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Abstract: The coronavirus outbreak forced design companies to consider how the flow of information
and work processes could be managed in the context of remote design work. This research aims to
put a digital Last Planner System (LPS) whiteboard to the test in support of remote collaborative
design process planning and control and identify its benefits and challenges. The synergies between
lean and digital practices were explored by developing solutions in two different case studies, one
in the UK and the other in Estonia. Research results were interpreted, and the main lessons learned
were articulated. The digital LPS whiteboard enabled and supported the remote planning and control
of design projects and processes. The digital LPS whiteboard had the following process-related
benefits, including, for example, increased transparency, understanding, engagement, flexibility, and
continuous improvement. Challenges in the use of the digital whiteboard were generally due to an
excess of information and meetings, the social limitations of virtual meetings, and a lack of relevant
IT competencies. Recommendations for individuals interested in planning, developing, and testing a
digital whiteboard for remote implementation of the LPS are made. Further research on the entangled
nature of digital whiteboard functionality and LPS behaviors is needed.
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1. Introduction

At the beginning of 2020, the world was hit by an outbreak of the coronavirus (“a
serious acute respiratory disorder”) [1]. The ensuing health crisis had a significant impact
on the global economy and work [2]. Construction design delivery was influenced by
the COVID-19 pandemic and related restrictions [3]. Architects, engineers, and managers
moved out of their offices and began working from home, forcing companies to reconsider
the organization and management of design work. In this setting, digitalization, in general,
took on a key role in support of remote work [4] and collaboration [5]. The question of how
to organize and manage collaborative remote design work was the starting point for this
study, which began in 2020 and continued through 2022 in two different locations, the UK
and Estonia.

Building information modeling (BIM) [5], BIM-based common data environments [6,7],
and digital twins [8–10] have been proposed and developed to help improve the communi-
cation, coordination, and integration of design information and knowledge. In order to
support project-based collaboration, the last planner system (LPS) for project and produc-
tion planning and control was introduced in the early 1990s [11]. Recently, the connection
between digitalization and LPS was established in off-the-shelf commercial systems such
as VisiLean [12] and vPlanner [13] and prototype systems such as KanBIM [14].

However, such digital LPS solutions have focused on construction site production
management needs, and design process planning and control needs have been neglected.
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Now, a new digital possibility has emerged for the support of design collaboration. This is
the digital whiteboard, which can be used to support a collaborative remote implementation
of the LPS [15]. While the LPS is a well-established collaborative project and design
planning and control system based on a physical presence that supports the implementation
of project-based production operating systems [11], the digital whiteboard is a flexible
virtual and visual platform (i.e., white canvas) that affords the development of artifacts
which support remote collaboration [16].

This exploratory action research aims to develop and test the first version of the digital
LPS whiteboard as a tool to support the remote collaborative design process planning and
control and to identify its benefits and challenges. Lean management and approaches
can also contribute to achieving the U.N. Sustainable Development Goals. Overall, the
presentation of this research is divided into five sections. First, the research background
with core ideas and concepts relevant to the digital LPS whiteboard is provided. Then the
research method and cases are described. Next, the action-taking and evaluation steps of
the two cases, in the UK and Estonia, are presented. After this, the results of these cases are
discussed and interpreted, and the main lessons learned are articulated. As is typical for
action research, the specification of learning and interpretation of results is presented in
the end because the study arose from the practical need to support remote collaborative
planning and control of design processes rather than from theoretical propositions. Finally,
our conclusions are presented.

2. Research Background

This section addresses design collaboration, the Last Planner System (LPS), and visual
management as the key ideas and concepts involved in the development of digital visual
and collaborative planning and control artifacts. Those concepts are addressed briefly
because they are well known, and the paper length is limited.

2.1. Design Collaboration

The delivery of construction design projects demands an increasing breadth of knowl-
edge and expertise and relies heavily on teamwork. Problems in design tend to emerge
at the nexus of different disciplines [17]: client versus designer, architecture versus engi-
neering, design versus construction production, etc. Collaboration and trust are needed to
address design problems and improve design and design management processes [18–22].
Without collaboration and trust, non-value-adding activities such as over- and under-
designing are more likely to occur [22,23].

Extensive research on design collaboration has been carried out in construction de-
sign [24–27], construction design management [19,28], and more general design con-
texts [29–31]. There is, however, a lack of common understanding of the meaning of
collaboration [32]. The focus in construction design and construction design management
research seems to be on the creation and evaluation of a digital means for facilitating
efficient communication and enabling the coordination of systems [5,26,33–35]. In other
words, current research on construction design collaboration appears to be rather limited
in scope.

Numerous definitions for design collaboration have been proposed, all influenced
by particular views and dispositions [32]. Kleinsmann [30] proposed a definition for
collaboration that addresses both the technical and social aspects of design activity: “...the
process through which actors from different disciplines share their knowledge about the
design process and the design [task] itself. This creates shared understanding related
to both process and artifact, helps integrate their knowledge, and helps them focus on
bigger common objectives—the final product to be designed”. In other words, design
collaboration is a complex concept [32], and a multi-tier approach is required to enable,
facilitate, and improve design collaboration.

Designers and engineers work within different segmented “object worlds” (different
paradigms, languages, and activity systems), dividing “the design task into different [but
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not independent] kinds of effort” [36]. What matters is how expertise is assembled and
collaboration is managed to address design project needs:

• Needs stemming from designers and engineers contributing to a common goal [36]:
There is one associated set of design priorities (project, object, and client aspira-
tion) [17].

• Needs stemming from client expectations and requirements [37]: Defining and
translating client (often aggregate client) needs into requirements necessitates in-
terpretation, and prior solutions may not suffice.

• Needs derived from a single and collective design process [38,39]: There is a need
for the timely delivery of outputs, requiring the coordination and integration of
design work.

• Needs derived from the designed construction system, the whole, and its parts [40]:
Parts must fit, and performance (functioning and behavior) must be achieved at the
whole system level.

Design collaboration needs to be managed, and the LPS has been demonstrated to
support project-based collaboration.

2.2. Last Planner System

The LPS was developed to improve collaborative project and production planning
and control systems with functions to define the project, set and steer cost and time targets,
and plan and control project production [11]. In the latest process benchmark for the LPS,
presuppositions (assumptions about the world), conventions (activity/task break-down),
principles (rules), processes (six processes from project planning through learning), and
methods (a way of performing the operations within processes) have been described to
explain the system, its elements, and relationships.

The LPS is implemented through the six interconnected processes as follows [11]:
(1) project execution planning, (2) master planning, (3) phase planning, (4) lookahead plan-
ning, (5) weekly work planning, and (6) learning. Five metrics to measure the effectiveness
of LPS implementation and promote continuous improvement have been defined as fol-
lows [11]: Commitment Level (CL), Percent Plan Completed (PPC), Tasks Anticipated (TA),
Tasks Made Ready (TMR), and Frequency of Plan Failures (FPF). CL measures whether ca-
pacity has been allocated to critical/required tasks. PPC measures how well commitments
are being kept (workflow reliability). TA measures whether operations have been defined
in time to identify and remove constraints. TMR measures the timely removal of constraints.
FPF measures the team’s effectiveness in learning from reoccurring plan failures.

