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method designs with Design Science Research which complements theory and practice. For
theoretical side, the relevant tools are described using the graphical block diagram from control

theory. For practical side, the implementation of the initial trial in this paper is also aimed at Lean management
systematic design through the perspective of the proposed framework by collaborating with a Visual management
chemical plant in proceeding with safety and effective operations. As the results, the control theory, Theoretical framework
which is one of the robust theories that strengthens the academic approach on visual management, Control theory

Design science research

is also used to develop the proposed framework. In the originality, this paper focuses on the internal
mechanisms of the visual management system and implicates a representation of general system
specifications and the possibility of diverse system development in an effort to better understand
and improve such a system.

With regard to visual management that represents a means for solving various problems in a production system within
the scheme of lean management (Ohno, 1988, Womack et al., 2003, Liker, 2004), practitioner’s activities have exceeded
academic research activities. Beynon-Davies et al. (2017) speculated three reasons for this phenomenon. First, over the
past two decades, publications that promulgate visual management are heavily associated with management consultancy
in the practice of lean management. Second, the principles established for visual management are mostly based on
anecdotal cases of good practice, rather than on some foundations established in academic theorizing, which open up
avenues of empirical investigation. Third, visual management systems has not been examined in any real detail by cognate
fields, such as operations management and information systems.

It is contended that in the background of the aforementioned reasons, the following characteristics of visual
management play a role. A visual artifact in a workplace is extremely easy to understand. It operates based on the sense
of sight, which is the most useful of the five senses to use for information gathering. The main function of the artifact is
the identification of a message at a glance beyond the perceptive limitation of consciousness and attention (Rees et al.
1999, Simons et al., 1998, Simons et al., 1999). A good practice plainly and directly conveys a message to lead to fast
decision-making and quick reaction, which is increasingly important when companies encounter various risks in
globalizing their activities (Zsidisin et al., 2005). A visual workplace also has an extraordinary variety of elemental
technologies to manage various purposes, such as production management, quality control, information sharing, and team
communication (Greif, 1991, Cahyadi, et al., 2020). Furthermore, the “visual factory” (Greif, 1991) is an innovative
concept that extends the application of visual management tools from the production function to other corporate functions,
including administration, engineering, and sales. Parry et al. (2006) reported that these are powerful tools that can be used
beyond manufacturing. Recently, lean construction has been confirmed as an extended application of lean management
in the production sector (Sacks, et al. 2010). Further, visual management systems are considered as one of the basic
support methods for lean construction (Tezel, et al. 2016). Tezel, et al. (2016) classifies the relevant systems in the
construction sector in Brazil. Valente, et al. (2017) also develops the guidelines for devising and assessing visual
management systems based on a survey with interviews of several construction sites. Another reason for the extended
application of the visual systems is that it contributes to the maintenance and improvement of the relevant key
performance indicators (KPIs), such as reliability, productivity, and safety (Dumitrascu, et al. 2020).

The utility of visual management is evident from the above-mentioned discussion. Therefore, systematizing the study
on visual management for addressing theoretical rules and principles appears to be extremely important. In order to better
explore the visual management system involving a tool, this paper proposes the application of a graphical block diagram
from control theory (Igbal, et al. 2010), which has been widely known in mechanical engineering, inventory management,
and supply chain management (Spiegler, et al. 2017, Dolgui, et al. 2018, Wu, et al. 2020).

This paper aims at presenting an anatomy of the visual system, explaining the following: 1) the relationship between
a visual management system and the production system managed by means of it; 2) the internal mechanism of a visual
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management system and its capabilities; and 3) the metrics that measure the right performance of the system to realize
visual management.

In order to realize these purposes, this paper proposes a framework to explore the internal mechanisms of a visual
management system using control theory. The proposed framework provides the components around the visual
management tool and the transactions on the relationships among and including the tool. Using the framework which
includes the novelty of this paper has the potential benefit to understand a visual management system in the
production/manufacturing companies. Because the framework should give production managers the perspectives of the
effective management of a tool’s lifecycle, such as an analysis of a worksite to install a tool, insight into an installed tool’s
role and function, and the design of a new tool.

This paper is organized into seven sections. The relevant prior literature on visual management tools and the control
theory utilized for the proposed framework is reviewed in the second section. Third section illustrates the research
procedure in this paper. In the fourth, the framework of a visual management system is proposed. The development of a
visual management system in a chemical plant is described in the fifth section. In the sixth section, the utility of the
proposed framework is discussed on the basis of the development process and results in the fifth section. The seventh
section concludes the paper.

This section reviews the visual management tool, which is the main component of the proposed framework described
in the following section, and control theory that is applied in the development of that framework.

