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Abstract: This study aims to experimentally confirm whether knowledge that has been challenging
to transfer through traditional on-the-job training (OJT) can be effectively transferred by intro-
ducing a formalized OJT approach that describes the improvement process knowledge of skilled
production systems consultants, facilitating imitation by unskilled consultants. We adopted the
Digital Triplet (D3) concept, an extension of the authors’ digital twin framework to intelligent activi-
ties, aligning with our study objectives. Recognizing the difficulty and inadequacy of knowledge
transfer in production systems consulting OJT, we propose an OJT support method integrating a
decision-making modeling approach for skilled consultants” processes based on the Generalized
Production Systems Consulting Process Model (GCPM) from prior literature into traditional OJT
methods involving self-learning and direct instruction. This method enables the construction of a
domain-specific GCPM, formalizing the improvement process flow implemented by skilled con-
sultants and linking it to production improvement expertise and tools. In a case study focused
on energy-saving improvement, we constructed and tested a domain-specific GCPM’s efficacy in
facilitating the transfer of difficult-to-transfer knowledge. The results indicate that domain-specific
GCPM facilitates such knowledge transfer, including specialized improvement, knowledge utilization,
rationale, and adaptation to specific cases.

Keywords: Industry 4.0; cyber-physical production systems; digital twin; digital triplet; manufacturing
system; production improvement; consulting service

1. Introduction

In the manufacturing industry, the surge in digitalization and transition from mass
to variable-volume production have intensified the complexity of production systems [1].
In response, certain companies [2,3] have expanded into the realm of “production sys-
tems consulting”. This involves providing consulting services to optimize the production
systems of other companies. These consulting firms utilize their amassed expertise in
improvement methodologies and digital technology to pinpoint areas of enhancement
within production systems [4].

Production systems consultants utilize specialized knowledge and expertise to op-
timize production systems. Given the escalating complexity of these systems, clients
increasingly expect consultants to possess a higher quantity and quality of skills [5]. Re-
grettably, there is presently a shortage of personnel capable of meeting these demands [5].

To remedy this shortfall, skilled consultants have been making efforts at on-the-job
training (O] T), in which they impart procedures and knowledge to unskilled consultants
while performing their tasks. However, due to the accumulation of experiential knowledge
among the skilled workforce, challenges to transferring knowledge to unskilled consultants
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still persist, such as the omission of essential knowledge and the substantial investment of
man-hours required for training.

The primary objective of this study is to establish a systematic approach for supporting
the training of unskilled production systems consultants. As a preliminary step towards
achieving this objective, we address the research question of effectively transferring knowl-
edge that is traditionally difficult to convey in conventional OJT settings in this paper.
Building on our previous work that formalized the knowledge of skilled consultants [6],
we propose a novel OJT method. This method enables unskilled consultants to emulate the
valuable expertise of their more experienced counterparts.

Efficiently transferring knowledge about improvement processes from skilled to un-
skilled consultants, without omissions, has the potential to significantly impact the future
evolution of production system consulting because it:

e  Ensures uniform and higher-quality consulting services, improving project outcomes
and customer satisfaction.

e Enables the early participation of unskilled consultants in projects, speeding up
progress and reducing skilled consultants” workload.

e  Fosters knowledge creation within the organization, encouraging innovation through
shared experiences.

e Allows learning anytime, anywhere, through digitized knowledge, facilitating self-
paced learning and community collaboration.

e  Utilizes artificial intelligence and machine learning to enhance novice consultants’ learn-
ing effectiveness by suggesting optimal solutions based on past data and best practices.

In the subsequent sections, this study delineates the definition and scope of production
systems consulting, outlining the requirements for production systems consultants in
Section 2. Section 3 delves into related research on knowledge transfer, while Section 4
explores the application of the Digital Triplet (D3) concept to production systems consulting.
Section 5 presents the proposal for an OJT support method for unskilled consultants, while
Section 6 outlines the experimental methods employed. Moving forward, Section 7 details
the experiments and results obtained through case studies, with Section 8 providing
a discussion of the experimental outcomes. Finally, Section 9 concludes the study by
addressing implications and future considerations.

2. Production Systems Consulting
2.1. Definition and Target

Management consulting involves the empirical investigation and analysis of manage-
ment problems by a management consultant—an expert with profound knowledge and
experience in corporate management. At the request of a company, the consultant offers
necessary recommendations to foster development, coupled with guidance and advice for
their implementation [7].

Aligned with the definitions of production systems and management consulting, this
study defines production system consulting as an activity where consulting experts in
production control conduct surveys to analyze the client company’s production system.
The goal is to identify areas for improvement and provide support for both short- and
long-term enhancements [6].

While production system consultation encompasses improvements in production
systems across various manufacturing industries, this study specifically focuses on the
machining and assembly manufacturing sectors [6].

2.2. Competency Requirements for Production Systems Consultants

Production systems consultants, akin to general management consultants, must pos-
sess essential skills in communication, problem-solving, and project management [8].

In addition to these core competencies, familiarity with production system improve-
ment frameworks such as Industrial Engineering (IE), Quality Control (QC), and Total
Productive Maintenance (TPM) is indispensable.
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Moreover, expertise in statistical analysis frameworks specific to production systems,
including Six Sigma, is imperative [9]. As production systems evolve into a more digital
and complex landscape in the era of Industry 4.0, consultants should also demonstrate
proficiency in handling digital tools, particularly in the analysis of data [10].

2.3. Knowledge That Is Difficult to Pass On

As outlined in Section 1, skilled consultants endeavor to train unskilled counterparts
to attain proficiency through OJT.

Nevertheless, the complexity of the production system itself and the variety of forms
of knowledge about improving production systems make the transfer of accumulated
knowledge among skilled consultants difficult and a perennial challenge [11].

Drawing from the authors” own experience, interviews conducted to date, and an
extensive literature review, four distinct types of knowledge have been identified as partic-
ularly challenging to transfer from skilled to unskilled consultants.

1.  Expert knowledge needed to improve production systems [12].

2. How to use expert knowledge and tools in actual cases, and the intention and reason
for using them (context) [13,14].

3. General improvement process flow.

4. Mapping and using the general improvement process flow for actual cases [15].

3. Related Works

This section provides related works related to methods and systems to facilitate the
transfer of knowledge that is difficult to transfer, as described in Section 2.3. Additionally,
it also introduces the concept of a Digital Triplet (D3) tailored to support novice users.

3.1. OJT and Of-JT

OJT, the most widely employed training method [16], aligns with learning theory,
suggesting that the closer the training is to the workplace, the more effective knowledge
transfer becomes [17]. OJT is positioned as the most effective method for manufacturing
firms [18], providing unskilled workers with the opportunity to learn task-specific skills
and related tasks.

Conversely, off-the-job training (Off-JT), conducted outside the workplace before
and after OJT, encompasses various methods such as lectures, group discussions, role-
playing, technical documents, case studies, videos, and computer-based training. Despite
its comprehensive nature, Off-]T is generally perceived as costlier than OJT, prompting
many companies to hesitate in its adoption. One drawback of Off-]T is its potential practical
ineffectiveness if the learning material is not closely related to actual work activities [19].
However, systematic Off-]JT offers the advantage of enabling unskilled workers to grasp
the “why” behind their tasks rather than just the “how”.

