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Macpa-based job stress assesment of subway construction workers

Joung Sik Chae

Department of safety engineering, the graduate school,
Pukyong national university

Abstract

South korea will soon be a super-aged society, with more than 20.6% of its
population being aged 65 or more by 2025. As of 2022, the percentage of the
population aged 65 and above accounts for 17.5% of the total population, which
already passed an aged society whose definition is a society where more than
14% of the population is 65 years or older. Accordingly, the proportion of the
elderly has increased among subway construction workers. Aging of workers will
have a negative impact on job stress and work ability. Consequently, a measure
to gauge the job stress management and work ability of subway construction site
workers is required. This study aims to identify factors that may affect the work
ability of subway construction workers and to develop a measure to manage
stress for workers working on various aspects of subway construction.

We measured the macpa stress index using a macpa measurement device and
surveyed the Korean work stress measurement tool (simplifed version) and work
ability. The macpa measurement device is used to inspect vascular health and
stress through macpa signal analysis. As previous studies showed, the macpa
stress index correlates with job stress. The korean job stress measurement tool,
developed by the korea occupational safety and health agency, was used to
measure job-related stress, while the work ability survey questionnaire
developed by the finnish institute of occupational health was used to measure
work ability.

As the statistics in this study could not be easily represented by a normal
distribution, we used the Kruskal-Wallis and Post-hoc method, which are
nonparametric statistical methods. As a previous study demonstrated, the macpa
stress index had a significant correlation with korean job stress and work ability
index, with the stress index being higher and work ability lower as age increased.

The lowest macpa stress index was found in construction machinery operators
whereas the highest was in craftman. In terms of work ability, managers had the

— viil —



highest whereas general workers had the lowest. Among the work type, tunnel
work, water-proofing work, and structure work had the high macpa stress index
without any significant difference whereas earthwork had the lowest. For the work
ability, water-proofing work had the highest macpa stress index whereas
earthwork had the lowest. Among the employment type, casual workers
demonstrated the highest macpa stress.

These results indicate that manuals must be developed to reduce job stress and
improve work ability for subway construction workers. Further research into ways
to manage job stress and work ability is also needed.

Key Words : macpa, job stress, work ability, subway construction
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Fig. 1 Population pyramid
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Fig. 2 Time to enter the aged society at aging society
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Table. 1 Policy contents of the framework act on low birth rate and aging society **.

4 el &

22)

Aging society policy

content

Employment and
income security

Establishment of a retirement income security system
and creation of jobs suitable for the elderly

Health Promotion
Team and Health
care Delivery

Develop medical and medical care systems for the
elderly and expand necessary facilities and human
resources

Living environment
and security

Measures shall be taken to create a comfortable
living environment for old age and to protect the
elderly from disasters and crimes.

Encouragement of
leisure culture and
social activities

Encouraging leisure and cultural activities in old age
and laying the groundwork for them

Lifelong Education
and Informatization

Provision of lifelong learning education opportunities
and development and dissemination of
informatization education programs

Aging Design

Measures to participate in finance, health, and
society in order to design a vibrant old age

Helping the
vulnerable elderly

Consideration and assistance for the elderly in the
vulnerable class

Promoting Family

Relationships and

Intergenerational
Understanding

Promoting intergenerational exchanges and
promoting intergenerational understanding

Economy and
industry

Establishment and implementation of policies
according to population aging

Development of
Age-Friendly
Industries

Development of measures for the development and
distribution of necessary supplies for the elderly
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Fig. 3 Trends in the composition ratio of the production ago
population in the World and Korea
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Table. 2 Parameter contents of time domain variables and frequency

domain variables

Sortation

Parameter Contents

T i m e
Domain
Variables

SDNN Standard deviation of all NN intervals

The square root the mean of the sum of the

RMSSD squares Of differences between NN

intervals

adjacent

Standard
adjacent NN intervals

deviation of differences between

SDSD

NN50
count

Number of pairs of adjacent NN intervals differing
by more than 50 ms in the entire recording

NN50 count divided by the total number of all

pNN50 i
NN intervals

Frequency
Domain
Variables

TP 5 min total power

VLF Power in very low frequency range

LF Power in low frequency range

HF Power in high frequency range

LFnorm LF power in normalised units

HFnorm HF power in normalised units

LF/HF Ratio LF (ms2) / HF (ms2)




