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.l,‘ELECTiIC!?SHI Skill transfer problem

Changes for the Betrer

* Declining working age population, Aging working force

* Percentage of companies with issues in human resource: 82.8% (2022)

212-3 ERAEE (65MLLE) HMOME 82221 BENRRCAMEMRICEYT SMESH S BREIOTESDHE

B % (%)
250 116 100

- - - e 114 o 26 3 803 M8 I

200 . AT e 80r 70 713 . 713 MHA rag 759 PPN 1 (™Y Lo 8TV oS iy 784

o 12 AL =¥ 15 e M —1 TIA7E8 LY — | ™1 r 1
70
150 b s e g5 87 88 BB BA 37 86 4| C 60
. e T 50

) el
100 . S —— e — B - ’ 40
51 34 27 : Freaavi s
——— — 30
B A . ~— | | 14
sofie [ ’ ‘ [ = ga| (84| |94l [oa! ot] loo] | 20
) (ool 8 62 ol (71| 74 ool las! lesl (70l 78l 81| % ¥ | ‘1 e ’88‘3' it
oM=L ,..4,,,.‘nf..k,,.‘,‘,, L L [t SR S N L I s oo TR SUUUY B DR DY A )\ 0 | | | l I
T 02 U3 Ds 05 06 07 08 9 W0 1 12 13 14 15 16 17 18 19 20 2% 22 23 0 09 10 " 12 13 14 15 16 7 18 19 20 21 22
T e
CO6SMUEOMRER (WAR) -~ GSMULOMS (LEM) ~e- ESRMUTOMSE (MER - ESMULOMS (EREN) [O2me 0 wew

* Especially, the problem is serious for skilled workers
* Requiring long period to acquiring skills through OJT (On the Job Training)

* Current countermeasures
» Translating knowhow into guidelines, documents, and databases
» Still challenging to transfer skills efficiently

Source: 2024 Monozukuri White Paper 2
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I‘ELECTHIC TRe'  Routine expertise and Adaptive expertise

Changes for the Betrer

Routine expertise Adaptive expertise
Executing tasks quickly and The ability to respond flexibly to
accurately unexpected situation and recover to a

high level of performance

Automation and mechanization
has been introduced in this area

Variable production and diverse market
needs = Importance of Adaptability

Documentation has been applied To establish tacit knowledge in workers
to this type of knowledge Longer period is required

Research objective:
Unraveling the process of adaptive expertise to promote skill transfer

Hatano, G., & Inagaki, K. (1986). Two courses of expertise. Child Development and Education in Japan, 262-272.
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AELECTFHC TRiC | Approach based on Resilience Engineering

Changes for the Betrer

* This study adopts an approach based on resilience engineering
» Modeling and analyzing socio-technical systems

» Focusing on adaptive behavior of human operators

Socio-technical systems Examples
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. MITSUBISHI

mwEeLECTRIC Approach based on Resilience Engineering

Changes for the Betrer

* This study adopts an approach based on resilience engineering

» Modeling and analyzing socio-technical systems

» Focusing on adaptive behavior of human operators

Socio-technical systems

Environmental factor

Technical
factor

@f Organization
factor

Human
factor

v

Workers in
Socio-technical systems

v" The ability to adapt to various

factors and adjust one's own
work

Many cases analyzing
adaptive behavior of workers

using FRAM

v" Consistent with the purpose

of this study to model
adaptive expertise 5
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l’.‘ M ECTRIC Managing adaptive knowledge

Changes for the Betrer

* Objective: Development of a practical method for organizing the adaptive knowledge
» Traditional knowledge management is limited in managing adaptive knowledge
* Background: Risk assessment by comparing WAI and WAD [Clay-Williams et al., 2015]
» Work-As-Imagined : How the system was designed

» Work-As-Done : How the system is actually operated

Work according to the procedure manual Actual work

Question: How often do you see the gap between WAI and WAD in your own field?

We can often see the gap between WAI and WAD in manufacturing worksites...

e Concept: Manage the gap between WAI and WAD for knowledge management

Clay-Williams, R., Hounsgaard, J., & Hollnagel, E. (2015). Where the rubber meets the road: using FRAM to align work-as-imagined with
work-as-done when implementing clinical guidelines. Implementation Science, 10(1), 125.
Yasue, N., Sato, G., & Sawaragi, T. (2026). Extracting knowledge of workers by identifying performance variability using functional 6

resonance analysis method. Submitted to Reliability Engineering & System Safety. © Mitsubishi Electrc Corporation



l’.‘ELECTéiCI?SHI Approach of this study

Changes for the Betrer

Step 1 Step 2
FRAM model of Work-as-Imagined FRAM model of Work-as-Done
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Step 3

Simulation study: Investigating the effect of differential functions on work performance

Case study Compounded semiconductor, Wet-etching work
Place the wafer on the jig and immerse them in the chemical solution
| - Width

|| | |7—Iﬂl—lﬂ-|7

2 2 N
Wafer )