At the time when researchers recognized a visual management tool in the studies on the Toyota Production System
(Spear, et al. 1999, Sisson, et al. 2015), there were many publications on management of manufacturing operations. The
observant explorations of excellent visual management tools resulted in new concepts, such as visual factory (Greif, 1991)
and visual communication (Mestre et al., 2000), which include many classified tools, such as visual indicator, visual
signal, visual workplace, visual devices, visual guarantees, and visual standards (Galsworth, 1997). These advances in
the manufacturing industry have positively been applied to the practical operations in different fields, while the systematic
transfer of visual management tools has developed on the academic side (Murata et al., 2010a, Murata et al., 2010b,
Murata et al., 2016). In recent publications, the application fields include the construction industry (Tjell et al., 2015,
Tezel etal., 20173, Singh et al., 2020), healthcare management (Verbano et al., 2017), medical laboratory industry (Isack
etal., 2018), and small- and medium-sized enterprises (SMESs) (Fonseca, 2017, Laoha et al., 2016).

Focusing on a visual management tool, the incessant analysis of its practical cases leads to a deeper understanding of
the tool and realizes its improvements. Murata et al. (2013) proposed a mathematical model to evaluate the tools’
performance. Patd (2017) expanded the job description method, a fundamental tool for capturing operation
transformation, in order to gain operational knowledge using both three-dimensional (3D) and two-dimensional (2D)
techniques. Dashboards to visualize production planning and control were analysed by Brady et al. (2018). Performance
management, utilized for sharing the current and future production system conditions among worksite members, was
developed through the system science (Flumerfelt et al., 2017). Furthermore, owing to a new production paradigm
(Koren, 2010), not only hand-made tools, but also advanced tools, have been continuously developed by information
technology (IT), information communication technology (ICT), and the Internet of Things (10T) (Sugawara et al., 1994,
Fitrianie et al., 2007, Chen, 2020). Some industries already actively use new tools, such as building information modeling
(BIM); mobile computing; augmented reality (AR); surface scans, including laser scanning; photogrammetry; and radio-
frequency identification (RFID) (Steenkamp et al., 2017, Tezel et al., 2017b, Abou-lbrahim et al., 2020).

The approaches addressed in the above mentioned studies are based on strong practices within a worksite and/or are
supported by the new information communication technologies. However, beyond empirical investigations, researchers
should offer a deeper understanding of the system involving a visual management tool to industry members through
academic theorizing.

Regarding theoretical studies on a visual management tool combined by empirical studies, Tezel et al. (2016) and Bell
et al. (2013) reveal future research topics based on literature reviews. Tezel et al. (2016) arranged themes for theory-
focused research: function and roles of visual management, visual management as organizational affordance, visual
management and organizational socio-materiality, theoretical discussions on the concepts of visual management, visual
workplace and visual tools, visual management research, visual studies perspective, workforce perception of visual
management, and visual management tools as boundary objects across different social groups. Bell et al. (2013) picked
up on the types of useful academic theories to systematize visual management theory, such as media richness,
ethnographic study, organizational theory, knowledge management, and information science.

In fact, in the area of lean management where visual management is used, studies are already performed from the
viewpoint of organizational culture (Paro et al., 2017), organizational psychology (Hozak et al., 2015), performance
management (Eaidgah et al., 2016), and barriers for installing the scheme (Jadhav et al., 2014). Furthermore, regarding
the advanced studies on the application of academic theories, Beynon-Davies et al. (2017) explores a visual tool in the
health care industry using affordance theory.



Control theory is widely known across a broad range of both research and practical fields. According to Carver et al.
(1982), control theory provided the central ideas to reveal homeostatic physiological mechanisms in the 1920s. One of
the latest publications applicable to the theory is confirmed in the newest field of synthetic biology, which is an
interdisciplinary branch of biology and engineering, including genetic engineering, nanotechnology, and biomechanics
(Del et al., 2016). There has also been related literature in the area of operations management and supply chain
management that often use visual management tools (Edghill et al., 1989, Ortega et al., 2004, Ivanov et al., 2012,
Subramanian et al., 2013), including publications by Simon (1952), a winner of the Nobel Memorial Prize in Economic
Sciences.

A production system involves dynamic and instable mechanisms that organize physical management resources, such
as humans, machines, and materials. Each of these is not only a valuable means to satisfy customer requirements, but also
a source of disturbances that lead to deviations in operations, wasted energy consumption, and quality complaints. A
production system should contain an internal control structure to overcome the above problems.

Control theory aims to consider the relationship between a control system and the input/output relationship of the
system managed by it. There are two main loop functions that are included in the theory. The first is the feedback-loop
function, which is the negative feedback that an output returns to an input. When receiving feedback results, a system
regulates an input and operates to minimize the difference between the next output’s plan and result. The second is the
feedforward-loop function, which performs the pre-detection of an occurrence of a disturbance against a system, and the
pre-revision, before operating an input based on the pre-detection; it is a complementary operation that supports the
feedback-loop function.

One of the useful tools in applying the theory involves the block diagram, which aims at drawing concept level
representations for a system that includes a control function. The diagram involves simple graphical manipulations that
may provide additional insight into the behavior of the system. The diagram essentially consists of three elements: 1)
signals; 2) systems; and 3) summing junctions (Igbal et al., 2010). In the proposed framework of this paper, a visual
management system is the control function of a production system and is represented by the method of the block diagram
as discussed in the following sections.

