work and 6 months forecasted work

Tasks Planned Forecasted Diference (days) Executed
Tunnels battery limit and pipes ready for installations 30.8.2019 30.8.2019
Road A shaft track level technical facilities and pits ready for installations 4.10.2019 4.10.2019 “
Road B shaft technical facilities and pipes ready for installations 22.11.2019  22.11.2019 “
Schedule Progress by contractor Quantities Measured
Planned (%) Executed (%) 0w an m -

Contractor 1 . 46 N 40 Poured Concrete 9956_22
Contractor 2 I s e 53 Installed sewer pipes ﬁf}
Contractor 3 [ 46 N 45 Installed retaining wall elements 9!25?5
Contractor 4 ) 24 W 26 nstalled cables |[S—CS -
Contractors [ 3s N a5 Installed shafts | —— 7.7
Contractor 6 [ | 31 . as

W Executed % mBaseline%
Contractor 7 [ | 15 W 12

Figure 2. Visual Report of KPIs adopted during project A (Source: adapted and translated
from Finnish to English by the authors)
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To increase the shared SA, the reports were displayed digitally in a “War Room,” a
management room for the project that was accessible to the stakeholders. A picture of the
digital display of the reports is shown in Figure 3.

p—

@

L W

Figure 3. Digltal displays of Project A Reports(Oginal photo: Timo Kauppila, NDAV)

Barriers and Enablers to DVM Implementation

For analysis, the authors selected quotations that mentioned digital reporting, visual
features of the report, and automation of data collection. These themes were selected using
an inductive approach due to their correlation with DVM implementation. From this first
screening, 126 quotations were included in the analysis.

The authors created two subcategories: one related to the barriers faced during DVM
implementation and another that encompasses possible enablers of the implementation. In
each of the previous two groups, the data were categorized according to 1) information and
communication technology (ICT) and tools, 2) process, and 3) people and culture.

These data were tabulated and cross-referenced by the case study in which they were
identified. There were barriers identified in all the projects, such as the lack of standards for
information sharing, lack of interoperability among systems, increased work for manual data
collection, publication of outdated data, lack of trust among project members, and a shared
culture of hiding information, corresponding to a convergence of findings. It was also possible
to identify barriers that were only identified in one of the cases, such as the lack of
understanding of the DVM report utility in Case Study A, evidencing that non-convergent
findings were also identified.
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Table 5 lists the barriers encountered during DVM implementation, noting the case study
in which they were noticed.

Table 5. Barriers to DVM implementation identified in each project

Project
AlB|C|D

% Lack of standards for information sharing X | X | X |x

;;3, Use of different systems for different data X | X X

5 lack of interoperability among systems X[ X [x [X

°g o | Increased work for manual data collection and analysis X[ X | X |X
é ‘% é publication of outdated data X[ X [Xx [X
5.? g § § lack of understanding of the report and utility X

% Lack of trust among project members X[ X [x [X

3 Mistrust of data collection methods X | X | X

:ﬁ Lack of commitment from the project actors towards the reporting X | X

§ A shared culture of hiding information X | X | X |x

Similarly, it was possible to identify common factors that facilitated the implementation
of DVM in all case studies. The increase of shared SA with DVM implementation, the DVM as a
facilitator to the information sharing, the involvement of project stakeholders during the DVM
implementation, and the need for continuous improvement when implementing DVM are
enablers shared among the case studies, once again showing convergence of findings. For Case
Studies B and C, the standardization of reporting with DVM was identified as a facilitator, and
for Case Studies A and B, having an open environment that fosters and encourages information
sharing was an identified facilitator to the DVM implementation, resulting in a partial
convergence of findings. Table 6 lists the enablers encountered during DVM implementation,
noting the case study in which they were identified.

Some of the quotations were assigned to more than one subcategory. For example, the
quotations that mentioned data collection and lack of trust in the reported data were
categorized as both ICT and tools and people and culture because they pointed to the lack of
digitalization in the data collection and analysis and emphasized that the data reported and
collected were not always trustworthy. The following sections describe the findings of Tables
4 and 5.

