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Abstract. Managing the design of complex engineering systems requires an organisational
structure and an information system to support collaboration among all stakeholders.
Technological developments in information management have the potential to facilitate
interactions across physical boundaries, even more during the Covid-19 pandemic. Visual
Management (VM) is an information management strategy, as well as a means for
communication between individuals, supporting collaborative work. However, there is a lack of
effective understanding of how digital VM can support infrastructure engineering design. The
adoption of digital collaborative VM in the context addressed is new, under rapid evolution, and
there is limited understanding of how the users embrace VM while interacting with it. The aim
of the paper is to explore the adoption of VM, focusing on digital whiteboards, to support
collaborative practices in design processes. The ongoing investigation is carried out in
collaboration with an infrastructure design and consultancy company, and follows the action
research approach. The VM effectiveness was investigated by analysing the whiteboards
applicability to diverse functions and comparing digital and manual implementations. Initial
findings include understanding digital whiteboards as a means for collaboration among
individuals with different perceptions to establish a common point of view, as it allows the
information to be transferred across time and space, identifies abnormalities, and supports
problem-solving. By creating a common ground, it has the potential to support complex and
emergent interactions in the collaborative space.

1. Introduction

The growing complexity in collaborative design [1], combined with key innovations in the construction
sector, have demanded major changes in traditional approaches. Managing stakeholders'
interdependency is increasingly becoming challenging and complex, as many of its aspects need to be
coordinated and integrated [2], even more during the Covid-19 outbreak, which required the shift of
many work processes to an online and virtual format. In addition to that, the collaboration across social,
professional, technological and cognitive boundaries and the integration of various streams of
knowledge can be very challenging; however, it is often a requirement for the development of innovative
solutions, especially for digital innovations [3]. Technological developments in information
management have the potential to facilitate those interactions across organisational and physical
boundaries. The lack of information and systems integration can affect the information transfer between
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stakeholders and, consequently, managerial processes, potentially increasing project overruns and
rework [4].

Visual Management (VM) can be defined as a set of practices that support communication through
the adoption of different visual devices [5]. A visual device is a mechanism that influences, directs,
limits or controls behaviour, making information essential to a specific task available immediately,
without the need for explanation [6], making actions visible, and improving workflows [7]. VM is also
described as a strategy for information management [8] and as means of communication between
individuals with different perceptions who work collaboratively aiming a common point of view [9].
For instance, whiteboards have been found as a beneficial visual approach to communicating concepts
and ideas, supporting discussions and collaboration between different stakeholders [10]. Existing
literature shows that visual information can support the creation of a common ground [11]. Thus, it is
important to understand the complex relationship between VM practices and cognitive processes of
users, considering visual devices can facilitate the cognitive processes of understanding [12]. However,
there is still a lack of research on how information is captured, represented, displayed and analysed by
all users involved using shared visual representations [13]. Furthermore, the connections of VM and
digital approaches although has been poorly investigated in the literature to date [8].

This paper reports findings of an ongoing Knowledge Transfer Partnership (KTP) project! with an
infrastructure design and consultancy company. The aim of the paper is to explore the adoption of digital
whiteboards to support collaborative practices in the design process, over an illustrating case study in
highways and railways projects. This is done, firstly, by identifying and analysing the whiteboards
applicability to various functions. Secondly, digital and manual whiteboards for Milestone and Phase
Planning in the Last Planner® System (LPS) [14] implementation are compared. The comparison is to
support the understanding of the digital whiteboard effectiveness, as well as the description of the
phenomenon

2. Visual Management
VM is used for different purposes according to the context in which it is introduced. As described by
Tezel et al. [5], some of the objectives are associated with increasing information availability and
removing of blockages in the transfer of information. It is a strategy with potential to facilitate
transparency across planning, execution and control interfaces and also information flow [15]. Other
purposes for VM have been also pointed out in the literature, such as: enabling collaboration among
stakeholders [16], encouraging a sense of shared ownership [5], which can also be related to
commitment, engagement, integration, shared knowledge, as discussed by Brandalise et al. [17].
Understanding the key purposes, also named as functions in the literature, that VM can perform is
instrumental for the dissemination of those devices into different sectors and work settings [5].