This paper adopts Design Science Research (DSR) because this methodology has the ways in which theory-oriented
academic research and problem-solving research can complement one another (Holmstrém et al., 2009). DRM advances
to make novel theoretical insights and practical relevance complementary with enhancing the cross-fertilization between
academic research and research practice. Followed by this procedure, this study consists of three parts as shown in Figure
1. The first part is a theoretical description of the visual management system. The internal structure of the visual
management system is expressed using control theory. Then this part systematically derives the three components of the
visual management system and the two functions to make their relationships, in addition, and explains the capabilities to
establish the cooperation between the components with reference to related literature. The second part actually designs a
visual management system. This is a tool development aimed at preventing basic operations in chemical plants that are
actively installing visual management. Also, this part will evaluate the results based on the opinions of practitioners. The
third part is a discussion of the visual management tool development process that is done in the second part, using the
theoretical framework proposed in the first part. This part will examine the validity of the proposed theoretical framework
to understand whether practical hints for better tool development can be systematically derived.

Theoretical-oriented research Practical-oriented research
Part 1 (Section 4) Part 2 (Section 5)

Purpose: Purpose:
Theoretical description of VMS Practical design of VMS
Sources: Sources:
1. Control theory 1. VMS design topic (preventing basic
2. Related literatures operations in chemical plants)
output: 2. Opinions of practitioners
1. Three components of VMS Output:
2. Two functions to make relationships 1. Seven VMS ideas

between components 2. Evaluations by five practitioners
3. Five capabilities to establish the

cooperation between the components

Collaborative research with theory & practice
Part 3 (Section 6)

Purpose:
Discussion for improving VMS design

Sources:
1. Theoretical frame of VMS by Part 1
2. VMS design results by Part 2

Output:

1. The possibility of theoretical thinking of
VMS

2. Practical hints for better tool
development

VMS: Visual Management System

Research framework.



A visual management system is described through the block diagram shown in Figure 2. The optimum performance
6\ is the input data, the actual performance 6o is the output data, and the difference between them ¢ (=6i-6o) is the error.
Variations in management resources ds (humans, materials, machines, etc.) create disturbances to the production system
Ky as a controlled object. The visual management system K, determines a manipulated variable 4 to minimize the
difference €. The variable p is an input to the production system K.

E
gl% K, % K, 0,

Or

A production system (K1) with a visual management system (K3).

The analytical method used in this paper is demonstrated in Figure 3; it shows the internal visual management system
Kz in Figure 2. Within the framework, visual management systems are thought of as tools that support communication
between people and the production systems they manage. The framework has three components: 1) people as receivers
of error information « and executors of x; 2) the production system Ki managed by people; and 3) a tool to realize visual
management. This framework aims to represent two key items: 1) a reaction u requested by the production system from
the people; and 2) functions of the tool.

Kz

Transmission Creation
(a) () Production

People Tool System
(K1)

| !

Reaction

()

The basic mechanism of a visual management system.

In the proposed framework, the following five capabilities are suggested to be vital for a visual management system.
The illustration of these capabilities is followed by the above-referenced two key items as discussed in the next two sub-
sections.

1. Comprehensibility
2. Non-ordinariness
3. Continuity

4. Inducibility

5. Timeliness

For the first key item, the reaction p is action by people requested by the production system when it fails. The
comprehensibility (first capability) and the level of expertise and/or experience of people and organizations, of which the
relationship seems to be a trade-off (as presented in Figure 4; originating in this study), need to be considered thoroughly.
The relationship has been continued to be studied as the problem of expert-beginner difference (De et al., 1996) from
various perspectives; the analysis and clarification of this difference (Wang et al., 2015, Zhou, 2016), the measurement
and evaluation of tacit knowledge and skills (Verner et al., 2003, Tervo et al., 2009), and the technology development for
the coexistence of experts and beginners (Zia et al., 2018). Recently, the competition between companies offering
products in the world market has become fiercer, providing a background for this relationship. An immediate asset, such
as a skillful worker, is a powerful weapon that can contribute to the company survival in a difficult business environment.
On the other hand, as experience in human resources training invariantly shows, there are necessary processes for
someone to become a respectable member in a production setting. When a new member comes into the workplace,
appropriate support must be provided to operate a production system without trouble. In order to correspond to the
contradiction of such situations, production members should systematically develop the reaction while they ascertain the
new member’s problem-solving ability and the reasonable speed of the development of their production performance.



Answer to solve
problem

Comprehensibility of
a reaction

Warning to inform
occurrence of problem

—

Level of expertise/

Low . -
experience of people and organizations

High

Relationship between expertise and/or experience level and comprehensibility of a reaction.