ICT & Tools Barriers

All quotations that mentioned tools for data collection and analysis, adoption of new
tools and systems, information systems, information silos, and interoperability issues were
were classified under the ICT and tools subcategory.
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Table 6. Enablers of DVM implementation identified in each project

Project
AlB|C|D
1% Ensure thatimplemented DVM increased project understanding and
8 shared SA x| x| x| x
g Ensure that s‘tandardization of reporting with DVM facilitates
= communication X X
g m 5 E’ DVM facilitated information sharing X | X | x| Xx
"E ‘g’ E 3 % Standards for information sharing increased the information
- 8 & | reliability X | x X
& o Commitment of project stakeholders to DVM implementation X | X | x| Xx
%l g Open environment that fosters and encourages information sharing X
@ © Continuous improvement allowing DVM adaptability and flexibility X | X | x| x

Several interviewees expressed concern that the lack of a standard and unified tool for
reporting increased the workload. The adoption of a standardized DVM report required
training of the project members involved in the reporting phase, their work tools, and
processes adaptation and adjustments in the reporting process. These points created
resistance to the adoption of DVM reporting. The change process was not considered a smooth
transition but rather a contractual obligation.

Two other significant barriers to the adoption of the DVM report were manual data
collection and analysis; these two barriers were noticeable across the four case studies.
Another barrier identified in all the analyzed case studies was that different systems were
used to follow up on the various aspects of the construction progress. An interviewee from
Case Study A mentioned the use of five different ICT systems: financial reports, schedule
monitoring, health and safety data and reporting, and tracking the quantities completed on
the construction site. It turned out that to consolidate all the information into the DVM
dashboard (Figure 2), the data was extracted manually from these different systems, which
required time and was considered inaccurate by the interviewees.

It was clear that in all case studies, the systems used were not interoperable, and the
extraction and exchange of information had to be processed manually, which is an important
challenge to be addressed when digitalizing reporting and implementing DVM approaches in
construction projects.

The barriers related to ICT and tools are summarized below:

e Lack of Standardized Tool: Several interviewees highlighted that the absence of a
standardized tool for reporting increased workload.

¢ Training and Resistance: Adopting the standardized DVM report required training for
project members, adaptation of work tools, and adjustments in reporting processes,
which led to resistance.
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e Manual Data Collection and Analysis: Manual data collection and analysis were
identified as significant barriers to DVM report adoption, prevalent across all four
case studies.

o Use of Multiple Systems: Different systems were used to track various construction
aspects (e.g., financial reports, schedule monitoring, health and safety data), leading
to data being manually extracted for DVM dashboards.

e Data Consolidation Challenges: Data extraction from multiple systems was time-
consuming and considered inaccurate by interviewees, highlighting inefficiencies.

e Interoperability Issues: In all case studies, the systems were not interoperable, which
poses a major challenge for digitalizing reporting and implementing DVM approaches
in construction.

Data Collection and Publishing Barriers

This subcategory includes mentions of necessary changes in both the data collection and
reporting processes that were identified in the interviews conducted in Case Studies A and B.
For the interviews in Case Studies C and D, there were no quotes regarding the data collection
and publishing, evidencing a partial convergence of findings among the case studies. Reporting
process issues, such as the contractors’ neglect and delay in publishing information and the
increased workload in processing the reports, are covered as well.

For Case Study A, the processes for creating DVM reports were developed only due to the
contractual obligations to produce and update such reports, which generated negative feedback
related to project reporting. Many of the interviewees stated that the DVM reports contained
unnecessary information, the updating of the information was often inaccurate, the same status
was repeated over the weeks, and reporting was not prioritized.

This resistance to the implementation of DVM reporting was also often perceived as an
underrating of the utility and importance of the report in Case Study A. Some of the interviewees
involved in DVM reporting perceived it as an extra task to repeat the same information that had
been reported previously, but in a different way. This can be identified in Case Studies A and B
and reflects the lack of standards in the AEC, as well as how management and tools differ from
one project to another.

As project organizations change from one project to another, the implementation of DVM
tools and reporting is not a standard process, which poses a barrier to the consolidation of the
adoption of such approaches.