While OJT aids in mastering routine tasks and understanding basic concepts, Off-]T offers
a deeper comprehension of the background and purpose of their work. Thus, integrating
Off-JT with OJT is considered a best practice for facilitating effective knowledge transfer [20].

3.2. Knowledge Transfer

In this section, we review previous studies that have contributed to enhancing the
efficacy of both OJT and Off-JT, as well as reducing associated work costs, as discussed in
Section 3.1. These studies are categorized to provide a structured overview.

3.2.1. Knowledge Management

Enhancing both Off-]JT and OJT can be achieved through knowledge management
initiatives.

Plessis et al. demonstrated that leveraging physical artifacts, standardizing train-
ing programs, and implementing other strategic measures can effectively reduce the
duration of knowledge transfer and associated management costs [21]. Additionally,
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Kulkarni et al. highlighted the significance of information quality within managed knowl-
edge, underscoring the role of organizational leadership and incentives in elevating knowl-
edge quality to a level conducive to practical utilization, thereby enhancing the efficacy of
knowledge-based systems [22].

Ganesh et al. established a practical knowledge management framework involving
the identification of experienced key personnel, benchmarking, and networking-related
activities to document tacit knowledge and preserve it for future use [23].

Wilkesmann et al. proposed fostering a culture that supports knowledge-transfer activ-
ities between experts and novices by providing direct communication channels throughout
the organization. Through a case study of Lufthansa Airlines, they confirmed that organiza-
tional learning is evolving, with employees acquiring knowledge via a technology platform
that integrates electronic learning (e-learning) and knowledge management systems [24].

Zhao et al. introduced a methodology for creating a positive cycle of training and
knowledge integration [25]. This process transforms tacit knowledge acquired by busi-
nesses through training into a valuable asset by accumulating and disseminating it within
the organization using knowledge integration mechanisms encompassing human, organi-
zational, and procedural bridging.

Felder et al. confirmed that the practice of problem-solving activities through coopera-
tive learning in student teams, emphasizing autonomy rather than top-down instruction
from the organization, particularly by teachers and experts, leads to a deeper understanding
of learning content [26].

Social media platforms are also emerging as valuable tools for knowledge sharing
within organizations. Yaqub and Alsabban showed that social media allows for informal
communication, so it can help break down silos and significantly increase knowledge
sharing within an organization. However, they also found that the relationship between
social media use and knowledge sharing was moderated by a number of factors, including
employee motivation and technical skills [27].

3.2.2. Microlearning

Microlearning emerges as a distinct approach to enhance both Off-JT and OJT, differ-
ent from organizational strengthening, culture development, standardizing knowledge,
and enriching the knowledge base. Tailored to accommodate human brain cognitive lim-
itations in short-term memory, microlearning entails interactive and sequential learning
chunks termed “learning nuggets”, facilitating an integrated and personalized learning
journey in the field [28].

Olivier incorporated microlearning techniques into student instruction [29]. This was
to foster self-directed learning and facilitate the transfer of experiential knowledge through
the creation of new learning materials and the repurposing of existing ones. Similarly, Roth
etal. employed microlearning strategies to enhance production operations by enabling high-
frequency learning (for example, once a week) with focused content delivery, compared to
traditional training methods, such as low-frequency but extensive content dissemination
(for example, once a year) [30]. Their approach reduced face-to-face instruction time,
preventing downtime, thereby optimizing cost-effectiveness by keeping personnel engaged
in production tasks. Additionally, Park et al. explored the application of microlearning
methodologies to online e-learning, aiming to streamline content development processes
and enhance learning efficiency [31].

Gamified microlearning is emerging as a promising approach to e-learning that offers
a number of benefits to both learners and organizations. Septiani and Rosmansyah explored
that by incorporating game-like elements into microlearning modules, organizations can in-
crease learner engagement, improve knowledge retention, and promote skill development,
ultimately leading to better learning outcomes [32].
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3.2.3. Simulation

With the evolution of digital technology in manufacturing, research endeavors have
explored the utilization of simulation technology to augment Off-]T and OJT.

Miller and Alessi, along with similar studies employing similar frameworks [33,34],
emphasized the relationship between fidelity (as a degree of simulation realism) and knowl-
edge transfer. Consequently, fidelity manipulation has emerged as a pivotal consideration
in the design of simulation systems tailored for engineers and researchers [35]. Thomas et al.
stressed the importance of increasing the fidelity of motion data in production systems to
accurately reflect strategic scenarios during operations within simulations [36]. This supports
decision-making knowledge for maintaining optimal production and logistics systems.

Conversely, Doozandeh et al. addressed the cost implications associated with high-
fidelity simulations and the resource-intensive nature of their design and maintenance [37].
Through case studies such as maintenance training, they demonstrated that adjusting
the complexity and fidelity of simulations according to training objectives and trainee
proficiency levels facilitates knowledge transfer, even with low fidelity for novice learners.

As part of simulation-focused research initiatives, Watanuki and Kojima developed a
technology transfer system [38] grounded in the SECI model [39]. This system incorporates
technical documentation, data storage, and a virtual reality (VR) platform, enabling the
creation of a virtual Off-JT environment. This environment facilitates repetitive learning
for unskilled workers devoid of real-world challenges, thereby expediting knowledge
acquisition by skilled workers. Chiang et al. explored how augmented reality (AR) tech-
nology enhances vocational training, confirming its benefits by applying it to mainte-
nance and assembly tasks in the manufacturing sector. Additionally, AR technology was
found to improve worker-equipment interaction, reducing the workload compared to
VR technology [40]. This is because AR, unlike VR, does not require complete replication
of the natural environment. Furthermore, Schumann et al. proposed a novel approach to
knowledge transfer in product development by integrating VR/AR technology and digital
engineering, culminating in the establishment of a virtual laboratory [41].

Focusing on the transformation of education due to the COVID-19 pandemic, Mourtzis
et al. proposed a hybrid educational model that combines online and face-to-face instruc-
tion. The proposal uses a cloud platform for real-time communication, training, and
knowledge sharing. On this platform, real-time direct communication with experts enables
simulation-based digital skills development using VR and AR. The model eliminates tradi-
tional pedagogical approaches based on repetition and memorization and instead creates
personalized education [42].

3.3. Summary of Related Works

Knowledge that is difficult to transfer to unskilled consultants is described in
Section 2.3; Knowledge 1 and 3 can be solved by employing the approaches adopted
in previous studies on knowledge management and microlearning, by having skilled
consultants examine textbooks and procedures standardized by experts, or by receiving
lectures directly from them.

On the contrary, Knowledge 2 and 4 present challenges for self-learning or direct
instruction from experts alone, as they are often acquired through iterative trial and error in
practical settings. Consequently, an alternative approach involves developing a virtual OJT
environment tailored to specific work processes, as exemplified by the work of Watanuki
and Kojima [38]. This specialized environment facilitates experiential learning for unskilled
workers, enabling them to acquire proficiency through trial and error.

In this study, our objective is to facilitate the transfer of Knowledge 2 and 4, which have
traditionally proven resistant to conventional OJT methods. Our previous study formalized
the process knowledge of skilled consultants [6]. Using this valuable result, we propose an
alternative approach to OJT that introduces the formalized process knowledge and is repli-
cated by unskilled counterparts. This approach aims to speed up knowledge acquisition and
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proficiency attainment for unskilled consultants by providing a structured and reproducible
method, thereby reducing the reliance on indirect trial-and-error learning described earlier.