For the second key item, two functions of a tool, namely creation of information ¢ and transmission of information a,
need to be designed. These are based on the two principal questions of the breakthrough innovations (Stefik et al., 2004):
1) “What is needed?” concerns operation, business, and social needs; and 2) “What is possible?” concerns research,
discovery, and invention. When discussing the two functions, the two questions are respectively rearranged to “What do
you see next?” and “How do you design a device to attract attention?”

In the first function, a visualized item is developed by a production system and is sent from the system to a tool. When
designing this function, the non-ordinariness (second capability) and continuity (third capability) of the created
information need to be considered.

Non-ordinariness needs to be designed to determine when a visualized item has to be created. When the production
system is in the ordinary condition, the tool is not required to work. The important role of this tool is to completely handle
the complicated statuses that arise within the production system from the four directions obtained from the two sources
discussed below. Taiichi Ohno, the founder of Toyota production system (TPS), including the two representative visual
management tools Andon and Kanban, characterized these devices as follows:

This clarifies what is normal and what is abnormal (Ohno, 1988).

The advocates of lean management James P. Womack and Daniel T. Jones, who conceptualized lean taking the TPS
as a starting point, expanded Ohno’s definition as follows:

The placement in plain view of all tools, parts, production activities, and indicators of production system
performance, so the status of the system can be understood at a glance by every involved. Used synonymously with
transparency (Womack et al., 2003).

Womack’s definition gives four clear understandings of a visualized item on the basis of Ohno’s one. The first is the
richness of objects where an abnormal status quietly hides; examples include tools, parts, production activities, and
indicators of production system performance. They are the objects that are the root resources regarding which wastes
must be detected to decrease the abnormal status of a production system.

The second is the multiplicity of performance indicators, one of the above-managed objects, which gives the
viewpoints to monitor a production system. The quality of a product, the lead time, including production, delivery and
service functions, and the costs related to these functions, are recognized as the indicators to continuously evaluate
performance of the production activities. The other qualitative indicators developed until now, and from now on, each
contain both normal and abnormal conditions. PDCA-cycle management of all indicators is necessary to strengthen the
continuous improvement of the production system performance.

The third is regarding the meaning of “abnormal.” An abnormal status usually represents a “bad” status. However, if
an abnormal status is considered as the “special” status, which is different from the daily status, the meaning of the status
is not always a “bad” status, but can also be a “good” status. When observing some worksites, many tools have actually
been found to praise and invigorate daily production activities. Both statuses need to be considered when discussing a
visualized item.

The fourth is the problem-solving process. Following Ohno’s definition, a visualized item is originally for the early
detection of an abnormal status in order to start thinking past the problem activity. In this instance, Womack’s perspective
is not only utilized for the initial step of problem-solving, but also for finding loss or waste in a production system, and
exploring and identifying the causes, predicting the impact induced by the aggravation of the problem, designing the
countermeasures, and confirming the utility of the designed and installed countermeasures. In the above-mentioned
Womack’s definition, transparency is needed in all steps involved in the problem-solving process. A visualized item
should be selected according to the stage within that process.

With regard to continuity (third capability), the tool must have a structure to monitor the typical conditions of the
production system in order to grasp special situations at any time as they arise. As the social background, industries
encounter various risks when globalizing their activities (Zsidisin, 2005). The risks can be divided into internal and
external risks. The former risks such as loss of perishable supplies, mistaken operation, contamination, strike, and
violation of rules has been managed conventionally. However, the impact of customer complaints and incidents of



environmental destruction are becoming larger than before with the expansion of social responsibility of companies
(Istanbulluoglu, 2017, Oliva et al., 2018). The latter risks such as a health epidemic, natural disaster and terrorism (also
in the form of cyberterrorism) have been born anew in the present age. Their destructive power includes the possibility
to bring a fire in a factory and to stop industrial infrastructure networks (Hohenstein et al., 2015, Carbonara et al., 2017).
Due to the recent situation of risk diversity, the importance of continuous risk monitoring is recognized more than ever
before.

For example, a progress chart, a handmade visual management tool, is used as a typical tool for daily communication
in order to present the project plan, ascertain whether it has progressed as scheduled or not, and re-schedule it if there is
a delay (Tezel et al., 2018). With regard to the capability of continuity, observations have mainly found that the design
procedure involves two selection steps. The first selection is how to create a progress chart as the base to comprehensively
manage a project on a worksite. One option is an object drawn directly on a whiteboard; another option is an object printed
from a scheduling software. The initial design of the former, and its continuous customization, is definitely laxer than the
latter, of which the format is fixed, but which is easy to print. Next, a whiteboard for a to-do list is added to a progress
chart in the second selection. The discussion of prompt action with direct-writing on the to-do list is considered efficient
management with a process chart. The addition of an application rule of the whiteboard, including colored notes and/or
colorful marker pens that are also useful to promote problem-solving, is necessary to continuously prevent its
degeneration.

In the second function, the visualized and created items are provided from the tool to a manager or an operator. When
designing this function, the inducibility (fourth capability) and timeliness (fifth capability) of the delivery of the visualized
item need to be considered.