The LPS has also been implemented in the design context to support collaborative
design process planning and control [41,42]. Face-to-face and collaborative planning and
control sessions have played a key role in the implementation of the LPS in construction
design projects [43]. With the onset of the COVID-19 pandemic [3], however, architects,
engineering designers, and design managers soon moved out of their offices and began
working remotely from home. For facilitating and supporting remote lean design manage-
ment, Pedó et al. [15] had already started the development of a digital whiteboard-based
LPS and visual management artifact. The digital whiteboard is a blank canvas with the
functionality to support existing practices and behaviors and enable new ones. Digital and
visual collaborative whiteboards have thus presented a new opportunity to support remote
design collaboration.

2.3. Visual Management

Visual management (VM), a central concept of lean management and lean construc-
tion [44], emphasizes the process perspective in information and knowledge manage-
ment [45]. VM strategy aims to increase process transparency by purposefully designing
sensory systems that address the five human senses [46]: visual, auditory, olfactory, gusta-
tory, and tactile. This is used to create the capacity (affordances) of a design or production
process (or its parts) to communicate (interact) with people [45,47]. Process transparency
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is achieved by making process flows visible and comprehensible to workers and man-
agers [48].

VM is realized through visual (sensory) tools and systems (interlinked visual tools) [46,49].
Those tools are often developed through trial and error to address a practical need rather
than being derived from theoretical propositions [45]. The tools are used to create an infor-
mation field from which people can pull relevant information on a self-service basis [50].
The sensory stimuli induced by the tools should communicate necessary, relevant, correct,
immediate, easy-to-understand, and stimulating information to help people understand
the message and act on it by just looking at the tools [51]. Furthermore, abnormalities and
deviations should be easily recognizable [52]. Visual tools thus contribute to the reduction
of variability and the elimination of non-value-adding activities [45].

VM can, in this way, also contribute to information flow management in the con-
struction design process. It can support increasing the accessibility of information, team
communication, and the handling of ambiguity and uncertainty [15]. Visual systems and
tools can render design teams more self-managing [53]—the desired outcome in the context
of remote design work. Alongside these benefits, VM tools also have a management side to
them. This means the integration of tools with managerial routines and the definition of
ownership, maintenance, and standards for the tools in a work setting are necessary [54].

3. Research Method

For the trialing of the digital LPS whiteboard, the first iteration of the action research
method was carried out and is presented in this paper. Compared to positivist research, it is
a suitable method for researchers interested in developing practically relevant and theoreti-
cally interesting research involving the interplay of humans, technology, information, and
social-cultural contexts [55]. Action research is also appropriate when studying the adapta-
tion of new approaches or practices to empirical circumstances [56,57]. In action research,
the researcher actively takes part in the diagnosis of a problem and the development of a
solution [58].

The authors proposed and supported the adoption of the LPS using digital and visual
whiteboards in two different construction design organizations, one in the UK and the
other in Estonia, to support design work planning and control from late 2020 to early 2022.
Except for the “problem diagnosis” step, the first iteration of the action research was as
follows [59]: (1) diagnosing (problem identification), (2) planning (the consideration of
alternatives), (3) acting (the course of action), (4) evaluating (consequences of the action),
and (5) learning (general findings) (see Figure 1).
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The first “diagnosis” step in the context of this research was omitted as the problem
arose from the need to adapt to global COVID-19 restrictions. Both companies had also been
implementing lean design management practices, including the LPS, before COVID-19. As
designers and engineers began working from home, it led to the decision that the LPS would
be implemented on a digital whiteboard with advanced data recording and visualization
features. The prior experience of the researchers with Mural and Miro digital whiteboards
facilitated the integration of digital whiteboard functionalities with LPS processes.

The research questions were initially explored and developed independently in the
two different design management contexts, with the focus in the UK on infrastructure
design and in Estonia on building design. Later, the researchers discovered by chance
that they had been pursuing rather similar work. In the UK, the implementation of the
whiteboard began in 2020, and in Estonia, in 2021. Given the independent starts, the
implementation of the digital whiteboards and the evaluation methods in the two cases are
different. As this is, however, an initial trialing of digital whiteboards, the two different
focuses can be considered complementary and can provide good input for the planning of
future research. Case organization, project characteristics, and evaluation methods are now
briefly explained below.

3.1. UK Case: Organization, Project Description, and Action Description

The UK action research was carried out between June 2020 and June 2022 as part of
a Knowledge Transfer Partnership (KTP) project (sponsored by InnovateUK) intended to
promote collaboration between academia and industry. The project primarily explored the
integration of lean and digital design practices in the civil engineering sector.

The UK infrastructure design company has been implementing lean design manage-
ment practices for approximately the last six years. The company had also started im-
plementing digital technologies before the COVID-19 pandemic, whose onset accelerated
the development of the digitalization processes to support collaboration and information
sharing. Nevertheless, the company still faced limited standardization, fragmentation, and
quality challenges. Additional lean practices (especially VM) were identified as opportuni-
ties to address these issues.

Four projects were selected for testing the action research intervention. Projects 1,
2, and 4 were highway design projects, while project 3 was a railway design project.
Those projects were chosen due to (1) the availability of the teams to participate in the
research and (2) the identification of good lean and digitalization practices. All projects
were analyzed from the perspective of the company, even when multiple partnering
companies were involved in the design project. The design projects had a high level of
organizational complexity and uncertainty. The organizational complexity was related to
the great number of internal and external stakeholders and the interdependencies among
them. The uncertainty was caused by the need to adapt the processes of all the organizations
involved to the client’s requirements.

The intervention’s main actions related to the typical action research steps include (see
Table 1): (1) participant observation of virtual LPS planning sessions, such as Master and
Phase planning; (2) feedback collection (survey); (3) workshop with key stakeholders to
assess the digital whiteboard interface and process (VM device development); (4) intro-
duction of digital whiteboards for LPS planning sessions; (5) document and VM devices
analysis; (6) development of training materials; and (7) conducting of training sessions.
The researcher was involved in the introduction of the digital whiteboard and the training
of staff to use it.



Sustainability 2022, 14, 12030 6 of 27

Table 1. The intervention’s main actions for the UK action research case.

ID Research Actions From/What/Who Aim Projects

1
Participant
observation

1.1. Initial Planning meetings

Basic understanding of the planning and
control system, the collaborative
definition of the meeting structure
(agenda, aim, etc.)