Valente et al. [12] proposed guidelines to support the adoption of VM, such as “encourage joint
information processing”, considering visual devices can be used as catalysts for collaborative processes
to facilitate a variety of tasks and achieve consensus. Furthermore, digital VM can be extremely
dynamic, incorporating automation and several users’ perspectives [8]. However, managing the
continuous flow of information among all stakeholders involved in the process is still a major challenge
despite the recent technological improvements. Four scenarios for improving performance of VM with
digital technology were suggested by Murata [18]: (i) view, expanding visual space, e.g. virtual, real
and data world; (ii) time, considering the temporal extension, visualising not only the past and the future,
but also in real time; (iii) solution, supporting not only the identification of the abnormality, but the
entire problem solving process, such as root-cause analysis and devising countermeasures; (iv) place,
visualising geographically different places.

Thus, according to Tezel and Aziz [8], the implementation of technology still presents some threats,
e.g. neglecting the process and people and giving too much importance to the technology side, as well

! Knowledge Transfer Partnership (KTP) is a partially government-funded programme; and this KTP project
aims to explore the integration of Lean and digital design, and it is sponsored by InnovateUK.
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as deficient supply chain readiness to implement and operationalise the digital scenarios. Some barriers
faced in the implementation of technology may be related to the lack of interoperability between
technologies, lack of trained workforce, as well as lack of best practices and a business case [8§].

3. Collaboration in design

Design is an activity in which a team should work collaboratively towards a final solution, which
emerges as a result of the interaction between design team members, the artefact, other professionals
and the environment [19]. Wood and Gray [20] describe collaboration as an interactive process which
should engage autonomous stakeholders addressing the same problem. Collaborative work between
different specialists and professionals, such as designers and contractors, is increasingly necessary in
construction projects. In design, there is much interdependence between stakeholders, which puts
pressure on the capability to communicate, transfer and share knowledge and information between them
[21].

Research aiming to enable people to communicate, as well as share artefacts and information across
distances has been done for many years [22], and there is a number of solutions supporting remote
collaboration. However, the design of the digital systems rarely gives explicit attention to the
coordination aspects, such as the cognitive aspect [23]. Most of software systems eventually fail without
the cognitive work that people engage in with each other [24]. Technologies usually concentrate
response coordination with a leader, implement a prescriptive process management approach, failing to
consider the hidden cognitive work of coordination, and depend on devices that fail to completely
support dynamic interactions [23]. Some difficulties were highlighted by Anumba et al [25], such as the
use of diverse software tools and the lack of effective collaboration tools that are necessary to reduce
the time and distance constraints, increasingly required by distributed design teams’ work. Some ways
of working, such as collaborative brainstorming on a whiteboard, cannot be completely supported in
remote situations using traditional solutions [26]. Thus, the support for distributed creative working is
described as limited by Gumienny et al. [22], with no support for the users who are actually collaborating
with each other, resulting in an emotional disconnection.

In addition, collaborative processes demand a shared understanding by the stakeholders involved,
rather than simply sharing knowledge [1], as it is a process related to the creation, exploration,
information sharing, and integration of knowledge in order to develop common processes, products, and
goals [27]. Shared understanding suggests an overlap of understanding among teams regarding a task
[28], aiming to manage conflicts based on different perceptions. When people have a debate, there is a
need of some common ground, which is defined by Kecskes and Zhang [29] as a dynamic construct that
is jointly created during communication. The understanding of a dynamic environment within time and
space, is also reated to situation awareness [30], and can be used for analysing, explaining, and
improving collaborative working [31]. In fact, shared understanding, common ground and situational
awareness emerged in the literature as relevant aspects to support collaboration.