Table 3. Age ranges and cutoff valuse for time domain variables

Heart Rate SDNN SDANN SDNN index Ln RMSSD
Range | Lower | Upper | Lower | Upper | Lower | Upper | Lower | Upper | Lower | Upper
10-20 64.01 99.99 9439 | 265.65 | 7899 | 247.28 | 4242 | 112.17 3.06 4.56
21-30 62.52 98.50 88.71 | 249.67 | 7424 | 23241 | 36.79 | 106.54 293 4.44
31-40 61.03 97.01 83.37 | 23466 | 69.78 | 21843 | 31.16 | 100.91 2.80 431
41-50 59.54 95.53 78.36 | 220.54 | 65.58 | 20530 | 25.53 95.28 2.68 418
51-60 58.06 94.04 7364 | 207.27 | 6164 | 19295 | 19.90 89.65 2.55 4.05
61-70 56.57 92.55 69.21 | 19481 | 5793 | 18135 | 14.26 84.01 242 3.93
Table 4. Age ranges and cutoff valuse for frequency domain variables
tn Total Ln ULF Ln5-min LnS-min | s-min LF | LnS-min HE | Ln LE/HF
power Total power VLF
Range | Lower | Upper | Lower | Upper | Lower | Upper | Lower | Upper | Lower | Upper | Lower | Upper | Lower | Upper
21-30 9.12 11.05 8.80 10.88 7.57 947 7.04 8.98 6.24 8.30 4.56 7.79 0.20 1.99
31-40 8.97 10.90 8.67 10.74 7.36 9.27 6.84 8.77 6.08 8.14 419 742 041 221
41-50 8.82 10.75 8.53 10.60 7.16 9.07 6.64 8.57 593 7.99 3.82 7.05 0.63 242
51-60 8.67 10.60 8.39 10.47 6.96 8.87 643 8.37 577 7.83 345 6.68 0.84 2.64
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Table 5. Job stress questionnaire items (short-form)

)

’

Q)
=

4, A A oz FAE o] 9tk Table 590 7

Items

Contents

Job demand

Time pressure

Increasing workload

Insufficient rest

Multiple functioning

Insufficient job control

Noncreative work

Skill underutilization

Little or no decision-making

Low control

Interpersonal conflict

Inadequate supervisor support

Inadequate coworker support

lack of emotional support

Job insecurity

Uncertainty

Changes negative to my job

Organizational system

Unfair organizational policy

Unsatisfactory organizational support

Inter-department conflict

Limitation of communication

Lack of reward

Unsatisfactory salary

Future ambiguity

Interruption of opportunity

Occupational climate

Collective culture

Inconsistency of job order

Authoritarian climate

Gender discrimination
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Table 6. Reference values of occupational stress (Short form)

Items Reference values

Subscales Gender | Low25% | Low50% | High50% | High25%

Male ~41.6 |41.7~50.0/50.1~58.3] 584~

Job demand
Female | ~50.0 |50.1~58.3/58.4~66.6| 66.7~

Male ~41.6 |41.7~50.0/50.1~66.6, 66.7~

Insufficient job control
Female | ~50.0 |50.1~58.3/58.4~66.6| 66.7~

Interpersonal conflict |[Common - ~33.3 |334~444| 445~

Male ~33.3 |33.4~50.0/50.1~66.6| 66.7~

Job insecurity
Female — ~33.3 |334~50.0, 501~

Organizational system [Common| ~41.6 |41.7~50.0/50.1~66.6| 66.7~

Male ~33.3 |33.4~55.5/55.6~66.6| 66.7~

Lack of reward
Female | ~444 |445~55.5/55.6~66.6| 66.7~

Occupational climate |Common| ~33.3 |33.4~41.6/41.7~50.0, 50.1~

Male ~42.4 |425~48.4\/48.5~54.7| 54.8~

Short form Total
Female | ~444 |445~50.0/50.1~55.6| 56.0~
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Level
Poor
Moderate
Good
Excellent

~27
28~36
37~43

44~

WAL score

WAI 2% Edition(1998)

Table 7. Change in WAI level

Level
Poor
Moderate
Good

~27
28~43

WAI 15t Edition(1994)
44~

WAL score
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Table 8. Distribution by dimension of WAI

. : Number of | Scoring of the
Dimension Items )
questions responses
Current work ability compared . .
WAL 1 with the lifetime best 1 0~10 point
Work ability in relation to the . -
WAL 2 demands of the job 2 2~10 point
Estimated work impairment . -
WAL 3 due to diseases 1 1~6 point
Sick leave during the past year . .
WAI 4 (12 months) 1 1~5 point
Own prognosis of work ability 1 4
WAL 5 one years from now 1 or 7 point
Mental resources
(note: item 6 refers to the . :
WAL 6 work’s life in general, both at > 1~4 point
work and during leisure time
Total 7~42 point
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Countermeasure
Maintain
Support

Improvement
Reclaim

WAL Level
Excellent
Good
Moderate
Poor

37 ~ 42
30 ~ 36
21 ~ 29
7 ~ 20

Table 9. Work ability levels and countermeasures by score of WAI
WAI Score
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Table 10. Demographic distribution of subjects