The data collection and publishing barriers are summarized below:

e Reporting Process Issues: Issues such as contractors’ neglect and delays in publishing
information, as well as an increased workload in processing reports, were discussed.

e Contractual obligations: The creation of DVM reports in Case Study A was driven by
contractual obligations, leading to negative feedback about the reporting process.

e DVM Report Criticism: Interviewees in Case Study A felt the DVM reports contained
unnecessary information, were often inaccurate, repeated the same status over
weeks, and were not prioritized.
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e Resistance to DVM Reporting: Resistance in Case Study A was linked to undervaluing
the report’s utility. Some interviewees viewed the DVM report as an extra task,
essentially repeating the same information in a different format.

e Lack of Standardized Process: As project organizations change between projects, the
implementation of DVM tools and reporting is not standardized, posing a barrier to
broader adoption.

People & Cultural Barriers

All mentions of resistance to the implementation of a new process, mistrust in the
reporting partners, the belief that someone was hiding information, the lack of information
sharing with others, and the change of behaviors toward the DVM after its implementation
were classified under the culture of mistrust and resistance subcategory.

In the interviews, the mention of resistance to the implementation of the DVM reports
was identified for different reasons. Resistance to the adoption of a new process and a novel
manner of reporting, which belongs to the people and culture subcategory, is present in all
case studies. The changes should be dealt with before the implementation phase, and the
discussions must clearly state the importance of DVM and its benefits to the project. The
contractual obligation is not enough to ensure the success of the implementation. It can even
contribute to resistance.

The most common mention regarding people and culture is related to a lack of trust.
The existing culture of mistrust in the AEC was identified in these cases. In all case studies,
interviewees brought up the issue that contractors concealed information or tried to do so by
manipulating shared data and information. This mistrust encompassed how data were
collected and by whom. For Case Studies A, B, and C, interviewees stated that when the data
were collected and analyzed manually, the reports often contained outdated information, or
the published information did not reflect reality. Mistrust was at least partially based on real,
untrustworthy behavior. Some of the interviewees in Case Study A admitted that they also had
hidden information in some situations.

The mistrust culture is a major barrier to be overcome during DVM implementation, as it
undermines trust in both the information and the shared SA. It also raises doubts about the
decision-making process, since the parties involved might make decisions based on outdated
and mistrusted information.

The people and culture barriers are summarized below:

e Resistance to DVM Adoption: Resistance was noted across all case studies, due to the
novelty of the reporting process and the new approach.

¢ Change Management: Changes should be addressed before implementation. Clear
discussions on the importance and benefits of DVM are necessary, as contractual
obligations alone are insufficient for successful adoption and may increase resistance.

e Lack of Trust: The primary cultural issue identified was a lack of trust. Project
members believe that there is concealing or manipulating data in all case studies.
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e Data Collection Issues: manual data collection led to outdated or inaccurate
information in reports, further fueling mistrust in the process.

e Impact of Mistrust on DVM Implementation: The mistrust culture is a major barrier to
DVM implementation as it undermines confidence in shared information and decision-
making, leading to decisions based on unreliable or outdated data.

ICT and Tool Enablers

Under the ICT and tools subcategory, the interviews mentioned the positive aspects of
adopting a standardized DVM reporting process and the perceived benefits of the visual
elements considered in the report. Among the positive aspects of the adoption of a standard
DVM report, interviewees from Case Study A listed a positive emphasis on the visualization and
visual cues of the report. According to Case Study A interviewees, the report allowed for
highlighting and understanding disturbances quickly and having clear frameworks for reporting
and agreed reporting intervals.

Interviewees from Case Study B highlighted the benefits of standardization with the DVM
system, concluding that it creates a unified manner of sharing information, increasing the
focus on the information shared. In Case Study D, the interviewees affirmed that standard
reporting as a DVM became the connector among project members. The established process of
creating and sharing the DVM allowed earlier identification of project problems.