4. Research Method

The overall methodological approach adopted in this investigation is action design research, as there is
a strong involvement of the researcher and the company in the development of the solution, and there is
no clear separation between developing and evaluating the artefact [32]. It is characterised by several
learning cycles. The study was conducted in four stages: (i) diagnosing, related to the understanding of
the overall problem, existing VM devices and collaboration routines; (ii) action planning and taking,
associated with the proposition of new digital VM devices using collaborative digital whiteboards, such
as Miro (www.miro.com) and Mural (www.mural.co); (iii) evaluation of the solution; and (iv) reflection
upon the solution and critical analysis. The next cycles will further explore how users adopt and perceive
digital collaborative VM by analysing the interface of collaboration and digital whiteboards,
understanding its implementation in other sectors, and investigating a wide range of digital collaborative
VM.
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An empirical case study was carried out with an infrastructure design and consultancy company in
the UK, as part of a KTP project. This research consists of a development and critical analysis of visual
devices used by the company to support Lean implementations, such as LPS, focusing on digital
whiteboards. The investigation is focused on highways and railways construction projects and have been
chosen due to the fact that those projects had implemented Lean practices and digital VM to support
design development. The researcher introduced the method in this context as well as engaged and trained
people on how to use it. The main sources of evidence were: (i) participant observation of face-to-face
and virtual collaborative planning sessions; (ii) small survey with workshop attendees; (iii) workshop
with key stakeholders; (iv) development of training materials; and (v) training sessions.

5. Description of whiteboards to support collaborative practices

The starting point was a practical problem identified in the company. It had decided to implement lean
practices and digital solutions across the company to increase efficiency. VM and digitalisation have
emerged as an opportunity to deal with the challenges related to the teams’ fragmentation and lack of
process transparency. In addition to it, digitalisation has become even more relevant due to the new
coronavirus (Covid-19) pandemic, in which working from home has been accelerated, affecting ways
of working, communicating, and collaborating. Most interactions among design teams started to be held
in virtual environments.

The use of digital whiteboards has been found by company members as a beneficial approach to
communicate ideas, concepts, actions, supporting virtual collaboration and integration, as well as
discussion among different stakeholders based in different places. The digital whiteboards were
described by the users as providing easily available information for remote collaboration, crossing the
physical barriers. The experience was that everyone can contribute equally and support faster problem-
solving. The implementation of the whiteboards was done across different design projects, teams, and
organisational levels as well as for different functions, as described below (Table 1). Nine different uses
and functions were identified, however, the adoption of the whiteboard for the LPS implementation was
analysed in detail (Table 1, ID 1), comparing manual and digital practices. The adoption of digital
platform for the LPS emerged as an opportunity to assist remote planning and coordination of activities
throughout the restrictions of working from home, and the other uses emerged as a consequence of its
initial use, without a problem identification in advance. The teams became familiar with the whiteboard
interface and its functionalities, facilitating the whiteboard dissemination for other uses.

Digital whiteboard (Table 1, ID 1) was adopted to support the collaborative planning sessions, which
are undertaken along the whole design process to develop a high-level schedule, reviewed every three
or four months. Those sessions are also called master and phase scheduling in the LPS, specifying what
‘should’ be done when and by whom. These elements are part of the LPS planning and control process,
which can be described in five stages: (i) master scheduling, (ii) phase scheduling, (iii) lookahead
planning, (iv) commitment planning, and (v) learning; and those are based on ‘Should-Can-Will-Did’
definitions [14]. The collaborative planning sessions were focused on the agreement of deliverable dates
already defined in the long-term plan and the purpose is to ensure that all parties understand the
timeframes, their responsibilities, and consequently, the impact of not delivering their tasks. So, risks
and assumptions were identified, understood, and logged during the session for continuous review and
management. A practitioner with knowledge in Lean, who is external to the project, usually chairs the
meeting, aiming to bring a neutral perspective to decision making points and keeping the meeting in
focus.
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Table 1. Functions of digital whiteboards.

ID Name Description Illustration

1 Digital whiteboard Digital whiteboard (MURAL) for agreeing of the next steps ———&
for implementing  and long-term plan, as well as identifying and managing —
LPS key risks, actions, assumptions and opportunities. = =

2 Digital whiteboard Digital whiteboard (Miro) for design process mapping and
for process mapping value stream analysis, supporting the identification of the
current state process and opportunities to improve.

3 Digital whiteboard Digital whiteboard (Miro) for devising new systems, e.g.
for designing new VM dashboard mock-up and lessons learnt system
systems development, through collaborative discussions and

agreements.