3.4. D3

Umeda et al. introduced the D3 framework [43] as an advancement of the Digital Twin
(D2), merging the “physical world” and “cyber world” aspects of D2 with the inclusion of
the “intelligent activity world” tailored for engineers’ problem-solving endeavors. D3 is
designed to support production system engineers, recognizing the continued significance
of skilled engineers’ decision-making despite the progression of cyber-physical production
systems (CPPS). By capturing cognitive processes, D3 informs engineering processes (EP)
in the design of production systems, as evidenced by CPPS documentation.

Central to the D3 framework is the utilization of a process-modeling language for
digital triplets (PD3, Version 2) [44] to articulate the EPs of skilled engineers.

PD3 offers a graphical representation of EPs, depicting the process flow, knowledge,
and tools utilized by engineers. It elucidates the information flow and action processing
within EPs, illustrating the engineers’ intentions, tools, and decision rationales. Within
the D3 concept, EPs are meticulously modeled using PD3, detailing the process flow,
knowledge, and tools for potential reuse.

PD3 employs a graph structure to represent EPs, incorporating flows (denoting infor-
mation movement within the EP) and actions (depicting information processing) as arrows
and boxes, respectively. Arrows on each side of the box signify input and output changes,
accompanied by descriptors delineating the action’s content. The engineer’s intentions, tools
employed, and rationale are indicated by arrows from various directions (refer to Figure 1).
Container boxes facilitate a hierarchical and comprehensive representation of actions.

Intention of Annotation
- Action «
7 Rationale for
7/ e
‘ Decision
—_—

Problem-Solving Layer Information Information
Collected/Derived Collected/Derived
by Previous Action by Action

Physical Layer Information Layer Tools/Knowledge Container
Mw
N—

Figure 1. PD3 description. Reprinted from Ref. [44] (2021), the Japan Society of Mechanical Engineers.

Goto et al. expanded this by using PD3 to document and reuse the decision-making
processes [45] (Figure 2). This framework engages both production system engineers (PSE),
responsible for problem-solving activities, and knowledge engineers (KE), tasked with
documenting and managing process knowledge. Initially, KEs capture the decision-making
of PSEs, generating a log-level description (Step A). Subsequently, this information is
distilled into a generalized process model (GPM) (Step B), which is then stored in the
Model Database (Step C). The GPM was later updated with automation and software
enhancements (Step E), aiding the training of other PSEs (Step D).
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Engineering
Process (EP)

Production Systems
Engineer (PSE)

eneralized
Process
Mode Knowledge

: — : Engineer
LR ode

Figure 2. Framework for reusing the decision-making process of skilled production system engineers.

Log-level
Description

Reprinted from Ref. [45] (2022), the Japan Society of Mechanical Engineers.

4. Approach

The authors have extensively outlined the improvement process of skilled produc-
tion systems consultants in prior studies [6], employing the “Framework for reusing
decision-making processes of skilled production system engineers based on the D3 Con-
cept” depicted in Figure 2. Given its potential to facilitate the transfer of knowledge that
has traditionally been challenging in conventional OJT, which aligns with the objective of
our study, we aim to investigate the application of this framework to OJT in production
system consulting.

Within this framework, a specific process executed by skilled engineers for a given
problem is delineated at the protocol level and integrated with a generalized GPM. Ad-
ditionally, the PD3 utilized in this framework establishes a comprehensive process flow,
documenting the knowledge and tools utilized in each process, along with the underlying
intent and rationale for those processes.

First, after conducting traditional OJT, we identify through interviews which knowl-
edge that has been difficult to transfer to the unskilled in traditional OJT falls into the
categories of knowledge described in Section 3.3.

Then, we conduct experiments to determine whether this framework will facilitate the
transfer of Knowledge 2 and 4, which have traditionally proven difficult to transfer from
skilled to unskilled individuals through traditional OJT methods.

5. OJT Support Method for Production Systems Consulting

In this section, we propose a novel OJT method, using the knowledge of skilled
consultants about the improvement process [6] that was formalized in our previous research,
to address the research question described in Section 1.

5.1. Generalized Production System Consulting Process Model

In production systems consulting, solving complex problems in client factories in-
volves diverse problem-solving processes. For an inexperienced knowledge engineer (KE),
developing a structured log-level description or Generalized Production System Consult-
ing Process Model (GCPM) without guidance poses significant challenges [46]. Given the
presence of recurring patterns in many consulting processes [47], we devised a generalized
consulting process (CP) pattern and streamlined the efforts of skilled consultants to facil-
itate the construction of a GPM, thereby easing CP analysis for the KE [46]. The GCPM
typically concludes upon client approval of proposed improvements; however, it may
also terminate based on contractual obligations, irrespective of client satisfaction. Defined
through expert interviews and past experience, the GCPM encompasses six actions, as
illustrated in Figure 3 [46].
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‘ Client’s needs Setting Analysis pPIan = pPI b Validation _‘ Plans

Figure 3. Generalized production systems consulting process model (GCPM). Reprinted from Ref. [46]
(2021), the Japan Society of Mechanical Engineers.

1.  Understanding the client’s needs.
e  The consultant listens to the client, gathers information, and sets improvement
goals such as productivity and efficiency enhancement.
2. Problem setting.
e  The consultant defines the problem using the collected data and past cases.
3. Current state analysis.
e  The consultant assesses the factory’s current state to identify areas needing im-
provement.
4.  Derivation of improvement plans.
e  Potential improvement measures for the identified targets are generated.
5. Evaluation of improvement plans.
e Improvement measures are prioritized based on return on investment.
6. Verification.
e  The consultant implements and verifies the effectiveness of the prioritized mea-
sures in the client’s production system.

5.2. Traditional OJT Method for Production Systems Consulting

Prior to our proposal, we described the OJT process currently undertaken by skilled
consultants, which focuses on direct instruction. As depicted in Figure 4, to prepare for
consulting engagements, unskilled consultants acquire specialized improvement knowledge
and tools through textbooks and lectures (Step A). Subsequently, they collaborate with skilled
consultants on real-world consulting activities (Step B). During or after the implementation of
Step B, the skilled consultant provides direct guidance to the unskilled consultant on content
that is insufficient compared with prior learning alone (Step C in Figure 4).

“

Skilled Production
B Execute~ Systems Consultant

C

Consulting Instruct _|
Process(CP) B Execute |
<A— Textbooks

Learn o S,

Unskilled Production o R\
Systems Consultant o/ .

Lecture

Figure 4. Traditional OJT method for unskilled consultants.
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5.3. OJT Support Method for Production Systems Consulting

In this section, we present an enhanced method for the traditional OJT framework
depicted in Figure 4 by introducing a domain-specific GCPM to enable the transfer of
knowledge that has been difficult to pass on to unskilled consultants during traditional OJT.
Specifically, as depicted in Figure 5, by having unskilled consultants conduct consulting
activities while referring to the domain-specific GCPM, knowledge transfer to unskilled
consultants is supported. This framework is called the OJT support method for production
systems consulting. This part is the original proposal of this paper.

8
Skilled Production
Systems Consultant

lC Instruct —I
Refer and Execute -

B —m <4— Textbooks
Learn o &v0

Unskilled Production Y= =\

Systems Consultant \J

Lecture

Consulting
Process(CP)

omain
Specific
GCPM

Repeat Structure

o
T oo J-

Figure 5. OJT support method for production systems consulting.

