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ABSTRACT

This paper presents preliminary results of an amgd&hD work, focusing on the further

development of Visual Management (VM) applicationGonstruction using prescriptive

research through Design Science. The aim of themspto present a case study that
describes how a Visual Management Method (VMM) weaseloped and implemented to

improve transparency on a construction site ancbtwider how this method can make a
contribution to Visual Management theory. The VMNtarporates visual tools that are

applied together to plan, measure and visualis& wora daily basis. The paper concludes
with a discussion on how the VMM relates to therhture on Visual Management and
determines the next steps to be taken to refine nile¢thod and provide theoretical

contributions.
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INTRODUCTION

The main sources for discussions of Visual ManagerdM) in construction are the lean
construction related papers. Some of the previoagkwn the area has focused on the
application of visual management tools and the dwestnation of its applicability in a
construction context, as discussed by Tezel (20Wihile these isolated applications
provide valuable contributions, it can be argueat thmore comprehensive approach could
lead to a deeper understanding of Visual Managemetnstruction and broader results.
The importance of implementing broader solutionsogposed to isolated tools was
considered by Picchi et al. who stated that “wlemistare implemented in isolation, poor
implementations of lean concepts are observed lfPiecal. 2004)”. The same authors
proposed a framework for such broader solutiongdas the five lean principles: value,
value stream, flow, pull and perfection. Scenamgese presented as to how a broader
application of lean thinking can be applied to fites and it was determined that no such
implementations exist, which presented a challefggefuture research and practical
implementations (Picchi et al. 2004). The authaisnawledge that while the application
of isolated tools are important steps towards iasemination in job sites, the use of lean
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tools based on a broader lean system analysiscsssary for more significant results
(Womack and Jones 1996; Liker 1997; Rother and ISI2890). This paper presents a
Visual Management Method (VMM) that was developeitidlly in practice to address a
practical problem faced on a construction site.sThractical problem was lack of
transparency in daily operations onsite, which ted difficulties in communication,
decision-making and general progress in daily wohe VMM also addresses a theoretical
problem which is the lack of broader, holistic $mlos when implementing Visual
Management (Picchi et al. 2004; Tezel 2011). DeSigence is being applied as a research
strategy to solve these problems, as discussedllaws.

LITERATURE REVIEW

Visual management is a system for organisationgravement that aligns organisational
vision, core values, goals and culture with othanagement systems, by means of stimuli
(information), which directly address one of theefimain senses: sight, hearing, feeling,
smell and taste (Liff and Posey 2004; Tezel 20MM uses visual aids to improve
processes and communication and promote continoguevement (Ho and Cicmil 1996).
It makes abnormalities visible so that correctietiom can be taken (Imai 1997) and it
enhances communication by making information easiigessible in a production setting
(Liker et al. 1995).

Galsworth (2005) proposed an application framewfok VM in manufacturing
consisting of four main levels: visual order, visstandards, visual measures and visual
guarantees. Visual order is the foundation levetl aefers to the 5S concept of
systematically cleaning, organising and standardighe workplace. Visual standards
focus on providing workers with visual informatitmsupport their tasks. Visual metrics is
the preceding level which focuses on creating prarency of metrics for the workplace as
a whole so that abnormalities are highlighted amdective action can be taken. Finally,
the visual guarantee refers to reducing human éor@ minimum by introducing visual
controls (for example floor markings) and poke y@keéstake proofing device).

Tezel (2011) developed an in depth study of VMoanstruction, and concluded that it
tends to focus on the use of isolated visual tbotsowed from manufacturing, leading to a
relatively narrow approach. These tools are sonetiexplained secondarily as part of a
lean construction implementation effort with poonoection to a strategy, i.eth& wider
discussion needs to show different Visual Manageeactices and their connections on
a construction site and /or company in a holistianmef (Tezel 2011: 96). In his work,
Tezel identified and classified 19 different typefs Visual Management tools used in
construction, which provides a basis for future MMplementations. The research
presented as follows builds upon such previous vaoik aims to provide a holistic method
for the implementation of VM.