Inducibility refers to the relationship between an operator and a tool. In the area of physiology of the operators,
inattentional blindness and change blindness are key technical terms related to a human’s perceptive function of
consciousness and attention. The former indicates that an observer may not even perceive objects without attention (Rees
etal. 1999, Simons et al., 1999). The latter refers to a situation where an observer lacks a precise visual representation of
their world, from one view to the next (Simons et al., 1998). These behaviors indicate the possibility of a production
control failure, even if a visual management system is installed. As for a tool, its long-term use may have the possibility
to gradually lose the original value of the tool. Wasteful and unessential tools have been observed in some worksites
owing to the shortcomings in their management. Such a loss of the tool is explained in the following example (Murata et
al., 2008). Occasionally, operators may not identify the true visualized item because the item visualized by a tool is not
directly connected to the changeable occurrence cause of the abnormal condition. Also, there have been cases where a
tool’s layout is not considered; however, a tool must be utilized naturally in relevant operations, if at all possible. In other
cases, maintenance shortages and/or shortages of the lifecycle management of installed tools have been observed. For
example, tools, such as several posters that share the same purpose, might be set up at the same place, and a neglected
posted notice might start to peel off. In order to overcome this, a tool needs to continue to have appeal for operators by
maintaining the capability of inducibility of the tool over its lifecycle.

With regard to timeliness, the delivery timing of the created visualized item has to be as soon as possible when an
immediate reaction is required to the prevailing condition of a production system. In the TPS, there is the following way
of thinking regarding this capability:

Too much information induces them to produce ahead and can also cause a mix-up in sequence. Items might not be
produced when needed, or too many might be made, some with defects. Eventually, it becomes impossible to make a
simple change in the production schedule (Ohno, 1988).

Even if a tool creates the smart visualized item and shows it with high inducibility, bad timing to inform through the
tool may induce an opportunity loss to recover a production performance. For example, in a factory, often communication
occurs among managers, staff, and operators, who work at different locations and/or in different times. In other examples,
multi-site production planning to survive in the era of diversification of customers’ needs is executed at the same time
and in the same and/or different locations. Many different specialists, such as a mechanical engineer, a quality manager,
and a line manager, join one production planning effort according to the progress. The communication based on the above
conditions is naturally difficult, but remains necessary for smooth operation, accurate job and safety management, local-
resident care, and speedy decision-making.

The next section introduces a case on the development of a visual management tool and discusses its capability utilized
by the proposed framework.

This section describes a case involving the development of visual management tools, focusing on one small problem.
The problem is referred to as the “twin-switch problem” shown in Figure 5. The two switches are used to operate different
pieces of equipment, but the format of the two switches is quite similar and they have been installed close to each other.
Therefore, there is a considerable probability of operating the wrong switch. The occurrence of a mistake in operation
may possibly cause mass disposal of products, and the plant may need to be stopped. Generally, in a chemical plant
equipped with a highly automated operation system, control operations are realized through a distributed control system



(DCS), which is configured from a set of autonomous controllers (Barenji, 2014). However, some operations are
performed by hand due to considerations related to the cost-effectiveness of investment in plant/equipment and the
necessity of a visual confirmation. Moreover, according to the industrial engineers who work at the company addressed
in this case study, there are many similar situations everywhere in a chemical plant, and there is one case with several
twin-switches lined up in the same place. The twin-switch problem has become a typical problem in such cases and it is
necessary to understand how to prevent related operational mistakes by workers. In reality, this operation is performed
by two operators; however, in this section, the instance where this operation is performed by only one operator is
addressed for the sake of simplicity.

The following three conditions exist in the development of the solution: 1) one switch cannot be separated from the
other switch; 2) a large investment for a big re-installation of the switches cannot be performed; and 3) a visual
management system is applied to resolve the problem.

Twin-switch problem.

Developing a visual management tool is a four-step process: 1) analyze the processes of the target operation; 2)
consider the visualized item for each analyzed process; 3) conceptualize the tool for each visualized item; and 4) design
a tool for each visualized item. The outputs of each step are 'process’, 'visualized item’, ‘concept’, and 'tool image of each
concept' as shown in Figure 6.

In order to consider the items visualized by the tool in step 1, a simple motion study is used to disassemble some
motions of the operation sequence for designing more suitable concepts. As a result of the study, four sub-operations are
identified: 1) stand in front of the switches; 2) select a switch; 3) press the selected switch; and 4) confirm the intended
equipment operating.

In step 2, visual items are developed in each sub-operation. This is not difficult given that there is only one managed
object in each sub-operation. The existence of the point to note is one visualized item for the first sub-operation: the
correct switch box is one visualized item for the second sub-operation; the correct button of the switch is one visualized
item for the third sub-operation; and, the correct operation is one visualized item for the fourth sub-operation.