The details of steps A through C in Figure 5 of the proposed OJT support method
are detailed as follows: Step A initiates a preliminary learning phase akin to Step A in
Figure 4, where unskilled consultants acquire foundational knowledge. Subsequently,
unskilled consultants partake in actual consulting activities while consulting the domain-
specific GCPM (Step B in Figure 5). If unskilled consultants encounter inadequacies in their
prior learning or references to the domain-specific GCPM during or after Step B, skilled
consultants offer direct guidance (Step C in Figure 5).

In the following sections, we will see through experiments whether this OJT support
method of production systems consulting can be used in practice by unskilled consultants
to solve research questions.

6. Experimental Method

This section delineates the procedure for testing the hypothesis that “the method
proposed in Section 5.3 facilitates the transfer of knowledge that has been challenging to
transmit through traditional OJT”. Initially, in preparation for verification, Experiment 1
(the first row of Table 1) was conducted wherein OJT was administered to an unskilled
consultant (subject A) with prior learning and direct instruction from skilled consultants,
as depicted in Figure 4. Following the OJT, interviews were conducted with subject A by
the KE, and the extracted content proved difficult to comprehend or was not understood.
Note that Subject A in Table 1 is an employee of an FA system manufacturer and has no
experience in production systems consulting.
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Table 1. Experimental category.

Direct Instruction

Prior Learning Providing Domain-Specific

ClaSSIﬁ.Catlon of Classification of the Test Subject (Step A from Skilled GCPM
Experiments in Figure 4) Consultants (Step B in Figure 5)
8 (Step C in Figure 4) P 8
Test Subject A
Experiment 1 (Employee of the FA O O X
system manufacturer).
Test Subjects B1, B2, B3 (Bl is a
graduate student; the other two are o y o
employees of the FA
. system manufacturer).
Experiment 2
Test Subjects C1, C2, C3 (Clis a
graduate student, the other two are o » y

employees of the FA
system manufacturer).

Subsequently, in Experiment 2 (the second row of Table 1), unskilled consultants
(subjects B1 to B3) engaged in consulting activities while referencing the domain-specific
GCPM in Step B, in addition to the prior learning outlined in Step A of Figure 5. This
experiment aimed to evaluate the extent to which knowledge that is difficult to transfer
is effectively conveyed. Note that subject Bl in Table 1 is an undergraduate engineering
student, and subjects B2 and B3 are employees of an FA system manufacturer, all of whom
have no experience in production systems consulting.

During Experiment 2, direct instruction by skilled consultants in Step C, which is
typically conducted during or after the implementation of Step B, was intentionally omitted.
This decision was made to focus solely on assessing the effects associated with the utilization
of the domain-specific GCPM in Step B. Furthermore, to separate the effects of prior learning
from those of the use of domain-specific GCPM, subjects C1-C3 were asked to engage
in consulting activities after the implementation of only prior learning (the third row of
Table 1). Note that subject C1 in Table 1 is an undergraduate engineering student, and
subjects C2 and C3 are employees of an FA system manufacturer, all of whom have no
experience in production systems consulting.

The domain-specific GCPM used in Experiment 2 was created by the KE in the case
study of Experiment 1.

7. Experiment Result

This section presents a case study of energy-saving improvements, aligning with
Experiments 1 and 2 detailed in Section 6. Sections 7.1.1, 7.1.3 and 7.1.5 replicate the case
study investigated and analyzed in the authors’ previous study [6]. Consequently, only
the essential information required to comprehend the experiments outlined in this study
will be provided.

7.1. Experiment 1: Confirmation of Knowledge Transfer in Current O]T

In this section, we elucidate the aspects that the unskilled consultant failed to com-
prehend or grasp fully when the skilled consultant offered direct guidance to Subject A
(Step C in Figure 4) during the execution of actual energy conservation consulting activities
(Step B in Figure 4). Additionally, we outline the knowledge that Subject A acquired before-
hand (Step A in Figure 4) prior to receiving direct instruction from the skilled consultant.
Simultaneously, in preparation for Experiment 2, we outline a domain-specific GCPM
for energy-saving improvement formulated from a log-level description of the consulting
activities conducted by skilled consultants.
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7.1.1. Consulting Target

Our case study centers on a motor-manufacturing facility managed by an electrical
and electronic equipment manufacturer. Team A, consisting of two skilled consultants,
one unskilled consultant, and one data scientist, engaged in consultation activities spanning
from July to October 2021. The client’s objective was to “minimize energy consumption
while sustaining productivity (energy saving)”, with a specific emphasis on electricity,
propane, mixed gas, and steam.

7.1.2. Contents of Prior Learning

In this section, we delineate the preparatory learning undertaken by Subject A (Step A
in Figure 4) prior to receiving direct instructions from a skilled consultant. Subject A initially
acquired foundational knowledge, specialized improvement techniques, and proficiency in
digital tools, as illustrated in Table 2, through study materials and lectures. Furthermore, the
skilled consultants demonstrated to Subject A the broad general implementation procedures
for energy-saving improvement consulting services as follows:

Table 2. Foundational knowledge and the required specialized knowledge and tools for production

improvement.
Classification Content
Foundational Meaning of the configuration information of the factory’s production
knowledge system (factory, shop floor, production facility).
Collection of examples of energy-saving improvements.
Spcd oo PPN oh Do s bed o TR
Calculation formula for return on investment.
Pareto diagram.
Tools Scatter diagram.

Energy consumption loss calculation program.

Step 1: Collection of information.

e  Obtain information on the production process and facility configuration at the
target client’s factory.

Step 2: Identification of issues and introduction of past examples of improvement.

e  Consultants identify anticipated issues based on what they investigate from the
factory tour and past examples of improvements.

Step 3: Rough analysis and selection of targets for improvement.

e  Analyze the available data and determine targets for improvement.

Step 4: Detailed analysis.

e  Step 4-1: Operational improvement.
e  Step 4-2: Facility improvement.

7.1.3. Contents of OJT Training Provided by Skilled Consultants

Here, we outline instructions provided to Subject A (Step C in Figure 4) by skilled
consultants during energy-saving consulting (Step B in Figure 4). Concurrently, KE
compiled detailed logs of consulting activities. From our previous research, it was found
that the GCPM was applied five times to formulate final improvement plans [6]. We
summarize the log-level descriptions of energy-saving consulting processes
for each iteration.
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Round 1:

Consultants created a Pareto chart showing energy consumption across all production
facilities in a motor manufacturing factory by energy type, identifying facilities responsible
for 80% of consumption.

Round 2:

Consultants assessed the return on investment for high-energy consumption facilities,
prioritizing improvements, especially for the iron core press.

Round 3:

Consultants obtained daily time-series data on power consumption for iron core press
facilities over the past year, aiming to identify inefficiencies. Then, they constructed scatter
diagrams to pinpoint variations suggestive of potential power consumption losses.

Round 4:

Consultants focused on stable production periods, manually analyzing 12 October 2021,
data hourly for the steel core press facility with the TPM framework [48], revealing a
15 kWh loss (7.3% of total consumption).

Round 5:

Consultants asked a data scientist to develop a bespoke loss calculation program
to predict improvement effects, using a year-long dataset. Then, they recommended
“standardization of equipment start-up timing before production” as a high-priority mea-
sure for substantial short-term enhancements based on return on investment.