RESEARCH METHOD

Design Science is a research method for producingviative constructions, intended to
solve problems faced in the real world and, by thatns, to make a contribution to the
theory of the discipline in which it is applied ¢tka 2003). Design Science products can
be of four types (March and Smith 1995): constructsodels, methods and

implementations. Rather than posing theories, desientists strive to create models,
methods and implementations that are innovativevahaable to both theory development
and improvement to practice. Peffers et al. (200iposes steps for Design Science
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research consisting of: 1) Problem identification anotivation, 2) Define objectives for a
solution, 3) Design and development, 4) Demonstmati5) Evaluation and 6)
Communication.

Design Science was chosen for this research bedaums®lves the development of a
solution with practical and theoretical relevanbesign Science is also a suitable strategy
for this work since the Visual Management Method waveloped initially in response to a
practical problem, but had not been formally thdugnough. The Design Science steps 1-
6 do not necessarily have to take place in thagrorahich is the case in this work. Design
science “could result from the existence of anfactethat had not yet been formally
thought through” (Peffers 2007). In the course hed tesearch, the aims, objectives and
structure of this VM method will be refined, to neal contribution to the theory of VM
and to its application in practice.

Table 1 illustrates how Design Science is beindiagpo this research. It shows the
steps as proposed by Peffers (2007), with the spording research activities and
anticipated outcomes. It can be noted from theet#idt the research is being carried out in
stages that are referred to as “cycles”. The figgtle is very much practically focused,
since the initial development of the VM method wasdirect response to a practical
problem. Using the practical problem as a starfwoint, the researcher carried out an
analysis onsite to fully understand the issue andather data and ideas that would help
when defining the objectives for a solution. Thgeabve of this analysis was to:

» Gather first impressions of the daily operationghef site and to gain a snapshot
of the delivery date performance during that patéic timeframe (i.e. was the
work that was planned to be carried out on a pdercday actually completed
on that day?). Identification of any obvious sogroéwaste on the project.

» ldentify / verify main problems onsite and improwemh opportunities.

Table 1: How Design Science is being applied ts tesearch
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After the analysis, a brainstorming phase, whicls warried out by the researcher and a
colleague, took place to develop ideas of what oeetbould be used to improve the
problem areas highlighted both before and durirgahalysis. These ideas contributed to
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the initial development of the VMM, as describedblae(practical cycle shown in Table 1
above). The final part of the case study focusetherimplementation of the VMM on one
building site. The learning’s gathered from thispilementation flow into the second
“cycle” of the Design Science strategy called “fractical and theoretical cycle” (right
side of Table 1). In this cycle, the original preal problem is reviewed and refined based
on the literature. An evaluation of the first implentation in the “practical cycle” is
carried out parallel to understanding of how the MMelates to the literature, to rethink
the objectives of the solution based on the litemtand finally, to propose an improved
solution that also contributes to the theoreticalarpinnings of Visual Management.

CASE STUDY: DEVELOPMENT OF INITIAL METHOD

The VM method was developed and implemented toesalpractical problem, as part of a
case study on a building site in Germany. The pralcproblem experienced was a general
lack of transparency in daily operations on thestwetion site which led to problems such
as a lack of communication, too much informatiolewsdecision-making, lack of clear
responsibilities, unsatisfactory interfaces betwpkmning and contracting companies, no
process orientation and different perceptions afligu

BACKGROUND

The project involved the construction of a blockrefidential apartments in Germany.
Since 2007, the researcher has been employed bymgany specialising in project
management in construction, as a Process Consuitasan.

The goal of the case study was to develop a metthatiprove transparency onsite in
general, by introducing a visualised daily plannisgstem that brought clarity, aided
communication and decision-making and simplifiebimation. It was also intended that
by visualising work, progress could be measured pogkible waste could be avoided:
overproduction, waiting, transport, over processirgxcess inventory, unnecessary
movement, defects, unused employee creativity (L&@04) and making-do (Koskela
2004). The case study includes the design of thdhade and its preliminary
implementation (practical cycle in Table 1).