Steps 3 and 4 are performed through free discussion and collaboration with plant experts by using KJ method,
developed by Jiro Kawakita (Scupin, 1997). This method has been widely recognized as a useful creative team
brainstorming technique to gather qualitative data. In step 3, concepts are developed for each of the four visualized items:
a) Reflection and b) Prediction are two concepts for the first sub-operation; ¢) Differentiation and d) Unification are two
concepts for the second sub-operation; e) Procedure and f) Double-check are two concepts for the third sub-operation;
and g) Post-confirmation is a concept for the fourth sub-operation. These seven concepts are illustrated as follows:

a) Reflection: In this concept, a worker can recognize the possibility of an erroneous operation by recalling past cases,
and displaying the defect and the situation that occurred in a previous accident near the switches.

b) Prediction: In this concept, a worker can recognize the operation that is in need of caution by displaying bulletins
against the background of a heterogeneous state, such as a beautiful landscape and magnificent view, as well as displaying
the phases and tables to awaken caution.

c) Differentiation: The point of the similarity between two switches is resolved by the visual differences between
them. The purpose of this concept is to make two switches quite different. If the similarity between them remains after
installing this concept, the possibility of an error is still present.

d) Unification: In this concept, the mechanism that operates the two switches can be realized by the development of
one simple operation. It will help a worker to select which switch to operate without the confusion from the similarity
between the two switches.

e) Procedure: In this concept, two switches are regarded as one system. The system provides the order of a series of
operations to a worker.

g) Double-check: In this concept, two switches are regarded as one system. The system provides the information to
confirm the correct order of steps a worker performs.

h) Post-confirmation: In this concept, a worker can check the equipment state by the display developed after a worker
operates.

In the final step, these concepts are embodied in the images of the tool, followed by the illustration as shown in Figure
6.
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Step 1: Process
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Design tool results for the twin-switch problem.

This section evaluates the results of the developments discussed in privious section. The practical evaluation standard
of the capability of the developed concept is established from two viewpoints, usefulness and ease of installation. The
first viewpoint has two sub-standards: 1) the expectation to prevent accidental operation through the developed concept
(Do you expect that an operational mistake is prevented through the use of the developed concept?); and 2) the durability
of the effect of the developed concept (How long is the effect of the developed concept?). The second viewpoint has two
sub-standards: 1) the development economics of the developed concept (What is the cost and time needed for installing
the developed concept?); and 2) the reconstruction degree of the installation of the developed concept (What is the degree
of reconstruction from the current device to the new device after remodeling?).

In order to evaluate these using two viewpoints, two formulas were created as follows using a five point scale:

m

el, = zSichi (h=1,..0) @
i=1
(Evaluation formula for the usefulness of each concept)
n
eZh = Z tjchj (h = 1; ey l) (2)
j=1

(Evaluation formula for the ease of installation of each concept)

ely : Score of usefulness of developed concepts

e2n : Score of easiness of developed concepts

si  : Weight of evaluation standard i of usefulness of developed concepts
t;  : Weight of evaluation standard j of easiness of developed concepts
cni : Evaluation results of evaluation standard i of developed concept h
Chj : Evaluation results of evaluation standard j of developed concept h

: Number of concepts

: Number of evaluation standard of usefulness of developed concepts
: Number of evaluation standard of easiness of developed concepts

: Suffix of a concept

. Suffix of an evaluation standard of usefulness of developed concepts
: Suffix of an evaluation standard of easiness of developed concepts

\._._.333_

Before the evaluation of the developed concepts, expectations are formed as shown in Table 1. In the expectations,
the evaluation of the usefulness of the concepts for early sub-operations, such as standing in front of two switches or
selecting a switch, is high because the original purpose of a visual management tool is for early detection of the abnormal
situation. The evaluation of the easiness of two concepts (b. prediction and c. differentiation) is high because the cost to
install them is low.



Expectations of evaluation of the developed concepts

Concepts Usefulness Easiness

a. Reflection A worker can remember the state  High It is costly to prepare inferior Middle
after the operation by this concept. product.

b. Prediction A worker can remember the state  High It does not take effort. High
after the operation by this concept.

c. Differentiation This concept has the possibility to  Middle It does not take effort. High
not entirely remove the problem
of the similarity.

d. Unification It is possible for a worker to Middle It is necessary to improve the Low
become familiar with this concept. relevant system.

e. Procedure It is possible for a worker to Middle It is necessary to improve the Low
become familiar with this concept. relevant system.

f. Double-check It is possible for a worker to Middle It is necessary to improve the Low
become familiar with this concept. relevant system.

g. Post-confirmation ~ This concept is a countermeasure ~ Middle It is necessary to improve the Low

after the fact. relevant system

Five evaluators of the company in this case included the plant director, the head of the production division, and three
experts of the total productive maintenance and management (TPM), which is one of the well-known lean management
schemes. They are respectively denoted as A, B, C, D, and E in the evaluation. Based on the evaluation results presented
in Tables 2 to 5, Figure 7 shows the usefulness and easiness of the seven developed concepts. The relationship between
the two viewpoints is considered a trade-off relationship. Based on discussions with the evaluators, the company often
uses visual management tools followed by the f. double-check concept, which is well balanced from two viewpoints. In
spite of only one case, the analyzed results suggested that practitioners have developed a visual management tool using

effective concepts.