The value of aligning and agreeing with the standard of the DVM report at the start of
the project was perceived positively in Case Studies A, B, and D. The interviewees mentioned
increased clarity of communication and alignment of expectations regarding the DVM
information as having improved the openness of the participants in adopting the DVM report.
Across all the case studies, the interviewees mentioned that DVM adoption increased project
understanding and shared SA among project participants as a result of the standardized DVM
report.

In Case Study A, the DVM report was adopted by the project management team and
client representatives. The interviewees referred to perceiving a higher positive impact if
subcontractors and site managers also adopted such reporting. This indicates the perception
that DVM adoption should also encompass the production phase of projects.

The ICT and tools enablers are summarized below:

e Positive Aspects of Standardized DVM Reporting: the positive aspects of adopting a
standardized DVM reporting process and its visual elements were cross case
identified.

o Alignment and Agreement: The value of agreeing on a standardized DVM report at
the start of the project was positively perceived in Case Studies A, B, and D. It led to
clearer communication, better alignment of expectations, and increased openness to
adopting the DVM report.

e Improved Project Understanding: Across all case studies, interviewees mentioned
that DVM adoption improved project understanding and created a shared SA among
project participants.
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e DVM adoption should extend to the production phase of projects.: In Case Study A,
the DVM report was adopted by the project management team and client
representatives. Interviewees believed there would be a more significant positive
impact if subcontractors and site managers also adopted the reporting process.

Data Collection and Publishing Enablers

In all the case studies, the interviewees said that the adoption of DVM facilitated
information sharing. It created a unified picture of the projects, enabling the distribution of
information using the agreed formats and at agreed timelines.

In case studies A, B, and D, the interviewees perceived an increase in data publishing
reliability after the adoption of the DVM. In Case Study A, increased data publishing reliability
was associated with a contractual obligation on the adoption of the DVM report and the
commitment of the project participants to publish and discuss the project status based on the
KPIs shared in the DVM Report.

In Case Studies B and D, the interviewees associated the increment in data collection
and publishing reliability with the adoption of a standard of the DVM report. The interviewees
in case B mentioned that the adoption of the standard DVM report across the organization
resulted in diminished work to produce many different reports and that having the standard
DVM report allowed more effective follow-up of KPIs. In Case Study D, the interviewees
mentioned that having a standard DVM report resulted in a better connection between the
data collecting and sharing and the decision-making process, unifying the process of
identifying the KPIs deviations and corrective actions.

Although the interviewees in Case Study C did not make direct mention of how data
collecting and publishing can increase data reliability and information sharing, they mentioned
that having reliable data and effective information sharing have a direct impact on the
decision-making process of the project.

The data collection and publishing enablers are summarized below:

¢ Facilitated Information Sharing: Across all case studies, interviewees noted that DVM
adoption facilitated information sharing and created a unified picture of the projects,
with information being distributed using agreed formats and timelines.

e Increased Data Publishing Reliability: In Case Studies A, B, and D, interviewees
observed an increase in the reliability of data publishing after adopting DVM.

People and Culture Enablers

Challenges related to people and culture demonstrated persistent mistrust among
project members. Presently, interviewees believe that project participants are constantly
trying to hide information or not disclose it completely.

On the other hand, the interviewees in all case studies perceived a correlation between
the involvement and commitment of the project’s stakeholders to the DVM implementation
and the success of the implementation process. They also mentioned that there were
attempts to implement approaches to increase stakeholders’ commitment to DVM
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implementation during the projects. The stakeholders’ commitment creates an environment
conducive to making the transition and overcoming the initial struggles.

One important approach mentioned by the Case Study B interviewees was regarding the
behavior of the leadership during the project meetings and discussion of the results published
in the DVM report. When the leadership maintained an environment where people felt
comfortable sharing information, it resulted in increased information sharing and reduced the
feeling that some information was still hidden.

The implementation of the DVM report and the discussion of the results were more
positive if the focus was on solving the problems and not on finding a culprit. It also highlights
an important causality between a hostile environment to share information and the
consequent resistance to disclosing information.

The support and involvement of stakeholders and their approach toward the DVM
implementation process seem to play a vital role in successful implementation across the
project. When the leadership takes on the role of encouraging information sharing and
discussion, the project team seems to be more open and honest during the project status
discussions.