4 Digital whiteboard Digital whiteboard (Miro) for developing new Lean

for devising new strategy and business model, describing how Lean is
strategies implemented across the different project stages at the O"Te 0‘"0‘;5 '
company, as well as collating the different initiatives into & ee

one document that will guide future implementations and
training.

5 Digital whiteboard Digital whiteboard (Miro) for brainstorming and
for brainstorming  collaborative problem identification. It was mainly adopted
as a support for the KTP project development, focusing on
the identification of key Lean-BIM improvement
opportunities.

6 Digital whiteboard Digital whiteboard (Miro) for meeting structure, including
for meeting structure strategic alignment, agenda, workplace and minutes, e
actions and responsibilities. It was used to support different  -.
types of meetings, e.g. KTP meetings, drainage strategic
meetings, LPS meetings.

7 Digital whiteboard Digital whiteboard (MURAL) for constraints identification
for identifying can be used to recognise the information each discipline
constraints and requires. It was suggested to a project in which the
requirements from  constraints were poorly identified.
design disciplines

8 Digital whiteboard Digital whiteboard (MURAL) for mapping key
for mapping stakeholders supported their identification and
stakeholders classification according to the interest/availability and

influence in the company.

9 Digital whiteboard Digital whiteboard (Miro) for joint research development —
for joint research @  was adopted to support researchers in brainstorming, EE- imsi-s
insights recordings, papers discussion and making notes, T B
and artefacts development.

2 This purpose was identified by the researcher from outside of the company and the KTP project

5.1. Pre-pandemic manual VM for implementing LPS

Prior to the restrictions imposed due to the pandemic, those discussions were held through face-to-face
meetings. The teams adopted two different collaborative visual boards to support the discussions and
agreements (Figure 1). The board with milestones and deliverables (Figure 1A and 1B) was the main
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VM device used during the meeting, although there was also a board supporting the discussions related
to assumptions, key actions, risks, and opportunities (Figure 1C) emerging during the meeting. These
were flexible and simple, encouraging greater engagement and ownership of the work by participants.
The routines related to the use of the device are described in Figure 2.

Figure 1. Manual board for collaborative planning. Figure 1A represents the moment in which each
discipline plans individually; Figure 1B, the collaborative planning; and Figure 1C, the board with
assumptions, risks, actions and opportunities.

& Sty ggas gmaa :
&z ¢ %‘f 25" W aa 0= 2t o

Validate
2 Jse > 3 > ar e o /] g ansfer
Design the Introduction to 1 Use the Use the board Use the board with Takes pictires Share the Transfer e
il LPS and > boards for with milestones assumptions, actions, of the board board pictures > information to >0 it
and initial set instructions on initial and deliverables risks and opportunities by email the planning
up of the room how to use the planning for joint planning for agreement Ae software
board

manager and
discipline leads

4 J

Figure 2. Manual VM practice.

The project manager or practitioner used to support the set-up of the room and visual board display,
including the general milestones on the board prior to the meeting, which were based on the master
schedule milestones. A brief introduction to the LPS concepts with key instructions on how to use the
board was provided at the beginning of the meeting. To begin with, each discipline used the board for
initial planning (Figure 1A), developing a high-level programme to fit with client and procurement
requirements. After that, all disciplines members used the board simultaneously (Figure 1B) for
collaborative planning. Each discipline outlined their programme to the group and collectively they
reviewed, challenged and improved the plan, also identifying issues or constraints, and developing
actions or mitigations. After the meeting, the information was recorded through pictures of the board,
that were shared with the design and project control team. Then, the information was updated into the
master schedule, also feeding and guiding the other levels of planning. This was classified by the team
as a waste in the process due to the rework required and time spent to transfer the information from the
manual sticky notes to the planning software. The notes used to be very simple and handwritten,
demanding time to understand its connection with the activities in the planning software. Taking this
into consideration, it was necessary to confirm and validate the new programme with the discipline leads
before publishing a new version. The main issues with the manual VM devices were related to the
difficulty in maintaining the information up to date, recording and sharing the information properly and
decision-making with the geographically distributed teams. There was also a lack of space to display
the VM devices in the company offices, as the meeting rooms were shared between different projects,
limiting the availability of those devices during the meeting.