Evaluation results of usefulness of the developed concepts

The expectation to prevent

accidental operation by the The durability of the effect

Concepts developed concept of the developed concept
A B C D E A B C D E
a. Reflection 3 3 2 1 3 2 2 1 1 2
b. Prediction 3 3 4 1 3 2 2 2 1 2
c. Differentiation 4 3 3 3 4 2 3 3 3 3
d. Unification 4 5 5 5 4 4 3 4 5 3
e. Procedure 5 5 4 4 5 5 5 5 4 5
f. Double-check 4 4 4 2 5 4 4 4 2 5
g. Post-confirmation 5 1 4 5 3 5 1 5 5 3
5: Very high evaluation from each evaluation standard of usefulness of each concept
4: High evaluation from each evaluation standard of usefulness of each concept
3: Middle evaluation from each evaluation standard of usefulness of each concept
2: Low evaluation from each evaluation standard of usefulness of each concept
1: Very low evaluation from each evaluation standard of usefulness of each concept
Evaluation results of easiness of the developed concepts
Th? expectation to prevent The durability of the effect
accidental operation by the of the developed concent
Concepts developed concept P P
A B C D E A B C D E
a. Reflection 5 5 5 5 5 2 5 5 5 2
b. Prediction 4 5 4 5 5 3 5 4 3 3
c. Differentiation 4 5 4 5 5 3 4 5 5 4
d. Unification 3 2 2 3 3 4 2 3 3 3
e. Procedure 2 1 2 2 2 4 1 2 2 5
f. Double-check 2 2 1 4 2 5 2 1 3 5
g. Post-confirmation 1 1 1 1 2 5 1 1 1 3
5: Very high evaluation from each evaluation standard of easiness of each concept
4: High evaluation from each evaluation standard of easiness of each concept
3: Middle evaluation from each evaluation standard of easiness of each concept
2: Low evaluation from each evaluation standard of easiness of each concept
1: Very low evaluation from each evaluation standard of easiness of each concept



Evaluation results of weight of usefulness and easiness of the developed concepts

Evaluation standard A B C D E
The expectation to prevent accidental operation by developedconcept 3 5 5 4 5
The durability of the effect of developed concept 4 5 4 3 3
The development economics of developed concept 5 3 3 3 4
The reconstruction degree of the installation place of developed concept 4 5 3 4 5
5: Very high evaluation from each evaluation standard
4: High evaluation from each evaluation standard
3: Middle evaluation from each evaluation standard
2: Low evaluation from each evaluation standard
1: Very low evaluation from each evaluation standard
Calculation results of usefulness and easiness of the developed concepts
eln (after standardization) e2y (after standardization)
Concepts A B C D E A B C D E
a. Reflection 17 25 14 07 21 33 40 30 35 30
b. Prediction 17 25 28 07 21 32 40 24 27 35
c. Differentiation 20 30 27 21 29 32 35 27 35 40
d. Unification 28 40 41 35 29 31 16 15 21 27
e. Procedure 35 50 40 28 40 26 08 12 14 33
f. Double-check 28 40 36 14 40 30 16 06 24 33
g. Post-confirmation 35 1.0 40 35 24 25 08 06 07 23
5.00
e. Procedure
4.00
d. Unification
f. Double-check
" 3.00 g. onst- c. Differentiation
g confirmation
=
2
g 2.00
= b. Prediction
1.00 -
a. Reflection
0.00
0.00 1.00 2.00 3.00 4.00
Easiness

Usefulness and easiness of the seven developed concepts (average of five evaluators).

This section discusses the results from Section 5 on the basis of two key items: 1) a reaction function from people to
a production system; and 2) functions of a tool from a production system to people. This discussion is further based on
the proposed framework in Section 4.

Table 6 shows the comparison between the expectation of evaluation of the developed concepts and the results. For
comparison, the obtained scores are classified by the standard divided equally among three (see notes in Table 6).
Remarkably, the evaluation results of the usefulness of a. reflection and b. prediction were lower than their expectations.
Further, the evaluation results of the usefulness of e. procedure were higher than their expectations. The analyzed results

indicate that concepts “just before” the operation are important compared with that of concepts “before” the operation. A

conventional idea of a visual management tool is for early detection of an abnormal situation. However, the necessary
visual management tool for a countermeasure depends on the circumstances. The results indicate that it is necessary to
consider the capability of comprehensibility of a visual management tool when designing a reaction function requested

by a production system from people.