VISUAL MANAGEMENT METHOD (VM M)

The VMM provides a framework for applying a numbéwrisual tools simultaneously to a
construction project with the objective of impragitransparency, which in turn will aid

communication, decision-making and day to day plaof activities. Its focus lies in the

simplification, visualisation and measurement ofrkvon a daily basis to ensure target
milestones are met, quality is improved and cowstvn workers are actively involved.

The VMM seeks to provide a broader solution for lempenting Visual Management as
mentioned in the literature review and this willju&e further consideration in the future.

VISUALISATION OF DAILY WORK

The focus point of the VMM is the construction ebgFigure 1), which is situated in a
central area of the building site. The functiontloé construction board is to display the
daily work packages and to act as a physical clepdiat of meeting and discussion for all
involved in the construction project.
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Initially, construction cards or work packages wedefined, planned and prepared by
the researcher together with the foreman and otiois in advance. This involved a
thorough analysis of the main construction processethe master plan so that work could
be broken down to a monthly, weekly and then finalily level. In a similar way, the
Last Planner system breaks work down into assigtenanweekly activities. However in
the VMM, the work packages take on a physical fofna construction card which has its
own individual identity and is used to indicatets$aof completion. Each construction card
represented 1 unit of work for one company for @en day. It showed the worker
capacity needed for this unit of work, the mateme¢ded, where the work would be carried
out, when, and by whom.

Individual cards would be collected by the respblesivorker each morning and taken
with them to the area of work where it would bepthiyed to indicate work-in-progress
(Figure 2). This encouraged the active involvenwrthe worker and provided him with a
physical platform to communicate problems and psepsolutions.

By visualising these work packages, a daily opendti planning was not only enabled,
but also it was clear to “see” what work was carraut where and which areas were
currently vacant. It highlighted further possibég of eventually reducing overall lead time
by planning additional work in vacant areas. It \abs® clear to see at just one glance at the
board, which work was completed, which was in pesgrand which was delayed. During
this case study, it was found that the board siiegliand improved communication onsite.

Y En

- ]
== K3 A
[ eny

Quality check

Figure 1: Visualisation of daily work Figure Zpartment clock

USING VISUALISATION TO IMPROVE QUALITY

Different visual aids were combined to support gardus improvement of quality within
the VMM. For example colour coded cards (visualisedthe construction board), the
action plan displaying identified improvement ansoand the visual Key Performance
Indicators (KPI's) were used together to improvaldy.

This worked as follows: the construction cards waken from the board and displayed
on a visual sign (known as the apartment clochis tase), which was located at the area
of work (see Figure 2). On completion, the workeuwd turn the card around to the green
side which indicated that work was complete. Thaswa signal to the foreman to check the
work to ensure it met the expected quality standéittie work was ok, the foreman would
place the construction card back on the constmichioard, green side up to indicate
satisfactory completed work. If the work was notacteptable quality, the foreman would
turn the card back around to the “in-progress” sidd make a note of what needed to be
improved on the “apartment clock” at the area ofkwdf the problem was a more serious
issue that couldn’t be solved quickly the correetaction was noted and displayed on the

Applications in Practice / Visual Management



Brady, Tzotzopoulos, and Rooke

action plan, which was situated near the constyadboard in a central area visible to all.
This ensured a timely reaction to quality problesus that they were rectified while

contractors were still onsite (saving time) andvprging the same problems from
“spreading” to other areas. Finally the quality tohprocess would be completed by the
foreman by updating the KPI's, described below.