5.2. Digital VM for implementing LPS

Since early 2020 those meetings started to be held in virtual environments using MURAL and Microsoft
Teams to support it. The latter one provided means for communicating and distributing information
through synchronous distributed collaboration. The digital whiteboard in MURAL (Figure 3) was
adopted for agreeing on the next steps and long-term plan, as well as identifying and managing key
risks, actions, assumptions and opportunities. It also included the agenda, and a section with key ground



World Building Congress 2022 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 1101 (2022) 052012 doi:10.1088/1755-1315/1101/5/052012

rules in the digital environment. The board was updated every 3 or 4 months, depending on the project
requirements, and it was used in a weekly basis to support short-term discussions.

The visual and non-visual work related to the digital whiteboard is described in Figure 4. Similar to
the manual practice, the Practitioner or Project Manager supported the design of the device and the initial
set up. The Project Manager and the Practitioner would have a catch-up to define the agenda and aim of
the meeting. Thus, the collaborative board link and agenda were shared with the team prior to the
meeting, requiring the discipline teams to populate and familiarise themselves with the board before the
session. Following the same steps as the face-to-face meeting, a training was carried out. The
instructions were usually given only in the first collaborative planning session of a project, assuming
the teams would know how to use the board in the following ones.
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Figure 3. Digital whiteboard for master and phase planning.
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Figure 4. Digital VM practice.

During the meeting, some team members adopted the board simultaneously with access through a link,
whereas the facilitator shared the screen with the board to enable the visualisation for those participants
not comfortable in using the whiteboard by themselves. The platform still presents a functionality to
bring all the participants to the same view, enabling everyone to visualise the same information at the
same time and have directed focus, regardless the approach adopted. The meeting was carried out
through synchronous distributed collaboration, allowing interactions among all stakeholders
simultaneously. However, the use of the digital whiteboard prior and after the meeting through
asynchronous distributed collaboration was also facilitated, allowing the design team members to use
the board individually with an easy access through the same link shared previously. Following the
meeting, the Project Manager would share the board link and other documents with the team and with
the project control team, so they were able transfer the information from the digital board to the master
schedule software. A backup of the board was also created with the aim of tracking the decisions made
during the sessions. The connection between the whiteboard and the master schedule software was still
not automated, requiring someone to input the information into the Primavera P6 software. However,
the process was facilitated due to the fact the information was already digital and the activity reference
numbers were included, making it easier to match with the activities in the software.

Some of the positive aspects highlighted by the project team were related to the visualisation of the
programme, collaboration among all parties, raising issues and presenting a simplified programme, as
well as the time efficiency related to having the plan already available to the team without a need to
digitalise it. The key challenges identified were described as: discussions were held among a few
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individuals and not everyone was as involved in the same level of collaboration, and IT issues relating
to access to the board and breakout rooms were also classified as challenges.

6. Discussion

The use of digital platforms started with the assumption that the problem to be solved was identified,
i.e. changing from a face-to-face to an asynchronous distributed collaboration to support remote work,
and the digital whiteboards were identified as a suitable solution for that gap due to its easy information
access and collaboration aspect. It followed the formal problem-solving practice, as defined by von
Hippel and von Krogh [33]. Thus, the digital whiteboards started to be developed and used in the
company as an approach to recreate the collaborative environment as it existed in the face-to-face
planning sessions. However, the solution started to solve problems not previously identified, following
the informal problem-solving approach proposed by von Hippel and von Krogh [33]. This approach
suggests that a need and a solution can be discovered simultaneously, a need—solution pair being thus
tested for viability. So, the identification of different functions for the digital whiteboard emerged during
its use due to the platform flexibility, in which the information and the interface can be changed in
response to the dynamic environment, suggesting that new problems could also be solved without a
previous problem formulation. Thus, the flexibility to adapt the devices according to the users’ needs
over time and requirements was considered a positive characteristic of the digital whiteboards. As
suggested in the literature, this could reduce costs and time associated with the problem identification
[33].