1, 2, 4

1.2. LPS planning sessions:
Master and Phase Planning meetings

Understanding the impact of
changes in the planning and
control system

1, 2, 4

2 Feedback
collection

2.1. Four participants (Project Manager,
Discipline Leads)

Collection of feedback from users about
the virtual LPS sessions (Master and
Phase planning) and adoption of the
digital whiteboard

1, 2

3 Workshop 3.1. Practitioners part of the
continuous improvement team

Assessment of the digital whiteboard
interface and process -

4
The proposition

of digital
whiteboards

4.1. Digital whiteboard interface and new
routines developed

Development of the digital whiteboard
interface and routines in collaboration
with company staff

1, 2, 3, 4

5
Document and

VM devices
analysis

5.1. Planning and control documentation,
e.g., Primavera P6 program Understanding the project schedule 4

5.2. Collaborative digital whiteboard
interface analysis

Analysis of digital whiteboards adopted
as VM to support collaborative
planning sessions

1, 2, 3, 4

6
Development

of training
materials

6.1. Training material for the
LPS implementation

Development of a basic understanding of
the LPS in the project team -

6.2. Training material and guidance on
how to use the digital whiteboard

Development of a basic understanding of
digital whiteboard adoption in the
project team

-

7 Training sessions -
Training sessions introducing the LPS and
providing instructions on how to use the
board (as described above)

1, 2, 4

3.2. Estonian Case: Organization, Project Description, and Action Description

The Estonian action research was carried out in a design office founded in 2005 that
provides construction design and design project management services. It has used BIM
since 2009 and began its lean journey (e.g., implementing the LPS) in 2016 [43]. The
coronavirus outbreak and restrictions imposed by the government had a significant impact
on the company’s processes and practices. Architects, engineers, and design managers had
to adjust to working from their home offices.

For the development and testing of a digital whiteboard-based LPS, a real estate devel-
opment project was chosen. This research looked at the second phase of the development
project, which involved the design of two new apartment buildings with a common under-
ground garage, two repurposed and renovated office buildings and a restaurant building.
Table 2 summarizes the main characteristics of the buildings being designed. In this table,
the restaurant building was omitted, as it was relatively small and was considered to be
part of the design scope of the old barracks building. All the buildings were relatively
simple, but there were difficulties due to renovation and heritage protection issues. The old
barracks building and the old sauna and guard buildings were originally constructed in
the early 20th century and are now under heritage protection.
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Table 2. Characteristics of designed buildings.

Characteristics Apartment Buildings
(Tondi 57) Old Barracks (Tondi 57) Old Sauna and Guard

Building (Sõjakooli 6)

Pictures
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Table 3. Metrics that were used in the research to evaluate the design process performance. 

Use type Living Office Office
Design project type New build Repurposing and renovation Repurposing and renovation

Area under construction, m2 Overground 1569 m2

Underground 1935 m2 1765 m2 954 m2

Gross area, m2
6195 m2

Overground 4258 m2

Underground 1938 m2
4323 m2 Currently unknown

Closed net area, m2 Currently unknown 3585 m2 1282 m2

Number of floors above and
below ground 3 above and 1 below ground 2 above ground 1.5 above ground

Planned design
phase duration October 2021–March 2022 (6 months) October 2021–January 2022

(4 months)

Altogether 15 different design offices took part in the design process, which involved
architects, landscape and interior architects, structural and building services engineers, and
fire safety and sound protection engineers. Consultants working in certain areas (e.g., solar
panels and surveying) were not included in the digital whiteboard-based LPS sessions.
The input from or output to these second-tier consultants was mediated by two design
managers or by architects, engineers, or clients. The lead designer and design management
company had prior experience implementing lean design management and the LPS in
their projects.

A process performance analysis and a focus group interview to evaluate the imple-
mentation of the visual and digital LPS were conducted. During the preliminary design
phase, the project documents (e.g., master plans) were collected, meetings were recorded,
photos of the weekly version of the schedule were documented, and the design process
was assessed against LPS metrics. In the case of process performance measurement, video
recordings of digital whiteboard-based LPS meetings in Microsoft Teams were used to
measure and analyze process metrics. Key metrics (Table 3) included the percentage of
plans completed (PPC, %), tasks anticipated (TA, %), tasks made ready (TMR, %), and work
in progress (WIP, %). A new metric, “weekly plan changes” (WPC), not originally part of
the Last Planner System, was also introduced. This metric was used to measure design
plan changes. The main reasons for not starting or completing design tasks on time were
also addressed.

After the preliminary design phase, a focus group interview meeting with team mem-
bers to evaluate the virtual LPS approach was organized by researchers. The same virtual
collaborative pull planning Miro board was used for the organization, preparation, and
carrying out of the focus group interview, which was recorded in Microsoft Teams. Ques-
tions and statements were added to the board and grouped into four sections: (1) General,
(2) Last Planner System, (3) Digital Last Planner System (LPS), and (4) Miro Board Content
and Structure. Interview results were analyzed and interpreted qualitatively with a focus
on identifying the digital LPS whiteboard benefits and challenges.
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Table 3. Metrics that were used in the research to evaluate the design process performance.

Nr Metric Calculation Method Example Objective

1 Percentage of Plan
Completed (PPC), %

PPC = Tasks completed on
time/Tasks planned for

the sprint

PPC = 5 tasks completed on
time/10 tasks planned for the

sprint = 50%
Measures workflow reliability

2 Tasks Anticipated
(TA), %

TA = Tasks anticipated to be
committed within the next
two weeks/Tasks that can

be completed

TA = 4 tasks
anticipated/(4 anticipated

tasks + 2 tasks added during
sprint) = 67%

Measures the team’s ability to
advance the design process

3 Tasks Made Ready
(TMR), %

TRM = Tasks with necessary
prerequisites/Tasks planned

to be taken on within
two weeks

TRM = 2 tasks with necessary
prerequisites/4 tasks planned to

be taken on within two
weeks = 50%

Measures the team’s ability to
identify and remove design

task constraints

4 Work in Progress
(WIP), %

WIP = Tasks started during
the sprint but not

completed/Planned
sprint tasks

WIP = 3 tasks started during
sprint, but not completed/10

tasks planned for sprint = 30%
Measures work in progress

5 Weekly Plan Changes
(WPC), %

WPC = (Tasks added during
sprint planning + postponed

tasks)/Tasks planned for
the sprint

WPC = (3 tasks added + 4 tasks
postponed)/10 tasks planned for

the sprint = 70%

Measures plan changes relative
to the previous version

4. Action Taking and Evaluation

This subsection describes the action-taking and evaluation steps of the action research
for the UK and Estonian cases.

4.1. UK Case
4.1.1. Collaborative Planning and Control Process

A digital whiteboard (i.e., MURAL) was adopted to support the collaborative LPS
planning sessions for the four different projects. The LPS planning sessions were conducted
throughout the entire design process to develop and manage the master and phase plans.
Those sessions also focused on the identification and management of key constraints and
agreement on long and medium-term plans to protect the baseline program. The latter
required ensuring that all parties understood their responsibilities and the timeframes for
deliverables defined in the long-term plan.

Typically, the continuous improvement team member (also called a lean practitioner),
external to the project team, led the meetings, providing a neutral perspective and keeping
the meetings focused. The meetings were carried out on the virtual MURAL and Microsoft
Teams platforms. Microsoft Teams supported communication and the distribution of
information. The digital whiteboard in MURAL was adopted to build the VM device for
supporting LPS long and medium-term planning and control of the design projects.