Another approach for encouraging information sharing was mentioned in the interviews
in Case Study B. During the project status discussions, the interviewees perceived that when
the leadership demonstrated interest in the information being shared, there was increased
involvement of the parties in the discussions and increased clarity and openness regarding the
project status.

From the interview content in all the case studies, an important aspect of Lean
surfaced:

The mention of the need for continuous improvement in the development
and adoption of the DVM report. These mentions encompass comments
related to the current development of the DVM report to the need for a
DVM report that is flexible and adaptable throughout the project and show
both the understanding that such adoption is not static and that the
development of such DVM approaches requires efforts and feedback loops.

The people and culture enablers are summarized below:

e Stakeholder Involvement and Success: All case study interviewees noted a correlation
between the commitment of stakeholders to DVM implementation and the success of
the process.

o Leadership Behavior: Interviewees in Case Study B emphasized the role of leadership
in creating an environment where people felt comfortable sharing information.

e Focus on Problem-Solving: DVM report implementation and discussions were more
positive when the focus was on solving problems rather than finding blame.
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Discussion

This study aimed to identify the barriers and enablers during the implementation of DVM
in complex AEC projects. The discussion section is organized as follows: first, the identified
barriers are discussed, followed by discussions regarding the enablers. The topic of maturity
levels and maturity models and their impact during the implementation of DVM follows.
Finally, the study limitations and possibilities for future research are discussed.

Barriers to DVM implementation

Among the identified barriers related to ICT and tools are the lack of interoperability
among systems, the use of different systems for different data, and the lack of standards for
information sharing. These corroborate the barriers previously discussed in Tezel et al.’s
(2017) conceptual work.

When information is scattered across different systems, the increased time for reporting
hinders the implementation of DVM approaches. This perception reflects DVM practices’
limitations regarding their simplicity and presentation of excessive information, as well as the
lack of prioritization of information (Pedo¢ et al., 2022).

From the identified barriers to data collection and publication, the increased work for
manual data collection and analysis seems to relate to the challenge of the creation and
adoption of DVM devices following analog logic (Reinbold et al., 2022). Furthermore, this
finding also represents the necessary non-visual work until the outcome of a visual device
(Valente et al., 2018). Valente et al. (2018) proposed a model for devising VM for production
management. Their study found that observing the process, analyzing user needs, and
integrating the process for the creation of VM are steps needed before the visualization takes
place (Valente et al., 2018).

The barriers identified under the people and culture themes emphasize trust among
project members and their commitment to the implementation of the DVM. The cycle of
mistrust in the AEC appears to be a barrier to the implementation of DVM applications. This
mistrust was expressed as a lack of trust among project members and a lack of trust in the
reported data.

Nevertheless, previous studies show evidence of the negative impacts of mistrust culture
on AEC (Cheung et al., 2003; Zaghloul et al., 2003). Further studies have proposed the
utilization of frameworks for creating and sustaining trust relationships in construction
projects (Wong et al., 2008). The adoption of such frameworks while implementing DVM might
have positive impacts on creating trust among project members and in relation to the systems
utilized.

The lack of commitment of the project actors to DVM implementation was an important
barrier perceived during the implementation of DVM. This barrier was previously studied as
one of the challenges faced during the implementation of DVM devices, focusing on the
production phase of AEC projects (Reinbold et al., 2022). These studies found that this barrier
impacts both the adoption of DVM for AEC management and the DVM focusing on construction
crews. On the other hand, research in the production management area associates the level of
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experience with management using lean with a higher level of stakeholder engagement
(Kurpjuweit et al., 2019), highlighting an important link between lean principles and success
when implementing VM and DVM.

Enablers of DVM implementation

The findings of this study contribute to knowledge by identifying and revealing key
factors that facilitate the implementation and adoption of DVM in complex Cl projects. These
enablers have not been explored in previous research. This insight opens new avenues for
further exploration and provides valuable guidance for both practitioners and researchers
involved in DVM and AEC initiatives.