VISUALISING PERFORMANCE MEASUREMENT

The definition, measurement and visualisation of K®Ras a further element of the VMM.
Two KPI's were defined and measured: Delivery Dagrformance and Quality. These
were chosen since the most important aspects &mtrestor of the construction project
were that it was completed on time and that it apetmal quality standards. Delivery Date
Performance was calculated in a very simple wag:wiork on completed cards (green)
was checked on a daily basis by the foreman. lbrapany had planned to complete 6
cards and only completed 3, their Delivery Datefdtarance was 50%. This is a similar
measure to PPC as used in the Last Planner Systignit wvas measured on a daily basis.
From the number of completed green cards, a mesi calculated to reflect the Quality
KPI. The goal for Quality was always 0 (Zero de$¢o if 6 completed cards had just 1
quality mistake the metric would be 1/6 = 0.16. TH@wrman determined if there was a
mistake and what corrective action needed to bentakhe more defects, the further away
from 0 and the worse the Quality KPI would be. 1€otive actions were noted and
displayed on the action plan and completed as asguossible (see Figure 3). Progress of
KPIs was monitored and displayed on the site infdiom board. Positive results
generated a positive atmosphere on the job whi@thee results encouraged participating
companies to do better. It was found that the Visai@on of the KPI's helped to generate
this competitive element between the participagngcontractor companies which had a
positive effect on the project. During the 6 weelsimplementation of VMM, it was
observed that the quality delivered by some cotitrgacompanies had improved in some
cases by at least 50% and the Delivery Date Pedioceawas improved in some cases from
0 to 100%. This could be established by comparirg development of the two KPI's
(Delivery Date Performance and Quality) from weekveek.

@
KPI | L AT/
- Positive development
of KPI's
‘f. Negative development
® A of KPI's
KPI A% 'ﬂ,‘"‘aﬂ/,;\__

Figure 3: Visualisation and measurement of KPI's

In addition, the VMM also used visual tools to irope on site material planning and to
provide an opportunity to improve individual sulbpesses using Kaizen, but this will not
be expanded upon at this point due to the lengthdtions of this paper.
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How VMM RELATESTO PREVIOUSWORK

There are two main areas in the literature to whiehVVMM can relate and contribute to.
The first is a contribution to Tezel (2011) workyiah lacks an implementation method for
VM and an action research element in its practicgdlementation. VMM is a practical
demonstration of most of the visual tool areassiliesl by Tezel. Tezel further identified
the lack of ability to quantify the benefits of M@ Management in the literature, as an
area in Visual Management research to be furtheeldped. The VMM attempts to bring
clarity to the practical benefits of using VisuahMagement in construction, by measuring
progress of the work visualised on the construdtioard (ie: work completed on time and
quality). Furthermore, Tezel also identifies a needinclude a reflection of workers’
understanding and perception of Visual Managemanfuture research efforts (Tezel
2011:276). The VMM is used by both management (ectdrs and foreman) and the
workers on site and can only be successfully impletled with the active participation of
all parties.

The VMM aims to provide a framework for a holistapproach to future Visual
Management implementations, which has been ladkirtge Visual Management research
to date. Table 2 below shows the elements from [§€k&xonomy that are evident in the
VMM either directly (as a direct result from onetb& elements of the VMM) or indirectly
(as a bi-product of the VMM ie. through improvemautions). Only 4 from a total of 19
elements were not evident.

Table 2: Presence of Tezels classified elemerttseilyM method

Was the
Tezels Visual Management p?nlaesl:a:?t“;t Was the element present after the VMM implementation: Yes (*directly /indirectly) /
Taxonom . No
v project start
yes/no?

1 [Site Layout and Fencing No Yes. Directly: VMM area and indirectly: floor marking, logistics
2 Standardisation of the workplace No Yes. Directly: construction card, apartment clock

elements
3 |In the warehouse No No.
4[58 No Yes. Indirectly: as a result of the action plan
6 |In the Elevators No No.
T [Pull production through the Kanban No Yes. Directly: pull systern using construction cards and board

Production levelling througl
g |Production e\.re ing through No No.