The main board with milestones, deliverables, and activities is shown in Figure 2a
(number 1), and its elements are illustrated in Figure 2b. Risks, assumptions, opportunities,
and actions were identified, assessed, and logged during the sessions for continuous review
and management (Figure 2a, number 4). Furthermore, the MURAL board included a section
with the agenda (Figure 2a, number 2), ground rules for working in the digital environment
(Figure 2a, number 3), guidelines on how to use the digital platform (Figure 2a, number 5),
and lessons learned and improvement opportunities regarding the collaborative planning
session (Figure 2a, number 7). Two virtual sticky note packages (with a specific color for
each discipline) were added to the board (Figure 2a, numbers 6 and 8) to support user
activities on the board. The packages were located close to the place of use.
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The researcher and practitioner designed the VM device and supported the initial
set-up, e.g., adjusting the project timeframe according to client requirements and adding
key milestones according to the master schedule. The aims of and agenda for the meeting
were defined by the project manager and practitioner at a project planning meeting. Both
the Mural board link and agenda were shared with the team before the meeting to give
the discipline lead designers time to analyze and populate the whiteboard before the
session. This approach helped reduce the duration of meetings, as teams were then already
familiar with the board content, including key activities and milestones. Compared to a
traditional face-to-face LPS carried out in the company before COVID-19 restrictions, no
initial discussion and planning for each discipline were required in the digitally organized
project planning sessions.

The board could be used by all team members simultaneously, which means that all
users were allowed to visualize the information, as well as edit it as required. The meeting
facilitator (Lean practitioner) shared the screen with the whiteboard to facilitate discussions
and be sure everyone was in the same place, focusing on the same topic on the whiteboard.
The whiteboard platform (i.e., Mural) used in this case also makes it possible to move all
participants on the board to the same location and view to ensure everyone is focused on
the same information. The digital platform could also be used before and after meetings for
asynchronous distributed collaboration, allowing the design team leads to use the board to
support discussions within each discipline.
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The master plan was reviewed every three or four months, depending on project
requirements. The master plan was also used in weekly meetings to support short-term
discussions and to ensure that the team was achieving the agreed milestones and deliver-
ables. After each meeting, a backup (copy) of the board as an image was created, and the
board was duplicated to track decisions. The project manager shared the board link and
other key documents with the design team and project control team. The project control
team transferred the information from the digital whiteboard to the master scheduling
software (i.e., Primavera P6), updating the project program with new dates. The transfer of
information from MURAL to the P6 master scheduling software required manual work. It
was, however, simplified in this case since the information was already in a digital format,
whereas the more traditional approach would have involved handwritten sticky notes.
Thus, a step related to program validation with the discipline leads before the publication
of a new version was eliminated.

4.1.2. Evaluation of Digital LPS Whiteboard Intervention

The implementation of a digital LPS whiteboard across four projects was evaluated
using the actions in Table 1. A questionnaire was also prepared. While only 5 out of
15 people responded, much less than ideal, this limitation will certainly be addressed in
future research. This paper, however, is the reporting of the first iteration of the action
research, and as no survey methodology is followed, the study is considered a useful
starting point for further research, and no statistical representativeness is aimed at.

Respondents were asked to evaluate 11 (S1–S11) statements concerning the digital LPS
whiteboard usability on the 5-point Likert scale (Strongly agree, Agree, Neutral, Disagree,
or Strongly Disagrees), as depicted in Figure 3. All either strongly agreed or agreed with the
following statements: S1, S2, S5, S6, and S7. In the case of statements S4, S9, and S10, one
was neutral, and the rest either agreed or strongly agreed. In the case of statements S3 and
S8, one disagreed, one was neutral, and the rest agreed or strongly agreed. Finally, in the
case of S11, two were neutral, one disagreed, and the rest agreed or strongly agreed. Overall,
respondents then generally held favorable views towards the use of the visual dashboard.
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Next, the general lessons learned, presented as benefits and challenges, are summa-
rized based on a triangulation of observations (see Table 1) and survey responses. The
benefits of implementing the LPS on a digital and visual whiteboard include the following:

1. Easy to set up meetings: Less effort and time are required and no physical space
needs to be reserved for meetings.

2. Focused meetings: The structure, roles, and responsibilities in meetings were clearly
defined.

3. Increased involvement and collaboration: One team member stated that “it was
[ . . . ] useful to pull all teams together and understand the key milestones and risks
in the program”. According to the same team member, this heightened engagement
and the commitment of different stakeholders to identify schedule abnormalities and
solve problems in the same interface.

4. Better accessibility: Information in a digital format is accessible simultaneously at
any time, in any place, and on any device.

5. Continuously improved shared templates and standards: It is easy to create and
modify digital whiteboard templates and standards to create and re-create a common
ground in a project and across projects. This facilitates and enables continuous
improvement; however, it is difficult to keep everyone up to date with the changes.

6. Similar practices for physical and digital LPS: Digital whiteboard LPS practices
mirrored physical LPS practices. The fact that the digital solution mirrored “manual”
practices facilitated the use of the former.

7. Easy to use digital whiteboard: The company project director stated that “the use of
MURAL allowed everyone to work and interact simultaneously through easy access
and use of the whiteboard without being overwhelmed”.

8. Attention management: The selected digital whiteboard solution makes it possible
to direct and manage the attention of participants, e.g., by moving them all to the
same view.

9. Well-visualized data: Plan and control data on the digital whiteboard is well-structured
and well-organized visually.

During the study, across four projects, the following challenges were identified:

1. Limited social dimension of digital meetings: In virtual meetings, it is difficult to
develop and build personal relationships. For example, design project teams should
benefit from face-to-face meetings at the beginning of projects.

2. Too many or overly long meetings: The ease with which meetings can be organized
promotes the organization of more meetings. This can lead to an excess of virtual
meetings and meeting fatigue.

3. Not all were equally involved and engaged: Not all participants were always equally
involved and engaged in discussions. This reflects meeting practices rather than any
shortcomings in the digital whiteboard itself.

4. Information overload: Because it is so easy to change or add information to the
digital whiteboard, participants can lose their orientation or lose control of meetings.

5. Interactions on the digital whiteboard were time consuming: Compared to the phys-
ical LPS approach with paper stickies, preparing and inserting information in the digital
environment and on the digital sticky notes required more time from participants.

6. Digital competencies and technical issues: (1) There were person-specific difficulties
that arose, for example, from the need to manage and handle multiple platforms at
the same time (Microsoft Teams and Mural), and (2) external difficulties, more general
difficulties that arose, for example, when accessing the digital whiteboard or starting
virtual meetings or due to the lack of interoperability between systems.

Some benefits and challenges in the list above are or seem opposing, for example,
including the easy to set up meetings (nr 1 in benefits) versus too many or overly long
meetings (nr 2 in challenges); or (nr 3 in benefits) increased involvement and collaboration
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versus (nr 3 in challenges) not all were equally involved and engaged. The exact nature of
these and other similar contradictions needs to be investigated further.

4.2. Estonian Case
4.2.1. Collaborative Planning and Control Process

The Estonian “action taking” step of the action research was divided into three phases:
(1) preparation and initial project and phase planning; (2) weekly planning and control
meetings; and (3) an evaluation meeting at the end of the design phase. For the initial
preparation and planning, the researchers and two design managers met to develop the
project program. In order to simplify the design project program, the project scope was
divided into three sub-scopes: (1) new apartment buildings, (2) old barracks (office build-
ing) + restaurant, and (3) old sauna (office building) and guard building. This division was
also chosen because some designers were involved only within the specific scope, and the
scopes had been given different priorities by the client. For the apartment buildings, the
office building at the address Tondi 57, and the office building at Sõjakooli 6, two separate
master plans were developed according to client priorities.