Comparison between expectations and results of evaluation of the developed concepts

Concepts Usefulness Easiness
Expectation Result Expectation Result
a. Reflection High Low Middle Middle
b. Prediction High Low High Middle
c. Differentiation Middle Middle High Middle
d. Unification Middle Middle Low Low
e. Procedure Middle High Low Low
f. Double-check Middle Middle Low Low
g. Post-confirmation Middle Middle Low Low

As previously discussed in Section 5.2, the development to resolve the twin-switch problem consists of four steps: 1)
analyze the processes of the target operation; 2) consider the visualized item for each analyzed process; 3) conceptualize
the tool for each visualized item; and 4) design a tool for each visualized item. These are divided into two transactions:
the first represents the first sub-function of the proposed framework, which is a creation of information from a production
system to a tool; and the second represents the second sub-function of the proposed framework, which is a transformation
of information from a tool to people. In order to realize the totality of development of a visual management tool, this
systematic procedure should be considered, following the proposed framework.

Additionally, there were two capabilities of each sub-function, respectively. The capabilities of the first sub-function
were non-ordinariness and continuity. The capabilities of the second sub-function were inducibility and timeliness.

Non-ordinariness is included in all seven concepts as the capability of the tool. However, the level of the problem-
solving process varies among them. The early concepts, such as a. reflection and b. prediction, must advance the pre-
detection of an abnormal situation of a production system. The later concepts, such as g. post-confirmation, visualize the
transactions after the occurrence of an abnormal situation in a production system. The choice of concepts may follow the
management level of a production system. Perhaps the installation of a combination with some concepts by all levels of
problem-solving may be an effective method to operate a production system without trouble.

As for continuity in the twin-switch problem, monitoring the time the abnormal situation occurs is difficult because
miss-switching directly causes the miss-operation of a production system. However, the seven concepts support
operations both before and after such an incident occurs. The detection function of the situation of the seven concepts are
divided into two types. One type is the function to inform the existence of the possibility of miss-operation by various
icons (i.e., a sensor, a picture, color, and sound). The concepts that fall under this type include: a. reflection, b. prediction,
c. differentiation, f. double-check, and g. post-confirmation. The other types are the functions to inform the correct switch
operation by deleting latent abnormal situations with Poka-Yoke systems (Vinod et al., 2017). The concepts that fall
under this type include: d. unification and e. procedure.

The tool without the capability of inducibility becomes the “background” of a production activity, which means that
soon after installation, nobody notices it. The linkage of a tool’s operation with a switch’s operation is considered to be
one of the most effective measures to maintain the capability. Concepts that fall under this viewpoint include: e. procedure
and f. double-check.

With regard to timeliness, a. reflection, b. prediction, and c. differentiation are relevant concepts because an abnormal
situation is recognized before the occurrence of a miss-operation.

The above-mentioned development of the concept to solve the ‘twin-switch problem’ was performed independently
from the proposed framework. And then, the discussion involving the proposed framework contributes to understanding
the steps of the concept development as a systematic approach, and to clarify the capability of each concept. Many
practitioners can utilize the proposed framework to strengthen their countermeasure to the ‘twin-switch problem’ because
the problem occurs in many chemical plants. Based on the above result, the initial utility of the proposed framework can
be confirmed.

For the limitation, the two switch problem picked up in this paper is just one case. The wider range of application to
other manufacturing sector or other industries of the proposed framework should be proven in the future. Also the analysis
of various types of visual management systems should be carried out using the block diagram from control theory. These
will lead to deeper insight on the mechanisms of a visual management tool as the theoretical study. Furthermore, the
possibility of a scientific analysis of other lean management tools can be expected to grow. Control theory, which is
applied to the proposed framework, has probably a wider range of application. For example, the theoretical interpretation
of a visual management system may support the evaluation of the function by a numerical experiment on the basis of
mathematical modelling and computer simulation.

The proposed framework can provide insights on the internal mechanisms of a visual management system through
common perspectives. In the discussion of the development case in Section 6, not only the robust evaluation of individual
concepts of the tool, but also a systematic comparison among seven concepts could be realized through the proposed



framework, including the two key functions with the five capabilities. Such a new approach leads to strengthening of the
theoretical study of visual management, given that practical studies mainly provide good applications and guidance to
install/perform visual management schemes in the main fields of study, such as operations management and lean
management. Moreover, the proposed framework contributes to understanding visual management systems more
systematically than what is allowed by Womack et al. (2003)’s definition and many relevant concepts such as visual
factory (Greif, 1991), visual communication (Mestre et al., 2000), and visual workplace (Galsworth, 1997). And then,
the theoretical study of visual management should be continually strengthened from various perspectives, such as
organizational barriers and organizational psychology, as indicated in Bell et al. (2013) and Tezel et al. (2016) in section
2.

Practitioners may utilize the proposed framework to develop a visual management system. The conventional approach
centers on the development of an elemental technique, such as a sensor, a picture, and color coordinates. It is concerned
with only one of the two tool functions of the proposed framework, namely the transmission of information from the tool
to people. However, a correct design of the visualized item from the viewpoint of the other tool function, the creation of
information from the production system to the tool, is also important, for ensuring an appropriate outcome from a visual
management system.
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