7.1.4. Embodying Knowledge That Is Difficult to Pass On

In this section, we present knowledge that is difficult to hand down from skilled to
unskilled consultants in the case of energy-saving improvement of production systems. For
this purpose, the KE interviewed Subject A about what he/she did not understand after
receiving OJT.

The four knowledge items shown in Table 3 were difficult to pass on in the case of
energy-saving improvements.

Table 3. Knowledge that is difficult to pass on in the case of energy-saving improvement consulting.

Knowledge to Be Difficult to Pass on in the Case of
Energy-Saving Improvement Consulting

Knowledge1 Knowledge2 Knowledge3 Knowledge 4

(@)

Data to be entered into digital tools for analysis. - O - -

(b)

Reasons and intentions for focusing on a specific day
when calculating the amount of electric power - O - -

consumption loss.

(©

Calculation method and procedure of power

consumption loss.

(d)

How to plan and prioritize improvement measures for

energy-saving.

Furthermore, we organized each piece of knowledge into knowledge types that were
difficult to pass on, as described in Section 2.3 (see Table 3).

7.1.5. Domain-Specific GCPM for Energy-Saving Improvement

In our prior study [6], a domain-specific GCPM for energy-saving was created by gen-
eralizing the log-level description process through cleansing, aggregation, and abstraction
techniques. This GCPM embodies generalized knowledge applicable to energy-saving
in manufacturing, comprising 15 actions. This cycle repeats itself in practical scenarios.
Figure 6a illustrates the first log-level description round, while Figure 6b shows a domain-
specific GCPM tailored for energy-saving consulting, corresponding to Round 1. Specific
nouns like “iron core press” highlighted by the red line in Figure 6 were abstracted, enabling
broader application to other factory cases.
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. We want to utilize past examples and rules of thumb by responding to
any consulting service menus in which we specialize

. We want to confirm whether collecting basic information necessary for
energy-saving improvements, such as the configuration of production facilities,
manufacturing BOM, and energy resource consumption data, is possible.

« We want to determine whether we can proceed with consulting using the information
we can expect to collect this time

Information that matches the consulting menu is expected
to be collected.

. Consulting menu :
[Operation improvement and production facili

v
i = improvement for the purpose of energy savingl|  Problem Setting1:
Requested by client Understanding 4 e Al &
— (Energy savings while maintaining produclivity)’ Client's Needs1 : « Flled basic information it of collectabilty -> F::g.mg \?vifr:?:ja?glzn !
Receiving requests from
clients amount of energy

T consumption
- )

. Company A specializes in six consulting menus

1. Work improvement for the purpose of productivity improvement
2 Design and introduction support for equipment automation
to improve productivity
3 Reduction of shelf space and manufacturing lead time
for the purpose of productivity improvement
4. Support for collection of manufacturing performance data and
introduction of a visualization system to improve productivity
s. Operation improvement and production facility improvement for the purpose of energy saving
6. Support for the introduction of a system to collect and visualize manufacturing performance data
for the purpose of energy conservation

- Basic Information List

. We want to Identify production facilities that consume
large amounts of energy to roughly narrow down the
types of energy resources and production facilities
that need to be improved.

Before conducting a detailed, person-hour data analysis,
we would like to identify energy resource types and
production facilities to be improved in broad strokes.

« We have identified Zone A, but we don't know much loss is occurring,

proper noun such as 0 we will collect basic information again.
"iron core press" .

- « More than 70% of the factory's energy consumption (Zone A)
Continued from

: e i T [ [ [ (i o e e e - -
Problem Setting1 . Which production faciliies in g.motor manufacturing | + Zone Afor power consumption: lron core press, Die casting, |

Jactory have a large amount of energy consumption? Shaft machining, Rotor assembly, Varnish, Stator assembly.
y I ion facility ion and { (Iayoul)l | . Zone ATor propane gas consumption; DI€ cas ing. 1
Problem Setting1: . Energy consumption time series data for all production 1 3 Tt ' Zone A of mixed gas consu_mption: Varnish. 1
Finding a production 1 facilities for one year (at one-month intervals) Current State Analysis1: '+ Zone A of steam consumption; -

facility with a large —— - —— = = = Calculating energy consumption for = - em em em e Em s wn em oem e

amount of energy each facility and perform Pareto
consumption P ana;ysls

. The knowledge that the production facility in Zone A (which in this case accounts for
more than 70% of the total production facility),
which uses a large amount of energy, has a high potential for losses.

. Pareto chart(Spreadsheet)

« The knowledge that many losses tend to lurk
in areas where energy consumption is high.

Current ‘each facility and

« Annual energy consumption
per facility
e ,| Createa
Pareto chart

Pareto chart
+ End

Spreadsheet

(a)

Figure 6. Cont.
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. We want to utilize past examples and rules of thumb by responding to
any consulting service menus in which we specialize.

. We want to confirm whether collecting basic information necessary for
energy-saving improvements, such as the configuration of production facilities.
manufacturing BOM, and energy resource consumption data, is possible

. We want to determine whether we can proceed with consulting using the information
we can expect to collect this time

. Consulting menu :

i [Operation improvement and production facility v
. - improvement for the purpose of energy saving) | Problem Setting1:
Requested by client Understanding i i Al o .
. (Energy savings while maintaining productivity). e . Filled basic information list of collectability r?;gmg :iz:oadlt;crllgn
far Receiving requests from - amo:nt of energy
clients consumption

> Iy
4 3

. Company A spécializes in six consulting menus

1. Work improvement for the purpose of productivity improvement
2 Pésign and introduction support for equipment automation
/o improve productivity

3. Reduction of shelf space and manufacturing lead time
for the purpose of productivity improvement

4. Support for collection of manufacturing performance data and
introduction of a visualization system to improve productivity

s. Operation improvement and production facility improvement for the purpose of energy saving

6. Support for the introduction of a system to collect and visualize manufacturing performance data
for the purpose of energy conservation

. Basic Information List

Understanding Client's Needs1 : Receiving requests from clients

. Filled basic information list
of collectability
. . Production facility configuration and connections (layout)
- Requested by client . Energy consumption time series data for all production
(Energy savings while maintaining productivity) (Gathering of basic facilities for one year (at one-month intervals)
Start » information that
can be collected.

« Basic information list

Spreadsheet

> End

. We want to Identify production facilities that consume

" i . large amounts of energy to roughly narrow down the .
. Before conducting a detailed, person-hour data analysis, types of energy resources and production facilities « We have identified Zone A, but we don't know much loss is occurring

we would like to identify energy resource types and that need to be improved. so we will collect basic information again
production facilities to be improved in broad strokes.

Eliminating
proper noun.

Continued from = -y
Problem Setting1 B Which production facilities in a factory have 1
a large amount of energy consumption?
| - Production facility configuration and connections (layout) |
I
I

y v Energy consumption time series data for all production 1 : i i ] 1
Problem Setting1: facilities for a relatively long period (one year or more), v - ¥ - Production facilities in Zone A of consumotion,
Finding a production atintervals of about one month. 1 Current State Analysis1: | ofvarious energy resources 1

= == == = = == == == == = == == = = = Calculating energy consumption for - - ———
each facility and perform Pareto
analysis
S

facility with a large
amount of energy
consumption ’
. The knowledge that the production equipment in Zone A (which accounts
for 60% to 80% or more of total production equipment)
has the highest energy use and potential for losses.
. Pareto chart(Spreadsheet)

. The knowledge that many losses tend to lurk
in areas where energy consumption is high.

| Current State : for each facility and perform Pareto analysis

- Energy consumption time series data for all production
facilities for a relatively long period (one year or more),
at intervals of about one month.