During the case study interviews, the mention of early stakeholder involvement during
the creation and standardization of the DVM report was perceived as positively impacting the
other team members to engage in the process. Once a new process and a novel approach to
reporting are implemented, engaging in constant work with the commitment of the parties
involved, as well as taking actions to increase trust among the participants in the process of
data collection and reporting, becomes essential for the successful implementation of DVM.
These findings are consistent with the success factors identified in the adoption of VM in the
manufacturing industry. They highlight the importance of management and employee
involvement to counter resistance during the implementation of new processes (Kurpjuweit et
al., 2018).

The findings also show that after the initial struggle during the initial phases of DVM
implementation, the benefits of the implementation, as increased information shared and
increased shared SA, were perceived by the project members, and resistance to
implementation diminished. Initial struggles seem to be a normal part of implementation
processes. According to our results, continuing implementation despite these initial struggles
pays off. In the future, with more experience in AEC, implementation should face fewer
challenges and less resistance.

Case Study B emphasizes that the leadership behavior that encouraged openness to
information-sharing had a positive impact on diminishing mistrust among project members and
increased the openness of project participants during information-sharing and discussion.

The adoption of a standard DVM report was perceived by interviewees as a facilitator
under the topics of ICT and tools and data collection and publishing. This might be an
indication that standardization was perceived as impacting positively on the work processes
while also increasing the reliability of the data collected and reported.

Contracts seem to be important enablers for the adoption of DVM. There was resistance
in doing extra work in Case A but they overcame the barriers because of contractual
obligation. However, contractual obligation on transparency may have led to hiding of
information. If other enablers are not present, contractual requirements could lead to less
accurate data and more negative feedback. The importance of contracts should be further
investigated in future research.
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Another finding presented in all the case studies was that continuous improvement of
the DVM facilitates implementation. This finding also connects to the environment that is open
to information-sharing and to the contributions of the project participants. The findings also
indicate that the adoption and implementation of DVM in complex AEC projects is not a one-
step process but rather an incremental process that requires continuous dedication and
alignment, at some level indicating a stepwise approach similar to the one reported when
adopting VM in manufacturing (Kurjuweit et al., 2018).

The three facilitating factors to DVM implementation that were converging findings for
all the case studies included 1) the adoption of a standardized reporting process, 2)
continuous improvement during DVM adoption, and 3) the commitment of project members
and project stakeholders to the implementation process. Not surprisingly, these findings are
connected to important pillars of Lean Construction: respect for people, the standardization
of processes, and the continuous improvement of processes (Koskela, 1992), evidence of the
important connections between VM, DVM, and lean.

Maturity levels and maturity models

While analyzing the findings, the authors noticed that in Case Study B, the interviewees
had more positive perceptions regarding DVM implementation. A deeper investigation of the
possible reasons for the conflicting results led to the exploration of differences in the maturity
levels of the teams implementing DVM.

Maturity models are used by organizations to compare their position in the competition
and to identify necessary developments while offering references for improvement (de Bruin
et al., 2005; Mettler, 2011). Maturity models can facilitate the more systematic
implementation and spread of innovations by offering a reference framework for the various
stages of development. Maturity models have also been driving development in AEC, while
supporting the adoption and implementation of building information modeling (BIM) and Takt
planning (Liang et al., 2016; Lehtovaara et al., 2020).

Case Study B seemed to be at a higher level of maturity in DVM implementation. In three
of the projects, the interviewees reported a lack of trust in the data collection and
publication process. In Case Study B, the interviewees reported that they trusted the data
collection methods and the data published via DVM. This evidence of trust in data collection
and publication demonstrates a more mature implementation of DVM.

In the same case study, the leadership behavior that encouraged openness to
information sharing had a meaningful impact on diminishing mistrust among project members.
This finding provides evidence that the trust relationships in this case were addressed
effectively during the DVM implementation, pointing to a higher level of maturity in
comparison to the other three case studies. These results could form a basis for developing
maturity models for the adoption of DVM in complex AEC projects in future research.
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Study limitations and future research

Multiple case studies as a research strategy was utilized, aiming to explore the
phenomena in depth and increase the study reliability and possibilities for the generalization
of the results (Eisenhardt and Graebner 2007). However, the study is geographically limited to
Finland and follows a qualitative analysis, which can be affected by project participants and
the researchers’ biases.