Initial pull planning session was prepared and organized face-to-face in the lead
designer’s office. The design managers, together with the researchers, prepared all the
necessary templates and materials for the first meeting. An invitation with meeting objec-
tives, agenda, and instructions was sent to all key designers and engineers by email. Each
designer and engineer was also asked to think out and plan their work for the preliminary
design phase. Design periods were divided into week-long design sprints. In the physical
phase planning meeting, all three scopes were planned on separate physical boards.

After the in-person meeting, the digital LPS whiteboard intervention (i.e., Miro) was
introduced to enable remote collaborative design process planning and control. Design
managers converted the physical plans into contents for the Miro board. One-and-a-half-
hour weekly planning and control virtual meetings in Microsoft Teams were then held
every Thursday: design work progress was monitored, and further work was planned on
the digital Miro whiteboard. During the Teams meetings, the project manager’s screen and
the digital whiteboard were shared with the others to facilitate discussions.

Weekly planning and control meetings focused on the management of the flow of
information and work, possible constraints, and strategies to remove or eliminate con-
straints. Client representatives were also involved in the weekly planning meetings and
were given their own tasks. Figure 4a is an illustration of the overall phase plan for the
old barracks building and its key elements, each design discipline having its own row and
color. During the weekly meetings, completed tasks were marked with a green star, and
tasks in progress with an orange triangle (Figure 4b). Miro’s contextual comments were
used to send requests for information, clarify issues, or send notifications and reminders
related to specific tasks, in effect, partly replacing emails.

4.2.2. Process Performance Measurement

LPS metrics were used to evaluate design process performance. Table 4 summarizes
the results for the three scopes according to the metrics in Table 3. The average is per
entire period of a specific scope: 24 weeks for the apartment buildings (Tondi 57) and
the old barracks building (Tondi 57) and 16 weeks for the old sauna and guard building
(Sõjakooli 6). The positive and negative values for the linear ascent represent the linear
trend. The initial and final values represent the trendline value at the beginning and the
end of the period, respectively. The difference is calculated by subtracting the final from
the initial.
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The PPC for all three scopes was less than 50%: on average, about 38% for the Tondi
57 apartment buildings, about 31% for the Tondi 57 office building, and about 17% for the
Sõjakooli 6 office building. There are several possible explanations for the low PPC. Firstly,
it could mostly be due to the fact that the same architects and engineers worked on the
three scopes, and capacity might have been exceeded. Secondly, the reason might lie in
the nature of the early stages of design (the preliminary design phase), when designers
were still focused on the clarification and conceptualization of the design task, thus also
influencing the design process. In this case, the PPC would likely increase in subsequent
phases, where the focus shifts to the delivery of designs. Thirdly, it might be because
weekly sprint meetings were held on Thursdays, though designers and engineers could
have still planned their weekly work from Monday to Friday.
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Table 4. Summary of process performance for the three scopes.

Metric Average Linear Ascent Initial Final Difference

Tondi 57 Apartment Buildings
Percent Plan Complete (PPC), % 38% −0.0019 40% 35% −5%

Tasks Anticipated (TA), % 72% 0.0007 75% 76% 1%
Tasks Made Ready (TMR), % 78% 0.0111 68% 88% 20%
Work in Progress (WIP), % 35% 0.0139 18% 52% 34%

Weekly Plan Changes (PCS), % 41% 0.0042 35% 46% 11%

Tondi 57 Office Building
Percent Plan Complete (PPC), % 31% −0.0049 37% 25% −12%

Tasks Anticipated (TA), % 73% −0.0027 75% 70% −5%
Tasks Made Ready (TMR), % 67% 0.003 64% 70% 6%
Work in Progress (WIP), % 28% 0.0061 20% 35% 15%

Weekly Plan Changes (PCS), % 47% 0.0111 34% 60% 27%

Sõjakooli 6 Office Building
Percent Plan Complete (PPC), % 17% 0.0049 14% 20% 6%

Tasks Anticipated (TA), % 76% 0.0162 70% 82% 11%
Tasks Made Ready (TMR), % 77% 0.002 76% 78% 1%
Work in Progress (WIP), % 25% 0.0357 4% 47% 43%

Weekly Plan Changes (PCS), % 38% 0.0171 28% 48% 21%

A brief overview of the typical reasons for not starting or completing tasks on time
is provided next. In general, the reasons for not starting or completing tasks on time can
be divided into three categories: (1) client input and decisions (on average 12%, across all
three scopes), (2) input from other designers and participants (on average 32.3%, across all
three scopes), and (3) reasons related to other design processes (on average 55.7%, across
all three scopes). The following are examples of the third category of reasons for delayed
start and completion:

• Design priorities changed.
• Architectural and interior plans changed (especially at the beginning of the de-

sign phase).
• Initial design solutions changed (e.g., fire safety and structural engineering solutions

changed several times).
• Designers were focused on another project scope.
• New issues or questions were discovered during the design process.
• Coordination needs (sizes and locations) of shafts and routes for building services.
• Designers did not show up to meetings (because they were sick, etc.).

During the study, it was noticed that the dynamics for the three categories of reasons
changed during the preliminary design phase. Specifically, the lack of client input and
decisions and the input from other designers and participants decreased during the design
process, while the other design process-related reasons increased closer to the end of
the design phase. This is clearly due to the fact that at the beginning of the preliminary
design stage, the focus was on the identification of requirements and the study of design
alternatives, while closer to the end of the design phase, the focus was on the delivery of
design decisions.

The tasks anticipated (TA) and tasks made ready (TMR) were also measured for the
three scopes. Table 4 exposes that the team was able to identify the tasks relatively well
(more than 70% on average). In the case of TMR, the average was above 60%. The linear
trendline shows, albeit not significantly, that over time the removal of constraints improved.
The high average percentage might be explained by the effectiveness with which virtual
LPS meetings were prepared, organized, and carried out. From the beginning, attention
was paid to identifying task inflows and assigning responsibility to specific individuals for
removing constraints.
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In the case of WIP, Table 4 shows that it increased closer to the end of the design phase.
This could partly explain the low level of PPC and supports the third suggested reason for
the low PPC suggested above, that is, that the weekly meetings were held on Thursdays,
while the designers and engineers could have planned their weekly work from Monday
to Friday. Another explanation for the WIP might be the motivation of the designers to
show that they were working hard: intentional WIP to show that they were busy. This
behavior is not helpful from the management perspective, as it makes it harder to track
actual progress.

Weekly Plan Changes (WPC), a new metric, was introduced to understand how much
design process plans change over time. The overall average for weekly plan changes was
42% for all three scopes (Table 4). Changes were often due to the fact that there was no
time to complete the task within the initially planned week or that priorities had changed.
In the early stages of design, it is also often very difficult to foresee all upcoming tasks. In
other words, during the design process, new considerations and aspects were discovered,
new tasks had to be added, or some needed to be deleted or moved.