(o Pareto chart

S 'i Pareto chart g =

f

Spreadsheet

(b)

Figure 6. Generalization of Round 1 of the log-level description: (a) Log-level description; (b) GCPM
for energy-saving improvement. Modified from Ref. [6] (2023), Machines.

7.2. Experiment 2: Validation of Knowledge Transfer Using Domain-Specific GCPM

In this section, we aim to validate the assertion that “the method proposed in
Section 5.3 facilitates the transfer of knowledge that has been challenging to transmit
through traditional OJT”. To accomplish this objective, we conducted an experiment
to assess the disparity in effectiveness between utilizing the domain-specific GCPM for
energy-saving improvements and not employing the GCPM.
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7.2.1. Subjects and Conditions of the Experiment

Six individuals were identified as unskilled consultants: two engineering students
(referred to as subjects Bl and C1) and four FA system manufacturers (subjects B2, B3, C2,
and C3) lacking familiarity with energy-saving improvement techniques. Among them,
subjects B1, B2, and B3 were provided with the domain-specific GCPM for energy-saving
improvement, while subjects C1, C2, and C3 were not. Due to confidentiality concerns, a
hypothetical problem based on a motor manufacturing factory was devised by the author,
drawing inspiration from a case study conducted in Experiment 1. As part of prior learning
(Step A in Figure 5), subjects B1 to B3 and C1 to C3 were instructed on foundational knowl-
edge pertaining to production systems, specialized improvement techniques, as well as
tools and their utilization, as delineated in Table 2 of Section 7.1.2. The experiment was facil-
itated through online communication platforms such as Zoom and Microsoft Teams, chosen
for their ability to facilitate easy operation on computer screens and enable the recording
of questions during consulting activities. The client’s directive to the subjects (problem
setting) was to “identify the equipment responsible for the highest level of losses, specify
the types of losses incurred, and propose the most cost-effective improvement measures
to mitigate energy consumption. During this experiment, the following two assumptions
were made to ascertain whether the knowledge that proved challenging to transfer to
unskilled consultants in Experiment 1 could be effectively conveyed based on the disparity
between employing and not employing the domain-specific GCPM:

Digital tools can be used for data analysis as appropriate.
The data and information necessary to improve the factory that is the subject of this
case study have already been collected in advance.

To meet the first assumption, all subjects, including B1-B3 and C1-C3, were permitted
to utilize digital tools, irrespective of whether they were provided with the domain-specific
GCPM for energy-saving improvement. However, in this experiment, the process of manip-
ulating the tools and obtaining the output information was performed by the experimenter
(author) at the request of the subjects to unify the conditions. A list of available tools is
presented in advance, similar to that in Table 2 in Section 7.1.2.

To satisfy the second assumption, the information required to execute the consulting
activities (target information) was presented to the participants as follows:

Layout diagrams of the case study factories.

List of product models produced in each facility.

Constraints for improvement of each facility.

Time series data of power consumption (time intervals: 1 h, 1 d, and 1 month).
Production quantity time series data (time intervals: 1 h, 1 d, and 1 month).
An example of improvement measures.

The experimental procedure was as follows. For subjects B1-B3, who used domain-
specific GCPM for energy conservation improvement, explanatory materials on how to use
it were also presented when the foundational knowledge in (2) was presented:

(1) Explain the customer’s request (problem setting) to the subjects.

(2) Presentation of the subject’s foundational knowledge of the production system, expert
knowledge of improvement, and target information.

(3) Subjects perform consulting activities.

(4) Subjects report the results to the experimenter (client).

During the implementation of the subjects” consulting activities, the experimenter
diligently recorded the “data for evaluation”, as depicted in Table 4. This was conducted
to assess whether the utilization of the domain-specific GCPM facilitated the transfer of
knowledge pertaining to energy-saving improvement—a task previously proven challeng-
ing for unskilled consultants in Experiment 1. The second knowledge that was difficult
to pass on when improving energy saving, “ (b) Reasons and intentions for focusing on a
specific day when calculating the amount of electric power consumption loss”, as shown
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in Table 3, was not evaluated in this experiment because the relevant process was deleted
when the domain-specific GCPM was constructed.

Table 4. Data for evaluation.

Data for Evaluation Supplementary Explanation

Knowing the data to be entered into the three tools shown in Table 2 implies knowing
Data to be entered into digital tools. how to use and contextualize the digital tools. In other words, in (a) and (c),
knowledge that is difficult to transfer is considered to have been transferred.

In order to search for desired improvement measures from the examples of
improvement measures shown in Table 2, it is necessary to use the appropriate
Calculation result of power consumption loss. power consumption loss analysis results, including the type of production
equipment, resource type of energy, and type of energy loss. This corresponds to
knowledge (c) and (d), which have been difficult to transfer over.

In order to prioritize improvement measures, it is necessary to use appropriate

Data to be entered into the return on data from examples of improvement measures at appropriate times. This means
investment formula to propose a final that the planning and prioritization of improvement measures are done correctly.
improvement plan. In other words, it is regarded as the transfer of knowledge (d), which has been

difficult to pass on.

Subject’s energy-saving improvement consulting execution time, excluding the

Execution time. time for using digital tools.

Furthermore, while not directly tied to the primary focus of this validation, an ad-
ditional aspect considered was the measurement of effectiveness in reducing consulting
execution time. This evaluation aimed to ultimately determine improvement measures
yielding the highest return on investment for potential future applications of the domain-
specific GCPM in practical scenarios. Because the subjects were also busy, the upper limit
of the consulting activity time was set at 50 min, based on the results of the experimenters’
preliminary experiments, so that the total time for the prior study and the use of digital
tools could be kept within 90 min.

7.2.2. Subject’s Interaction during the Experiment

Based on the screen interactions and voice recordings captured during the utilization of
Zoom and Microsoft Teams, KE (the author) generated and scrutinized a log-level descrip-
tion detailing the consulting activities conducted by the six subjects as part of experimental
procedures (3) and (4) outlined in Section 7.2.1. Figure 7 illustrates Subject B2’s interac-
tion screen throughout the experiment, showcasing the utilization of a domain-specific
GCPM, serving as a representative example of screen interaction recordings. Note that the
domain-specific GCPM in Figure 7 are written in Japanese because both the experimenter
(the author) and subject B2 are Japanese and not familiar with English communication.

The results of the “data for evaluation” recorded by KE during the consulting activities of
subjects B1 to B3 and C1 to C3 in experimental procedures (3) and (4) are shown in Table 5.

Subjects B1-B3, who availed themselves of the domain-specific GCPM, verified that
they employed identical data, information, and procedures at the appropriate junctures
during their consulting activities, akin to the practices of skilled consultants. Conversely,
subjects C1 to C3, who did not utilize the domain-specific GCPM, were observed to employ
distinct data, information, and procedures across all evaluation data compared to those
employed by skilled consultants.