After resist development Wet etching Removing photoresist 7
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.I"ELM ECTRIC Step 1: WAI model

Changes for the Betrer
1. Identifying basic work steps from work procedure document

2. Modeling FRAM model jointly with the manager in charge of
the work procedure document

. -

S i

Snapshot of the screen during the joint FRAM model building 8
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AELECTHC""'EHSH' Step 1: WAI model

Changes for the Betrer

1. Identifying basic work steps from work procedure document

2. Modeling FRAM model jointly with the manager

Preparation

Preparation

for etching Shake the

wafer for
etching

Washing

Cleanup
work

Operate
managemen
t system

Wash the
wafer with
methanol
No.1

Perform
Etching

Rinse the
wafer with
shower
water

Wash the
wafer with
methanol
No.2

Check
operational
information

Wash the
wafer with
water

Etching

Question: What kinds of differences do you think might appear in Work-as-Done? 9
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'.IELM ECTRIC Step 2: WAD model

Changes for the Betrer

1. Recording etching work—> Interview with workers — lf
2. ldentifying discrepancies between work procedure and actual work
3. Building WAD FRAM model based on WAI model

Participants '9‘ /j/l/‘
* Five workers in charge of the target work (B. C. F. G. H) - =

> Experienced (Work experience > 10years) :2 (B. C)
> Mid-level (Work experience >3 vyears) :2 (F. G)
> Novice ( Work experience <3vyears) :1 (H)

* Also focusing on groups in the working schedule
» Group X: B, F, and H
» Group Y: Cand G

10
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"‘Eacmcalsm WAD model

Changes for the Betrer

* List up the activities that were not included in the work procedure

* Select five activities that were common to the multiple workers

* Visualize those five points with five blue functions

Understand
etching
reactions

Preparation
for etching

Shake the
wafer for
etching

Monitor
wafer

Operate
managemen
t system

Wash the
wafer with
methanol
No.1

Cleanup

Perform work

etching

Rinse the
wafer with
shower
water

Wash the
wafer with
methanol
No.2

Check
operational
information

Wash the
wafer with
water

Place the
wafer on
the jig

11
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"‘E'Tsulecm?"’“' WAD model

Changes for the Betrer

e Visualize five points in WAD with five blue functions

® © o

Orientation for
1 placing the wafer on
the jig (BCFH)

o/ o/

Align the wafer orientation with the jig
The wafer orientation affects the uniformity of the etching

Monitor
wafer

Operate
managemen
t system

Wash the
wafer with
methanol
No.1 p—

Cleanup

Perform work

etching

Rinse the
wafer with
shower
water

Wash the
wafer with
methanol
No.2

Check
operational
information

Wash the
wafer with
water

Place the
wafer on
the jig

12
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A%‘ WAD model

Changes for the Betrer

e Visualize five points in WAD with five blue functions

See Understand

metronome etching
) and reactions
Preparation stopwatch

for etching
Shake the
wafer for
etching Monit

onitor
wafer

Operate
managemen
t system

Wash the
wafer with
methanol
No.1 p—

Perform
etching

Wash the
wafer with
methanol
No.2

Check
operational
information

Cleanup
work

Rinse the
wafer with
shower
water
m

Managing the Use a metronome to keep time with the swinging rhythm
etching time (BCG)  Use a stopwatch to fine-tune the timing of the pull-up

13
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A%‘ WAD model

Changes for the Betrer

e Visualize five points in WAD with five blue functions

Understand
etching
reactions

Preparation
for etching

Shake the
wafer for

etching
Cleanu
@ P
0

b
| /)
| Nof_ em N sk

Shaking the wafer surface with an awareness of the flow of the
Attention to shaking chemical solution

the jig (CFG)

Monitor

Operate
managemen
t system

7 waller with

Understanding the chemical reaction

= Adjusting the wafer shaking
L4

Place the
wafer on
the jig

Manage task

I wafer with (¢}
order =

water

® ®

14
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"‘E'Tsulecm?"’“' WAD model

Changes for the Betrer

e Visualize five points in WAD with five blue functions

Understand
etching
reactions

Preparation
for etching

Shake the
wafer for
etching

Monitor
wafer

Operate
managemen
t system

Wash the
wafer with
methanol
No.1

Cleanup
work

Perform
etching

Evaluating whether the etching has been successful by

Observing the wafer .
5 observing the wafer surface

surface (CF)

= Enhancing understanding of wafer surface etching

vvailei ikl

Place the
wafer on
the jig

Manage task § = —
order

15
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A%‘ WAD model

Changes for the Betrer

e Visualize five points in WAD with five blue functions

jl lndnrcf:nd)\

@ © See —
Cleaning order . :
Management of the task order for cleaning and etching
5 management :
Management of multiple wafers