The preliminary design phase for the office building (Sõjakooli 6) was due to be com-
pleted by the end of January, and for the apartment buildings and office building (Tondi 57)
by the end of March. The team was, in fact, able to deliver the Sõjakooli office building
designs on time. After submission, however, the client, together with the construction
consultant (involved later in the process), decided to change the cooling solution. In the
case of the Tondi apartment buildings and the office building, the submission of designs
was delayed by three weeks. The delay was due to changes in the architectural and interior
plans for the apartment buildings at the beginning of the preliminary design phase. This
happened despite confirmation by the client and the architect that the architectural plans
were final. Plans were, in fact, changed, and design changes were iterated by the architect
and client over the course of six weeks. In spite of this, the team still managed to deliver
the design within a reasonable timeframe.

4.2.3. Evaluation of Digital LPS Whiteboard Intervention

The focus group interview was used to evaluate digital LPS whiteboard practices and
usability. At the beginning of the focus group interview, the thirteen participants were first
asked to respond to the questions and evaluate the statements on the digital whiteboard.
About ten participants actively responded. Participants included one structural engineer,
two interior designers, two heating, ventilation, and cooling engineers, one water and
sewage engineer, two high voltage electrical engineers, one acoustics specialist, three client
representatives, and one design manager. The open-ended questions were then addressed
orally to reflect on answers and share additional information. The meeting was recorded.

General Questions

The first question was as follows: “Have you attended the face to face collaborative
design planning sessions before?”. Three out of ten (30%) had attended the face-to-face
collaborative LPS planning and control meetings. These were the designers and design
managers from the lead design company with several years of experience implementing the
LPS. The second question was as follows: “How would they rate the virtual pull planning
sessions generally?”. All respondents stated that the new approach was rather positive.

The third question was as follows: “What was the most positive aspect of the ses-
sion?”. Most believed that the approach implemented improved the general overview and
understanding of the design process plan and progress across design disciplines. Two
respondents, the design manager, and water and sewage engineer, added that the virtual
Miro last planner approach improved team engagement and collaboration. The mechan-
ical engineer also added that having all the tasks on the digital whiteboard helped to
remember everything that had to be performed. The structural engineer and the two client
representatives stated that the meetings were well-organized and effective.
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Some answered that meetings took place too often or were too long. Others argued,
however, that the scope for planning was large, and the 1.5 h for all three sub-scopes was
optimal. Two client representatives added that although the meetings had been recorded,
no written memos of the meetings had been prepared. The problem is that if there is a
need to review decisions, it is difficult to find relevant information from the recordings.
The design manager added that some designers did not show up and had not shared their
progress and status information before the meetings.

The fifth question was as follows: “What are your thoughts about the virtual meetings
for collaborative planning compared to the face-to-face ones?”. Most responded that the
virtual planning sessions helped them save time, as they did not have to travel between
meetings, and increased the likelihood of participation. Respondents added that this is
important because, unlike construction production engineers, architects and engineering
designers work on several projects at the same time, often at different locations. Two
respondents also wrote that the meetings were flexible (designers came to the meetings at
different times to discuss the agenda points relevant to their work), and when the focus
of the meetings was not on their tasks, they were free to work on other things. One client
added that although it helped save time, something was missing from digital whiteboard-
based communication and interaction that was present in physical meetings.

Finally, the participants were asked the following question: “Was the learning of Miro
and Last Planner System a challenge? Why?”. Eight out of ten responded that it was
simple and intuitive. Two responded that it took a few weeks to get used to the new way of
working. Several stated that using the digital LPS whiteboard was easy because templates
had already been prepared by the design managers and researchers. The design managers
added that it was easy to update and change templates and plans.

Evaluation of the LPS and Miro Statements

The other three interview sections, (2) LPS, (3) Digital LPS, and (4) Miro Board Content
and Structure, listed statements that attendants were asked to evaluate on the 5-point Likert
scale (see Research Methods section). Ten people from different disciplines responded to
each discipline.

Figure 5 shows the distribution of the responses for the LPS statements. All agreed
or strongly agreed that process transparency and understanding (S1) and overview of
goals, current state, and upcoming tasks (S2) had improved. In the case of the reliability
of promises (S3), the understanding of the reasons for overdue tasks (S4), and the project
staying on schedule (S5), one or two respondents remained neutral, and the rest either
agreed or strongly agreed with the statements. Half or more were neutral to S7 (client’s
understanding of the design process), S8 (trust between team members), and S9 (quality of
deliverables), while the others agreed or strongly agreed. In the case of S6 (my ability to
plan my work improved), the structural engineer disagreed with the statement, while three
were neutral, and the others agreed or strongly agreed. The structural engineer added that
the digital LPS meetings helped to plan and coordinate work across disciplines but did not
necessarily improve individual planning.

Figure 6 shows the distribution of responses to the Digital LPS statements. Participants
agreed or strongly agreed with S1 (meeting structure and focus) and S2 (flexibility of the
whiteboard when updating plans) statements. In the case of S3 (engagement and discussion
quality), the structural engineer disagreed, and the others either agreed or strongly agreed.
Six out of ten either agreed or strongly agreed with S4 (discussions on interdependencies),
and the rest were neutral.
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Figure 7 shows the distribution of responses to Miro Board Content and Structure
statements related to the evaluation of Miro usability. All respondents agreed or strongly
agreed with statements S1 to S5. One or two responded neutrally to statements S6, S7, and
S8. Five out of ten responded neutrally to S9 (“It is easy to replicate the board interface for
other projects”), while the others agreed or strongly agreed. This can be explained by the
fact that the designers had no experience implementing the board in other projects.
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Discussion and Improvement Suggestions

After each section, respondents were asked to explain their answers orally and make
suggestions for improvement of the implementation. The client representative and a few
designers commented that the meetings were well-structured and focused. Whenever the
focus of discussion turned to design problems or designing solutions, the design managers
redirected the focus back to the design process. A separate design meeting for discussing
design questions was then added to the schedule on the digital whiteboard.

A few improvement suggestions were made. For example, adding a separate swimlane
for meetings was suggested. The reason was that whenever a meeting was scheduled,
it was added as a sticky task note to the swimlane of the design manager or discipline
responsible for organizing the meeting. It turned out to be challenging, however, to find
these meetings later. A separate swimlane for design meetings would make it possible to
keep better track of this information.

The acoustics specialist and client representatives brought up another issue. Namely,
there were no traditional meeting minutes prepared after meetings, as design managers had
decided at the beginning of the project to only record the meetings. The client representative
recommended uploading these recordings to the project information management platform
and making them accessible to all project members. The client manager also suggested
keeping meeting minutes but not the kind of design managers typically prepare. Instead,
they should be written in short memo form summarizing the main decisions and events
and other related matters.

A similar suggestion came up in connection with another issue related to the scattered
and distributed nature of the information that became especially salient during the coron-
avirus pandemic when many different systems and platforms came into use across different
design projects. This led, for example, to information being scattered between emails, Miro,
Microsoft Teams, project information and document management systems, etc. Again, it
was suggested that design managers prepare a weekly memo/report containing essential
information about decisions, events, issues, and progress.

A final suggestion was related to the design and design process and not to the digital
LPS meetings. The client representative suggested that designers more actively propose
times for presenting and discussing design alternatives, for example, when architects
or interior designers are selecting materials or products or mechanical engineers have
identified alternative ventilation and cooling solutions. These tasks could be scheduled and
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added to the digital LPS Miro board. The goal would be to avoid later questions, which
can lead to changes.