Upon reviewing Table 5, it is evident that when Subject B1 initially utilized the power-
loss calculation program, there was an instance of inputting production volume time-series
data and power consumption time-series data at daily intervals rather than the hourly data
specified in the domain-specific GCPM. However, during the course of the activity and
upon consulting the domain-specific GCPM, they independently recognized the necessity
to input hourly production volume time-series data and power consumption time-series
data, akin to the practices of skilled consultants.
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Figure 7. Operation screen record of test subject B2 during the experiment.
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. Data to be Entered Calculation Result of Data to Be Entered into the Exe?utlon
Test Subject . . . . Return on Time
into Digital Tools Power Consumption Loss I .
nvestment Formula [min]
Subject B1 e Average power Loss type: Short time e  Subject Bl selected 46

consumption per stops loss during “Centralized
month for each shop production. intermittent operation
floor (Pareto diagram). Production facility and by optimizing of

e  Production quantity model with high loss production planning”
and power generation: production from a list of
consumption model 11 of production 10 candidate
time-series data at daily facility No. 3. improvement measures.
intervals for production Amount of loss e Amount of loss
facility No. 3 generation: 146 [kWh]. generation: 146 [kWh].
(Scatter diagram). Loss reduction: 40 [%].

e  Production quantity Investment cost:
and power 100,000 [JPY].
consumption
time-series data at daily
intervals for production
facilities No. 1 to 3 (loss
calculation program).

e  Hourly power

consumption and
production quantity
time-series data for
production facilities
Nos. 1 to 3 (loss
calculation program).
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Table 5. Cont.

Data to be Entered

Calculation Result of

Data to Be Entered into the

Execution

Test Subject into Digital Tools Power Consumption Loss Return on Tu.ne
Investment Formula [min]
Subject B2 Average power Loss type: Short time e  Subject B2 selected 39
consumption per stops loss “Centralized
month for each shop during production. intermittent operation
floor (Pareto diagram). Production facility and by optimizing of
Production quantity model with high loss production planning”
and power generation: production from a list of
consumption model 11 of production 10 candidate
time-series data at daily facility No. 3. improvement measures.
intervals for production Amount of loss e Amount of loss
facilities Nos. 1 to 3 generation: 146 [kWh]. generation: 146 [kWh].
(Scatter diagram). Loss reduction: 40 [%].
Hourly power Investment cost:
consumption and 100,000 [JPY].
production quantity
time-series data for
production facilities
Nos. 1 to 3 (loss
calculation program).
Subject B3 Average power Loss type: Short time e  Subject B3 selected 42
consumption per stops loss “Centralized
month for each shop during production. intermittent operation
floor (Pareto diagram). Production facility and by optimizing of
Production quantity model with high loss production planning”
and power generation: production from a list of
consumption model 11 of production 10 candidate
time-series data at daily facility No. 3. improvement measures.
intervals for production Amount of loss e Amount of loss
facility No. 3 generation: 146 [kWh]. generation: 146 [kWh].
(Scatter diagram). Loss reduction: 40 [%].
Hourly power Investment cost:
consumption and 100,000 [JPY].
production quantity
time-series data for
production facility
No. 3 (loss
calculation program).
Subject C1 Power consumption Test subject C1 tried to e  Subject C1 selected 50
and loss amount data at calculate but was unable “Centralized (Time up)

daily intervals for
production facilities
Nos. 1to 3

(Scatter diagram).
Production quantity
and power
consumption
time-series data at daily
intervals for production
facility Nos. 1 to 3 (loss
calculation program).

to calculate the amount
of power consumption
loss by type.

intermittent operation
by optimizing of
production planning.”
from a list of

10 candidate
improvement measures.
Amount of loss
generation: -

Loss reduction: 40 [%].
Investment cost:
100,000 [JPY].
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Table 5. Cont.

Data to be Entered

Calculation Result of

Data to Be Entered into the

Execution

Test Subject into Digital Tools Power Consumption Loss Return on Tu.ne
Investment Formula [min]
Subject C2 e  Power consumption e  Test subject C2 did not e  Subject C2 selected 46
data at daily intervals calculate the amount of “Reducing standby
for production facility power consumption loss. power consumption by
No. 1 (Pareto diagram). changing internal setup
e  Production quantity changes to external
and power setup changes.” from a
consumption list of 10 candidate
time-series data at daily improvement measures.
intervals for production e Amount of
facility No. 1 (loss loss generation: -
calculation program). Loss reduction: 100 [%].
e Power consumption Investment cost:
loss amount data at 700,000 [JPY].
daily intervals for
production facility
No. 1 (Radar chart).
Subject C3 o  Test subject 3 did not o  Test subject C3 tried to e  Subject C2 selected 50
use digital tools. calculate but was unable “Reducing standby (Time up)

to calculate the amount
of power consumption

loss by type.

power by standardizing
the use of jigs and
tools” from a list of

10 candidate
improvement measures.
Amount of loss
generation: -

Loss reduction: 40 [%].
Investment cost:

50,000 [JPY].

Exemplar .
(if activities

are in line

with those of
skilled .
consultants
according to

the domain-
specific GCPM)

Average power
consumption per
month for each shop
floor (Pareto diagram).
Production quantity
and power
consumption
time-series data at daily
intervals for production
facilities Nos. 1 to 3
(Scatter diagram).
Hourly power
consumption and
production quantity
time-series data for
production facilities
Nos. 1 to 3 (loss
calculation program).

e Loss type: Short time
stops loss
during production.

e  Production facility and
model with high loss
generation: production
model 11 of production
facility No. 3.

e Amount of loss
generation: 146 [kWh].

o Subject B2 selected -
“Centralized
intermittent operation
by optimizing of
production planning”
from a list of

10 candidate
improvement measures.
Amount of loss
generation: 146 [kWh].
Loss reduction: 40 [%].
Investment cost:
100,000 [JPY].

Furthermore, it was observed that for Subjects B1 to B3, who utilized the domain-
specific GCPM, the total consultation time was reduced by approximately 14%. However,
considering the time constraints set at a maximum of 50 min and the fact that subjects
C1 and C3 terminated their activities prematurely due to time constraints, the actual time
expended was likely even shorter.
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8. Discussions

Drawing upon the experimental findings outlined in Section 7, this section delves
into the intricacies surrounding knowledge transfer within traditional OJT, scrutinizes
the viability of bolstering OJT through the proposed methodology, and assesses both the
limitations of and potential enhancements to the proposed approach.

8.1. Knowledge Transfer through Traditional OJT

The findings from the OJT for energy-saving improvement consulting in
Experiment 1 revealed that Knowledge 1 and 3, identified as challenging to transmit
in Section 2.3, appeared to have been effectively conveyed from skilled consultants to
unskilled consultants during the preliminary learning phase. These aspects did not emerge
as areas of uncertainty following the completion of the activity. However, the knowledge
derived from the experiments detailed in Section 7.1.5, which exhibited inadequate transfer
to non-skilled consultants, pertained to the application of improvement knowledge and
process flows to real-world scenarios, aligning with Knowledge 2 and 4 as delineated in
Section 2.3, which are notably challenging to impart.

Based on these outcomes, it was evident that despite prolonged direct guidance
from skilled consultants spanning several months, a disparity and constraint persisted in
bridging the gap between disseminating information such as textbook terminology, tool
definitions, and general procedures and their practical application in real-world contexts.
This observation resonates with the findings of previous studies on microlearning high-
lighted in Section 3.2.2 [28,30], suggesting that knowledge transfer becomes arduous when
instruction is prolonged and unidirectional, with minimal opportunities for trial and error
on the part of the instruction recipient.