Heijunka board
9 R‘Iﬂ::o“ quality {jidoka) through No Yes. Directly: quality control using colour-coded cards, apartment clock, KPI's
10_|Prototyping No Yes. Indirectly: visualising how the end result should look for quality purposes
11 |Sampling No No.
12 |Visual signs No Yes: Indirectly: happy / sad faces on KPI's, FIFO signs
13 |Visual work facilitators No Yes. Dlle-?.tly: all elernents of the .\/MM are demgn.ed to facilitate work and indirectly:

no entry signs developed through improvement actions as a result of the MM system.

14 |Improvisati I visual q t No Yes. Indirectly: floor markings for material
15 P.erlormance management through No Yes. Directly: visualisation of KPI's

visual management
16 Pm”hlm.“g system wide No Yes. Directly: logistics board, construction board, information board

information
17 |H resources management No Yes. Directly: construction board, construction cards
18 |Poke-Yoke No Yes. Indirectly: blocking off areas to prevent entry
19 |Onsite prefabrication No No.

The elements not evident are: 1) in the warehausectual warehouse as such for material
existed on the case study project. Material waredtin a disorderly fashion in a vacant
room and throughout the building. Using the VM neethhowever, this situation was
improved as areas were designated for materiahgtor2) In the elevator: the elevators
were not functioning at the time of the case stuttych meant that no visual tools were
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used there 3) Sampling: coupling materials withrtlecation of use and equipment with
their corresponding work gangs was not evident ttug¢he high level of independent
contractors involved in the project who had theinoequipment 4) Prefabrication. For
further development of the VM method, these missifgments will also be considered
further to see if it would be feasible to integrdtese to further improve the current method.

The second body of literature to which this VM tefato is that of Galsworth (2005).
As mentioned in the literature review, Galswortbpgwses a framework for applying visual
management in manufacturing. The framework consistsur incremental levels. Table 3
below shows the different levels of Galsworths disManagement framework and how
the current VMM relates to this. Three out of fadrthe levels defined by Galsworth are
demonstrated by the VMM in this work but more cdesation needs to be given to these
in the future.

Table 3: Relevance of the VMM to Galsworths framekwo

Galsworths implementation framework for

. VVM for construction
manufacturing

1. In the %R "Visual Order” is introduced by clearing
defining and visualising daily work packages in order
Visual erder: 55 systematic warkplace cleaning, |to enable & mare stabilised wark enviranment
organising and standardising throughout the entire site. Howewer, the traditional 55
iz not yet integrated inta the method and is an area to
be considered for further improvernent.

2. WYith the %M, the construciton board, the
caonstruction cards and the actionplan are all visual
standards that support the construction warkers in

Visual standards: Providing workers with highly
2|visual standards and displays to support therm in

their tasks. their daily tasks.

Wisual measures: focuses on creating 3. The %M method also invalves the visualisation of
3 transparency of metrics for the workplace as a KPI's on a daily basis. Where problems occur,

whale so that abnormalities are highlighted and caorrective actions are defined and displayed on the

corrective action can be taken. action plan.

4. By defining the daily work packages in advance,
this prevents work being started in other areas that
are not ready which contrals the wark flowe. However,
this is also an area to be considered for future
improvernent in the the k.

< |Wisual guarantees: level refers to reducing hurman
errar to a minimum by introducing wvisual controls

CONCLUSION

The VMM method represents a broader applicationisfial Management in construction
as opposed to applying single tools in isolatiohe Thext steps of this research in the
context of Design Science will be to further deyetbe existing VMM based on a deeper
analysis of the literature and the learning’s gegtidrom this case study. The objectives of
the VMM solution will be further refined to ensutieat not only a practical problem is
solved but also that the VMM will make a theoreticantribution to the development of
broader solutions for application in Visual Managen As highlighted in table 1 above,
the next steps of this research include: 1) a delfgeature review of the need for a
broader solutions in Visual Management implemeatat?) a further analysis of the
relationship between this VMM and existing liten&u3) formal evaluation of VMM
method 4) proposal of an improved VMM based onledirning’s from literature and
formal evaluation.
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