4.3. Cross-Case Comparison and Main Results

In both cases, a digital LPS whiteboard was implemented to enable and support remote
collaborative design projects and process planning and control. The focus, contexts, and
approaches of the two cases, however, were different. In the UK case, the company provides
infrastructure design services, and the focus of the digital LPS whiteboard intervention
was on the design system management. In the Estonian case, the company provides mainly
building design services, and the focus of the digital LPS whiteboard intervention was on
design operations management. Furthermore, the evaluation approaches and methods
were different in the two cases. That is, the cross-case comparison of results is limited and
partial but could still be useful for future research planning. The plan is now to coordinate
the implementation and evaluation of the digital whiteboard in both countries in new
projects in future research.

In the UK case, the focus was on supporting collaborative master and phase planning.
The digital whiteboard was used to plan and review master and phase plans, deliverables,
constraints, and assumptions. Risks and actions were also identified, assessed, and logged
at those meetings. LPS lookahead planning or weekly work planning at the level of design
operations was carried out using a spreadsheet and not the digital LPS whiteboard. Both
the PPC and the reasons for not starting or completing design tasks were also tracked in
the spreadsheet. The digital whiteboard master and phase plans were sometimes used at
weekly work planning meetings to support and guide discussions.

In the Estonian case, master and initial phase planning were carried out without the
aid of the digital LPS whiteboard. Once the baseline master and phase plans had been
established, the team continued their planning work on the digital whiteboard. The focus
was then on lookahead and weekly work planning and control of design processes at the
operational level. Weekly meetings were recorded, and process performance was measured.
Unlike in the UK implementation, neither the master plan nor other elements such as
the agenda, constraints, assumptions, risks, and actions were managed on the Estonian
digital whiteboard.

Despite the different nature of the cases, the digital LPS whiteboard usability state-
ments in Figure 3, for the UK case, and in Figure 7, for the Estonian case could be compared
as the results are quite well aligned. In both countries, respondents either strongly agreed
or agreed with whiteboard-related statements S1, S2, and S5 (Figures 3 and 7), while re-
spondents agreed less with statements S3, S4, S6, S7, S8, S9, and S10 (Figures 3 and 7).
The explanation might be that these statements evaluated activities that required users
to actively interact with the board and its elements, while users may not have had the
necessary competencies to interact with the board fluently, or they may not have had any
experience using a whiteboard for such purposes.

Next, the benefits and challenges across the UK and Estonian cases are summarized in
Table 5. Similar, probably not the same, process management benefits were observed in both
cases. For example, it is easy to set up, meetings are focused, engagement and collaboration
are increased, process transparency is greater, and it is easy to manage the attention of
participants. Other benefits are more case-specific, probably stemming from the fact that
two different approaches were taken to the implementation of the digital LPS whiteboard.
In the UK case, the similarity of a whiteboard-based LPS to a more conventional physical
with well-visualized data was noted. The importance of using a digital whiteboard as a
memory aid to help keep track of what has to be performed was explicitly mentioned in
the Estonian case.
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Table 5. Benefits in the UK and Estonian cases.

Benefits UK Case Estonian Case

Easy to organize meetings, no need to travel, and flexibility from the participant’s perspective + +

Meetings well focused + +

Increased team engagement and collaboration + +

Better process overview, transparency, and understanding + +

Easy to create, update and manage whiteboard templates and standards + +

Easy to learn and use the digital whiteboard + +

Easy to manage participants’ attention in meetings + +

The whiteboard based LPS similar to the traditional LPS +

Well-visualized design planning and control data +

Reminder of things to be performed (memory aid) +

Table 6 summarizes the challenges encountered in the two cases. Three are similar
for both implementations: difficulty developing personal relationships in the digital envi-
ronment; too many meetings or were too long; lack of IT competencies. Other challenges
in the UK case were related to its focus on master and phase planning and additional
elements on the whiteboard. Other challenges observed in the Estonian case were related
more to operational design process planning and control, for example, the fact that video
recordings of meetings poorly supported the tracking and checking of decisions and action
items. As in the case of benefits, some of these challenges (e.g., engagement of participants
and the shifting focus of meetings) were not directly related to the implementation of the
digital-whiteboard-based LPS but rather to how the meetings were prepared, organized,
and carried out.

Table 6. Challenges in the UK and Estonian cases.

Challenges UK Case Estonian Case

Difficult to develop personal relationships in the digital environment + +

Too many or long meetings + +

Lack of IT competencies + +

Not all meeting participants were always equally involved and engaged +

Information overload and getting lost on the digital whiteboard +

When compared to the physical LPS, more time is needed to insert information +

Technology issues (e.g., interoperability) +

The meeting focus shifted from planning to designing and problem-solving +

Difficult to track and check decisions, actions items, etc. from videos +

5. Specifying Learning: Interpretation and Lessons Learned

Clarifying and specifying the learning and contribution is the last step in the action
research method. This section is divided into two parts: (1) interpretation of the action and
evaluation results and (2) key lessons learned presented in the form of good practices when
implementing a digital whiteboard.

5.1. Interpretation of Results

The coronavirus outbreak forced construction design companies to consider how to
organize and manage remote design work. Digitalization played a key and somewhat
inevitable role in support of remote construction design work and collaboration. This
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was the starting point for this study in both the UK and Estonian cases, with a focus on
addressing design process needs [38,39].

5.1.1. General Benefits and Challenges of Digitalization

It is important to clarify the differences between design activities and construction
activities. Design mainly involves the processing of information (not necessarily bound
by location), while production activities mainly involve physical material (bound by lo-
cation) [48]. The delivery of construction design projects also requires an ever-growing
wealth of knowledge and specialization [19]. Architects and engineers, typically from
different companies, must often work on several projects located in different places at the
same time. In this setting, digital technologies supporting collaborative design work can
help save time and resources.

The ease with which meetings could be set up and organized without the need to
travel between meetings was highlighted in both cases. In the Estonian case, designers
also stated that virtual meetings were more flexible. This is important because traditional
design meetings tend to be lengthy, and not all participants are equally engaged in them.
For example, it is easy to divide virtual meetings into time slots and require participation
per request (pull participation). Overall, it seems that COVID19 restrictions have made
“unnecessary transport” (movement between meetings) and “waiting” (designers sitting
idle in meetings) [41,60], key lean wastes, more apparent to designers and design managers.
The reduction of unnecessary transportation (movement) and waiting contributes to the
U.N. Sustainable Development Goals (as articulated in the description of the special issue):
1—No Poverty; 8—Decent work and Economic Growth; 9—Industry, Innovation, and
Infrastructure; 12—Responsible Consumption and Production.

Typical challenges related to digitalization were also observed in both cases. Due to the
ease with which meetings could be set up and organized, designers felt that there were too
many meetings or that meetings were often too long. Meeting management in the remote
design context thus needs to be addressed in future research. Some designers also observed
that virtual meetings lacked the social aspects of in-person meetings. It may benefit project
teams to begin design work with a physical meeting first. Further, new digital technologies,
methods, and procedures can be demanding in terms of expected IT competencies, and an
excess of information may quickly overwhelm designers and design managers. Moreover,
with a higher dependence on information and communication technologies, IT problems
tend to become proportionally more perceptible.