New technologies can also support new ways of communication, collaboration, and visualisation, by
creating a common ground that is continuously created [29] and recreated. Thus, digital whiteboards
also present the potential to facilitate the transfer of information, to speed up communication and
decision-making, as suggested by Koskela et al. [34], supporting complex and emergent interactions in
the collaborative space. The creation and use of information were based on a more dynamic
environment, allowing everyone to interact simultaneously even through asynchronous collaboration
through easy access and use of the platform. Furthermore, its usefulness in the digital context was a
response to Covid-19. According to the company project director, ‘the use of MURAL allowed everyone
to input simultaneously without being overwhelming’. Digital whiteboards allow the information to be
transferred across time and space, as argued by Murata [18], supporting the understanding of the
dynamic environment through better situational awareness [30]. Virtual meetings using digital
whiteboards allow people from different offices to meet without the time and expense of travel, also
allowing a greater number of stakeholders to attend. It was considered by a team member as a ‘useful
structure to pull all teams together and understand the key milestones and risks to the programme’,
allowing the engagement and commitment of different stakeholders in identifying not only any
abnormality in the schedule, but also the entire problem solving, such as the causes and countermeasures,
in the same interface, corroborating with the ‘solution’ dimension suggested by Murata [18].

However, sharing knowledge is not enough to support collaborative practices. A shared
understanding is also required to support the development of products [27]. So, digital platforms
supported the joint learning through combining different perspectives and interests [27], promoting the
development of the design projects as well as the development of new VM practices for different
purposes. In addition to that, digital environments are changing the effort needed to set up meetings.
Less set up effort is required, considering the sessions do not need to be scheduled in advance compared
with the face-to-face approach, and rooms do not need to be booked. Also, the size of a room is not a
concern anymore, as digital rooms can fit a large number of participants. However, the excess of virtual
meetings and increased people accessibility can be considered a challenge, as people may develop
meeting tiredness and collaboration can also become a challenge. Thus, people may be collaborating
differently over digital and manual devices and the dynamics may be different; so the devices should
consider those different aspects.

The required learning curve was short, even though a minimal level of training was needed, as the
whiteboard for collaborative planning sessions were easy to use and mirrored the manual board,
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traditionally adopted by the company. However, there were still some challenges associated with the
adoption of different platforms simultaneously [25], e.g. the digital whiteboard and Microsoft Teams,
in which more digital skills were required. This can also be related to the readiness needed to implement
and operationalise digital VM, as well as the lack of interoperability between technologies, as argued
by Tezel and Aziz [8]. The level of finishedness required was higher than the level in the manual board,
considering it was possible to input more information on the sticky note, consequently, inhibiting
modifications and requiring more time to insert the information. The social aspect can also become a
barrier, as it can be more difficult to build relationships when interacting virtually since early stages of
a project, and people can feel neglected [8], so that face-to-face interactions can be recommended at the
start of a project to tackle those challenges. In addition to this, emotional challenges in digital
environments could be related to the lack of ownership, which may be associate with the lack of
identification with the digital technologies.

7. Conclusions and Further Research

Digital VM can be adopted as a means for collaboration among individuals with different perceptions
to establish a common point of view. These aspects were explored in this paper through the analysis of
VM supporting collaborative practices in infrastructure engineering design processes. Different
functions of digital whiteboards were investigated, focusing on whiteboards for implementing LPS. The
investigation helped to better understand the effectiveness of collaborative VM in digital infrastructure
engineering design, by analysing its applicability to diverse functions and comparing digital and manual
implementations. It considered the human-technology interaction through different types of
collaboration, e.g., asynchronous and synchronous distributed collaboration, and the users’ perception
in collaborative practices to support common ground, shared understanding and situational awareness.
Collaborative digital VM allows the information to be transferred across time and space, identifying not
only the abnormality but also supporting the problem solving. By creating a common ground, the
transfer of information, communication and decision-making can be improved, and the new
technologies can support complex and emergent interactions through new ways of communication,
collaboration, and visualisation. This research is limited to the analysis of digital whiteboards, further
work should explore a substantial number of other digital collaborative VM devices, encouraging a
further reflection about the benefits and barriers, as well as users’ perceptions. Further investigation is
also required in the interface of collaboration and digital VM, considering different the collaborative
mechanisms, knowledge to be integrated and factors that influence in creating a common ground.
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