(BCFGH)
% : ® ® } :
Operate \ A |/ . ®) ®

managemen
t system

Cleanup
work

Wash the
wafer with

methanol
No.1 p—

Perform
etching

Rinse the
wafer with
shower
water

Wash the
wafer with
methanol
No.2

Check
operational
information

Wash the
wafer with
water

Place the
wafer on
the jig

16
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}‘ELECT;IC!!SHl Step 3: Simulation study

Changes for the Betrer

e Simulation method :

Envision the work performance after the variability was introduced
* Considering the variability of time constraint
Represented by: CPC No.8 “Available time”

Work-as-lmagined model Work-as-Done model

Considering same variability in the simulation scenario 5
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.l',‘ELECTFﬂC e simulation method based on FRAM

Changes for the Betrer

* Analyzing the Effects of “Variabilities" in Complex Socio-Technical Systems[Hirose, 2020]
» Variability: Factors affecting system performance

 Difficult to extract by decomposing into knowledge elements:
Model the behavior of dynamic complex adaptive systems in which workers interact with

the environment and adapt to environmental fluctuations s
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http://functionalresonance.com/FMV/model-animation.html

Hirose, T., & Sawaragi, T. (2020). Extended FRAM model based on cellular automaton to clarify complexity of socio-technical 18
systems and improve their safety. Safety Science, 123, 104556.
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I‘ELECTFHC e’ Simulation results (WAI vs. WAD)

Changes for the Betrer

Not recovered from variability

Work-as-Imagined model

Work-as-Done model

Recovered from variability

0 : : : :
Preparation for etching = Preparation for etching =
Operate management system = Operate management system =
Check operational information
Preliminary etching
e N Ot recove red """ Oscillate the wafer for preliminary etching
Wasi e warer T e anor oo Wash the wafer with methanol NQ.1
Wash the wafer with methanol N rom— Wash the wafer with methanol NQ.2 =
Wash the wafer with w rem— Wash the wafer with water  m—
) A Rinse the wafer with shower w e | L Rinse the wafer with shower water = |
Cleanup' Cleanup work ==
Place the wafer on the jig
See metronome and stopwatch
Under a— " "
e N ) - s
Recovered =
-4 - 3 ’ ‘
5 -
5 10 15 20 10 15 20
Simulation Time [-] Simulation Time [-]
Variability introduced Variability introduced
Functions in WAD contributed to the resilient performance 19
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"‘Escmc TG Identifying critical functions with QCA approach

Changes for the Betrer

* Qualitative Comparative Analysis (QCA) approach
Systematically investigates similarities and differences among cases

corrozion
reactions

Shake the
wafer for

etching

Monitor
etching

Wash the
wafer with
methanol

Operate
managemen
t system

Rinse the
wafer with
shower
water

wafer with
methanol
No.2

Check
operational
information

waferon
the jig

20
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1X
2 X
3 X
4 X

5 X

Exploring important functions (combinations)
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Numbers show the function IDs in WAD model
O : Recovered from variability

X : Not recovered

FRAM model gets resilient when
two functions from ID 1, 2, 4, 5 were activated

Except ID 4 and 5
21

© Mitsubishi Electric Corporation



¢ miTsuBisHI . ]
A" ELECTRIC Discussion

Changes for the Betrer

Wafer orientation Align the wafer orientation with the jig
on the jig The wafer orientation affects the uniformity of the etching
5 Managing the Use a metronome to keep time with the swinging rhythm
etching time Use a stopwatch to fine-tune the timing of the pull-up
5 Cleaning order Management of the task order for cleaning and etching
management Management of multiple wafers

* Focus group: Discussion with the work managers

Functions of the expert workers: ID 1 and 2

» Both of them contribute to the Quality of the etching work

> Experienced workers enhance etching quality with these functions

Functions of the work group X : 1,5

Functions of the work group Y : 2,5
» Functions 1 and 2 = Quality, Function 5 = Efficiency

> Resilient work performance under the time related variability

with the combination of those functions (ETTO principle)

22
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Changes for the Betrer

* Developing a practical method to systematically extract knowledge
* Comparing WAl and WAD using FRAM

» ldentifying critical functions and functional couplings

* Adaptive skills: Workers adapt to the situation

with functional resonance of multiple functions

» Difficult to extract with conventional knowledge management

Building and modifying Simulations
FRAM model gy E2len o ctehing —

uuuuuuu Check operational information

Preliminary etching
-1 Oscillate the wafer for preliminary etching -
Wash the wafer with methanol No.1 ===
Wash the wafer with methanol N.2 =
Wash the wafer with water —
ol Rinse the wafer with shower water w—

Cleanup work =
Place the wafer on the jig
See metronome and stopwatch
Understand wafer corrosion reactions
-3 Monitor etching -
Manage task order =

N

A\
AN
o~

o
&

10 15 20

Simulation Time [-]

Question: If these WAD functions are important for resilience,
how should organizations treat them? 23
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