To overcome geographic limitations, the study was structured in a manner that allowed
it to be reproduced in different locations. The thorough documentation of the coding
processes was applied by future researchers to ensure reliability and the possibility of cross-
result analysis.

When conducting interviews with AEC specialists involved in DVM creation and
implementation, a sample bias will be part of the study. The specialists’ experience during
DVM implementation, whether it was a positive or a negative experience, had a meaningful
impact on how they structured their answers. Thus, the researcher concentrated on
identifying the barriers and enablers during DVM implementation.

The research method chosen to analyze the interviews was the interviews transcription
and open-coding according to themes, and categorization using Atlas.ti software. Other
approaches to the data analysis, for example using NVivo and MAXQDA, could reduce the
subjectivity inherent to this qualitative study.

The study's exploratory characteristic limits its generalizability, but it does address and
provide input into the research gap related to DVM implementation. Additionally, this
qualitative study was based on interviews with project professionals during the
implementation of DVM. The possible quantitative analysis of documents and other project
observations was not part of the study and can be addressed in future research.

Throughout the DVM implementation across all projects in this case study, no efforts
were made to assess or quantify the benefits of the implementation. Future research is
needed to establish methods for measuring and verifying the advantages of using standardized
DVM reports. Such research could provide valuable guidance on developing standard
questionnaires and KPI's to effectively assess these benefits.

Although the interviewees mentioned contractual obligations in adopting DVM, the roles
and impacts of contractual models in the implementation of DVM were not the focus of the
study but should be further explored. Further studies regarding maturity models for adopting
VM and DVM are necessary to increase the knowledge of how maturity models can be
perceived during the implementation of DVM and which role they have in the success of such
implementations.

Conclusions

Digitalization in the AEC industry is increasing, and the application of digital tools as
possible solutions to AEC industry problems, such as communication, project bottlenecks, and
information silos, is growing rapidly. On the other hand, research on the adoption of VM and
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DVM in the AEC industry is still limited. In this paper, the authors identified the barriers and
enablers faced during the implementation of a DVM process when reporting different KPIs for
complex infrastructure projects in Finland.

The theoretical implications of this study are that, in previous studies, the barriers to
the adoption of DVM in complex AEC projects were still limited to a secondary theme on other
research topics related to VM and the increase in ICT-based VM. This research addressed the
barriers as a central topic, identifying them in four complex AEC projects in Finland. The
theoretical contribution also addressed the gap regarding the documentation of exemplary
cases adopting ICT-based VM.

This paper contributes to DVM literature by identifying and listing the key enablers for
the successful implementation of DVM in case studies. Such a list has been absent in previous
studies related to AEC projects, and the existing literature on similar topics within the
manufacturing industry is also limited. The inclusion of these enablers offers valuable insights
that can inform future research and practical applications of DVM adoption. By addressing this
gap, the research provides a foundational resource for both practitioners and academics
interested in enhancing DVM implementation and advancing continuous improvement
initiatives.

Regarding the implications for practitioners, this research makes three
recommendations:

1. Those implementing DVM should secure the involvement of project members and
project stakeholders by training and coaching them in the early stages of DVM
implementation, laying out the steps for adoption, the meaning of the DVM
implementation, and the importance of their commitment.

2. The stakeholders and project leaders must focus on creating an environment that is
welcoming to ideas and the sharing of information, even when the project faces
challenges, such as delays and budget overruns, rather than targeting finding the
culprits for the problems.

3. Foster and cultivate continuous improvement, encouraging the project participants to
share ideas and have initiatives to improve DVM implementation. The findings of this
study emphasize that the enablers of the implementation and adoption of a DVM are
closely related to the concepts of Lean construction.

In addition to increasing digitalization and data-driven complex AEC projects, AEC
continues to struggle with making use of the increasing amount of data. The adoption of VM
and DVM practices is a step toward obtaining meaning from data and taking adequate and
timely actions.
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