5.1.2. Justifying Digital LPS Whiteboard

Different strategies for establishing and sustaining the flow of information and work
in design have been recognized and proposed: e.g., stigmergy (acting on the work accom-
plished by others) [61] and shared artifacts [5]. The former is common practice and tends
to result in partial designs coordinated retrospectively [43]. In the latter case, individual
and shared artifacts and objects (e.g., BIM), are used [62] to guide and shape mental and
external activities [63] and to support coordination, integration, and collaboration across
disciplines [5].

In the case of shared artifacts, the focus in construction design and construction
design management research seems to be on the creation and evaluation of a digital
means for facilitating efficient communication and enabling coordination of technical
systems [26,33–35]. Essentially, although examples from a process perspective are given,
the focus of theoretical discussions on and the practical development of shared artifacts is
on the product being designed [5,33,62,64].

Several new information systems (e.g., vPlanner and VisiLean) have recently been
developed that enable and support the implementation of the LPS and VM. These are,
however, rather specialized and complicated systems, mainly used to support construc-
tion production management. No such information systems have yet been developed or
adopted to enable or support construction design process management. There are solutions
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available, such as ADePT [65] and Plannerly (www.plannerly.com), dedicated to facilitating
or supporting construction design management, but they do not support the collaborative
and remote implementation of the LPS.

We argue that this is very likely due to the special nature of design activities. First,
in design activities, the end state, method, and often even the starting state are not well-
known, meaning that the problem, solution [66], audience [67], and process [38] co-evolve.
In addition to typical and generic (linear, parallel, location) task dependencies, design tasks
may also be mutually interdependent [68,69]: a change in one can bring about changes in
another, and the other way around. Design also encompasses significant elements of nov-
elty [70], complexity [71], iteration [72], interpretation [73], and causality [74]. Because of
these aspects, designers and design managers “often do not fully understand the processes
by which they generate their designs” [75]. As a consequence, it is difficult to manage and
execute design processes effectively, especially in the early stages of design.

The above characteristics highlight the important differences between design and
construction activities, helping to explain why information systems that support design
process management have not yet emerged. They also support the argument put forth by
several scholars that design teams are not just designing products but are at the same time
also developing and re-developing a shared understanding of the design process [11,38]. In
other words, design project delivery systems are both social and technical, where planning
is dynamic and hierarchical and involves uncertainty, negotiation, and collaboration when
establishing common objectives, considering and evaluating alternatives, and learning
from variation [12,38,43].

In this research, the digital LPS whiteboard, as a new digital opportunity, was pro-
posed, developed, and tested in the course of remote design process planning and control.
The digital whiteboard-based approach to implementing the LPS was expected to help
address design process needs stemming from the design activity characteristics discussed
above. It is a flexibility that users need to manage according to their needs, i.e., digital
whiteboards are what users make them be. We will soon probably see the emergence
of digital whiteboard templates for specific purposes (very much like Excel templates),
for example, for LPS virtual sessions. This initial exploratory research is the first step in
this direction.

5.1.3. Summative Reflections

The study revealed that digital whiteboard functionality and LPS routines and pro-
cedures enabling, directing, or supporting behavior are quite entangled (Figure 8) and
sometimes difficult to analyze. Digital whiteboard functionalities support LPS routines
and procedures as well as different communication and collaboration objectives. Digital
whiteboards also support new useful routines, procedures, and activities, i.e.:

1. Concurrent design processes, planning/re-planning, and problem-solving for estab-
lishing and continuously re-constructing a shared understanding,

2. Access to information at any time, place, and device, making it easy to pull information
(very much in line with the VM strategy),

3. The use of a common platform for different purposes at the same time (e.g., team and
discipline-specific work planning and control),

4. Early identification of deviations and abnormalities,
5. New modes of team communication, collaboration, and visualization with the creation

and re-creation of common ground.

High flexibility, though desirable, also poses the main challenge when implementing
a digital whiteboard: it becomes difficult to manage behavior, it is easy to overload the
whiteboard with information, and there are ownership problems and responsibility issues.
Digital whiteboard guidelines and templates for specific purposes, therefore, need to be
developed. Further investigation of the entanglement of digital media, the LPS, and human
behavior is also needed.

www.plannerly.com
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5.2. Lessons Learned

There are two general recommendations for individuals interested in planning, devel-
oping, and testing a digital whiteboard for remote implementation of the LPS. Traditional
design theories, approaches, and methods for developing artifacts consider function (what
the artifact should do) to be the central concept [76]. Here, as the objective is to enable and
support remote design planning and control through digitalizing interactions (user to arti-
fact, user to user mediated by the artifact) among design team members, it is recommended
to apply the concept of affordance [77]. Affordance theory supports the conceptualization
of relationships as links/interactions among users and artifacts, enabling new behaviors
or supporting existing ones. This is not possible when users and artifacts are addressed
in isolation. In order to operationalize the concept, it is recommended to apply the user
story method (used in agile software engineering) to plan artifact scope and interactions.
A detailed explanation and description of this method are beyond the scope of this paper
(see [78]).

The second main recommendation is to implement the plan-do-check-act method
(PDCA) in the project context [11] and continuous improvement cells [79] in an orga-
nizational context when planning, developing, and testing the implementation of the
digital whiteboard for remote LPS and visual management strategy. These two different
approaches are recommended because organization and project needs are different. The
PDCA, a well-established practice in lean management, can help project-specific teams
learn from variations in the project context, while continuous improvement cells are more
useful when supporting continuous improvement beyond projects.

Next, a short list of lessons learned based on experiences from the UK and Estonian
cases are presented:

• Plan and establish the scope of digital whiteboard implementation with the involve-
ment of key people (start small and include more over time).

• Use, experiment with, and agree on a board and sticky note template.
• Train and support team members in the adoption of new ways of working in the

digital environment.
• Develop and adopt meeting management practices, regimes, and rules (e.g., limit the

attention of participants to a specific area on the digital whiteboard, etc.).
• Track access to the boards and log weekly versions of board content.
• Follow an agenda that gives each discipline a chance to speak and interact with the

board and other team members.
• Direct discussions, so they focus on design process planning and control rather than

on design issues.
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• Keep records of past meetings, plans, and boards to aid learning.
• Link and execute the continuous improvement activities necessary for the LPS on

the boards.

6. Conclusions

In this exploratory research, an initial trial of a digital LPS whiteboard to enable and
support remote collaborative design process planning and control was conducted. Action
research was used to plan, carry out, evaluate and discover the main benefits and challenges
of the implementation of a digital LPS whiteboard for design process planning and control
in the context of remote and distributed design teams. The overall benefit is that the digital
LPS whiteboard and visual management strategy rather effectively supported the process
perspective of delivering design projects (e.g., transparency, understanding, engagement,
flexibility, and continuous improvement). Challenges, on the other hand, were mostly
related to excess information and meetings, the social limitations of virtual meetings, and
the lack of IT competencies. However, many issues and questions regarding a digital
LPS whiteboard remain. Future research is required to further articulate key concepts,
constructs, and relationships among them when planning, developing, and testing digital
whiteboards in the implementation of the LPS and VM.
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