8.2. OJT Support Using the Proposed Method

In essence, the utilization of the domain-specific GCPM embedded within the pro-
posed methodology facilitates the transfer of knowledge aligned with Knowledge 2 and 4,
which are notoriously challenging to impart to unskilled consultants, as elucidated in
Section 2.3. This includes conveying the utilization and intent behind specialized improve-
ment measures and tools, as well as elucidating how to apply the general process flow to
real-world scenarios. Subjects B1 to B3, leveraging the domain-specific GCPM, exhibited a
tendency to effectively convey knowledge elements (a), (c), and (d) to a degree that proved
challenging in Experiment 1 with Subject A, as delineated in Section 7.1.4. Therefore, the
utilization of the domain-specific GCPM within the proposed methodology holds promise
for facilitating the transfer of knowledge corresponding to Knowledge 2 and 4. It was
observed that subjects B1 to B3 in the present experiment conducted consultation activities
and articulated their findings in a systematic and coherent manner. This proficiency can be
attributed to the fact that they referenced the domain-specific GCPM for energy-saving im-
provement throughout their activities. This exemplifies a typical application of D3, wherein
consultants review and refine their processes as necessary. Unlike engineers tasked with
developing their own technology, consultants, whose primary objective is to communicate
results to clients, can benefit from leveraging the detailed descriptions outlined in the
domain-specific GCPM as a form of reference, or “memo”, aiding in the elaboration of
analysis details.

Furthermore, subjects C1 to C3 demonstrated the ability to recall pertinent information
during consulting activities and adapt their analysis strategies based on the obtained results.
Conversely, subjects Bl to B3 seemed to expedite the process of deriving improvement
plans with minimal rework, facilitated by the systematic review of actions outlined in
the domain-specific GCPM for energy-saving improvement throughout their consulting
activities. This discrepancy can be attributed to the structured and organized efforts of
skilled consultants, facilitated by the repeated structure of the GCPM, which affords a
comprehensive overview of the entire workflow. In essence, this underscores the originality
and efficacy of the proposed approach.
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During the experiment, subjects B1-B3 used the domain-specific GCPM for energy
conservation improvement, primarily in the following five situations:

(1) Check the contents of the next action to be taken, which is currently underway.

(2) Understand the position of the current action by checking the action to be taken later
and working backward from it.

(3) Identify knowledge that will be useful when reading tables and graphs that will be
output when actions are taken.

(4) Distinguish between thinking in one’s mind and analyzing data mechanically.

(5) Use it as an aid to explain the process and reasons for the analysis.

Of the above five uses, (3)—(5) are considered the most effective in terms of the process
description using PD3. Examples (3) and (5) describe the reasons for deriving information and
the intention to take action, and (4) describes the effect of separating the information, physical
world, and world of intelligent activity. On the other hand, (1) and (2) are the effects of the
GCPM, which facilitate an overview of the entire process flow, as described above.

While not the primary focus of this experiment, it is noteworthy that subjects utilizing
the domain-specific GCPM tended to exhibit shorter consulting execution times compared
to those who did not utilize GCPM. This observation suggests that GCPM has the potential
not only to mitigate omissions in knowledge transfer but also to streamline consulting
processes, resulting in reduced man-hours. Consequently, this indicates the potential
applicability of GCPM in future consultation activities.

8.3. Limitations and Improvements of the Proposed Method

In the experiment, when subject B1 used the power consumption loss calculation
program, she did not select the input data described in the domain-specific GCPM for
energy-saving improvement.

This suggests that the description of the action in question was inadequate, highlight-
ing the need to enhance the clarity and comprehensibility of the intent and data utilized
within the description. Furthermore, it is advantageous to increase the number of unskilled
consultants utilizing the GCPM, as this enables the identification of requirements for refin-
ing a domain-specific GCPM that is more user-friendly. By engaging multiple unskilled
consultants in GCPM usage, valuable insights can be gleaned to inform the development
of a more accessible and effective tool. In addition, by having skilled consultants use and
evaluate this domain-specific GCPM, it would be possible for them to consider the process
for more efficient and effective consulting.

Moreover, to elucidate the distinctive attributes of the domain-specific GCPM for
energy-saving improvement, a valuable approach would involve scrutinizing the disparities
among various historical work procedures. Even if consulting activities adhere to the
procedural guidelines delineated at a similar level of abstraction as the domain-specific
GCPM for energy-saving improvement, it may still be challenging to discern the underlying
intentions behind each task. Consequently, when articulating the analysis process in the
final report to the client, discrepancies may arise in the explanation provided.

9. Conclusions

The primary objective of this study is to systematize a method for production system
consultation aimed at bolstering the training of unskilled production systems consultants.
As a first step, our previous study formalized the knowledge possessed by skilled con-
sultants regarding improvement processes. In this paper, based on the aforementioned
results, we conducted an experiment to ascertain whether knowledge that traditionally
proves challenging to transfer via conventional OJT could be effectively transferred by in-
troducing an OJT approach that incorporates this formalized process knowledge, enabling
unskilled consultants to emulate them. In this regard, the application of the D3 concept to
production systems consulting was deemed pertinent, as the framework aligns with the
objective of supporting OJT for unskilled production systems consultants by facilitating
the reuse of decision-making processes by skilled engineers. Given the multifaceted nature



Systems 2024, 12, 179

22 of 24

References

of problem-solving inherent in production system consulting, we propose an OJT support
method for unskilled consultants by integrating the GCPM, a comprehensive consulting
process pattern previously validated by the authors. In anticipation of validating this
proposed method, a case study focusing on OJT for energy conservation improvement was
conducted to concretize knowledge that is challenging to impart to unskilled consultants.
Subsequently, a domain-specific GCPM tailored for energy-saving improvement was de-
veloped according to the method that was proposed in the authors” previous study. To
evaluate the efficacy of the proposed method, unskilled consultants were instructed on the
intricacies of improvement tools, their utilization, and general improvement procedures.
Through experiments, the degree of transfer of challenging-to-impart knowledge was
assessed, contingent upon the utilization of a domain-specific GCPM. The results indicated
that subjects (B1 to B3) utilizing the domain-specific GCPM consistently employed the
same data, information, and procedures in their consulting activities as those used by
skilled consultants. In contrast, non-users (subjects C1-C3) demonstrated divergence in
their approach across all evaluation criteria compared to skilled consultants.

Thus, the utilization of domain-specific GCPM appeared to expedite the process of
deriving improvement plans while minimizing rework by systematically reviewing energy
conservation improvement actions. This discrepancy can be attributed to the structured and
organized efforts of skilled consultants, facilitated by the repeated structure of the GCPM,
which affords a comprehensive overview of the entire workflow. This is the originality of
the proposed method and underscores its effectiveness against traditional OJT.

On the other hand, the following are future works to be addressed in systematizing
methods to support the training of production systems consultants. Addressing these
works will contribute to improving the level, standardizing, and saving time of OJT for
production systems consultants in the future.

e  Verifying whether the GCPM for energy-saving improvement developed in this study
can be used in other scenarios.

e  Verification of whether the proposed method can be used to construct domain-specific
GCPM for improvement purposes other than energy efficiency.
Labor-saving in writing log-level descriptions.
Labor savings in the process of constructing domain-specific GCPM from
log-level descriptions.
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