Sortation N#) %
45 lower 49 13.8
45~54 94 26.4
Age
55~64 183 514
65 higher 30 8.4
5 lower 71 19.9
6~10 78 219
Year of service 11~15 59 16.6
16~20 67 18.8
21 higher 81 22.8
Man 344 96.6
Gender
Woman 12 34
Manager 36 10.1
Skilled worker 212 59.6
Job position :
Machine operator 79 22
Ordinary worker 29 8.1
Daily worker 297 83.4
Employment type -
Regular occupation 59 16.6
Civil worker 36 101
Temporary worker 20 5.6
Tunnel worker 84 23.6
Working type
Waterproof worker 9 2.5
Structure worker 183 514
Special form worker 24 6.8
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Table 11 Variables

Independent variables Dependent variables
" Age . * Macpa stress index
* Year of service
* Gender

« Job position * Job stress

* Type of employment

« Type of working * WAI
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Table 12. Analysis of the macpa stress index by the age

Number of Macpa stress Index
Age o
people (#) Median Avg. Rank
45
younger 49 43 96
46~54 94 56 175
55~64 183 58 196
65 older 30 61 299
P-value 0.0001
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Table 13. Analysis of the macpa stress index by year of service

Year of Number of Macpa stress Index
service people (#) Median Avg. Rank
5 lower 71 53 156
6~10 78 58 178
11~15 59 58 191
16~20 67 60 206

21 higher 81 56 168

P-value 0.0409
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Table 14. Analysis of the macpa stress index by job position

jN— Number of Macpa stress Index
people (#) Median Avg. Rank
Manager 36 56 167
Skilled worker 212 59 194
Machine operator 79 52 149
Ordinary worker 29 55 163
P-value 0.0056
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WA 3 84%(207%)9l AEgAo] WM EHL A5 Pl

AGFH el e Myl AEYS AFE 243 A= Table 159 2



Table 15. Analysis of the macpa stress index by employment type.
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Table 16. Analysis of the macpa stress index by working type.

Macpa stress Index

. Number of
Working type le @)
S Median Avg. Rank
Earthworks 36 52 139
Temporary
worker 20 55 153
Tunnel worker 84 57 181
Waterproof
worker 9 >4 169
Structure worker 183 58 191
Special form
wafkdr 24 56 159
P-value 0.0670
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Table 17. Analysis of the korean job stress by the age

Number of Korean job stress
Age le (#)
(s Median Avg. Rank
45
younger 49 64 131
65 older 30 71 933
P-value 0.0003
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Table 18. Analysis of the korean job stress by the year of service

Year of Number of Koreahg job stress
service people (#)
Median Avg. Rank

5 lower 71 68 165
6~10 78 69 183
11~15 59 69 177
16~20 67 68 174

21 higher 81 70 191

P-value 0.6238
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Table 19. Analysis of the korean job stress by the Job position
Korean job stress
i Number of
Job position
people (#) |
Median Avg. Rank
Manager 36 66 133
Skilled worker 212 69 195
Machine operate 79 69 167
Ordinary worker 29 65 149
P-value 0.0014
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Table 20. Analysis of the korean job stress by the employment type
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Table 21. Analysis of the korean job stress by the working type

W NUMBeroT Korean job stress
people (#) Median Avg. Rank
Civil worker 36 66 162
Temporary worker 20 66 148
Tunnel worker 84 68 178
Waterproof worker 9 54 126
Structure worker 183 70 194
Special form worker 24 64 134
P-value 0.1701
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Table 22. Analysis of the work ability by the age

Work Ability Index
Number of Y
Age
people (#) .
Median Avg. Rank
45 49 3 194
younger
46~55 94 38 186
56~64 183 37 177
65 older 30 35 139
P-value 0.0016
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Table 23. Analysis of the work ability by the year of service
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230
183
158

Avg. Rank
141

Work Ability Index
0.0008

Median
39
37
36
36

Number of
people (#)
36
212
79
29

Table 24. Analysis of the work ability by the job position
P-value

Job position
Manager
Skilled worker
Machine operate
Ordinary worker
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Table 25. Analysis of the work ability by the employment type
Work Ability Index
Number of
Employment type
people (#)
Median Avg. Rank
Days worker 297 37 170
Regular occupation 59 39 224
P-value 0.0002




Table 26. Analysis of the work ability by the working type

Workhd e Number of Work Ability Index
RERR Median Avg. Rank
Civil worker 36 36 168
Temporary worker 20 37 186
Tunnel worker 84 37 169
Wateproo : 1
Structure worker 183 37 179
Etc. 24 37 184
P-value 0.1701
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