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Abstract. Finishing process of workmanship on jewel stone at small scale industry of jewelry
crafting in Bali was polishing. This process was done manually by working posture were cross-
legged sitting on the floor. This awkward working posture (cross-legged sitting) caused more
musculoskeletal disorder (MSD) special on the arm, waist, and low back pain. The MSD problem
can decrease production. To solve these problems and increase productivity, the improvement of
work posture should done by ergonomics approach. The research was conducted on 12 jewel
craftsmen by "treatment by subject design". Work load was measured by using work heart rate
which was count using ten pulses methods. Musculoskeletal disorders were assessed by Nordic
Body Map questionnaire. And work productivity was assessed by amount of product per pulse rate.
The data were analysed by using t-pair test at significant level 5%. Results of this reserach showed
that there was significant different (p < 0.05) of work load, MSD, and work productivity betwen
befere improvement and after improvement. Work load decrease11,8%, MSD decrease 30,4%, and
work productivity increase 38,7%. Its can be concluded that inprovement of work posture
decreased of work load and musculoskeletal disorders and increased of productivity of jewel
workers. That is why, it was recommended the improvement of work posture should be used by
workmanship the jewel stone and ergonomics work station.

1. INTRODUCTION

Gemstone jewerlry handicrafts is small industry or home industry that produce jewelry such as rings,
eye necklaces, jewelry on the handle of kris or spear, and so forth. It has become an alternative business
to earn income in facing the current monetary crisis. This business can be found in several districts in
Bali and generally they only have a tool in the form of grinding wheels for the workmanship. Types of
stone used include turquoise, agate, amethyst, mirah stone and the like. The final process of making this
gemstone is the process of smoothing. In some places in Bali generally, this process is done by sitting
cross-legged position on the floor.

The finishing process of smoothing a gemstone is still done by sitting cross-legged on the floor for
few hours. This position of work is unnatural, and can cause few problems. Unnatural working position
can be the cause of various disorders of the musculoskeletal muscle system [1-2]. It leads to disruption
to the musculoskeletal system and there is considerable pressure on the intervertebral discs that can lead
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to lower back pain. In the long run this working position can cause the body to become bent [3]. Working
position by sitting cross-legged on the floor causes complaints from the workers especially pain and sore
in skeletal muscles in certain body parts. As the result it adds weight to the workload of the workers and
affects their productivity.

This problem of working posture and muscle complaints should be resolved soon, as it may cause
serious health problems for the workers [4-5]. Steps that can be taken to reduce their workload,
complaints on muscle pain and sore, as well as to increase the productivity of the artisans is to improve
the work station of where all their activities take place. This improvement is done by considering the
aspects of ergonomics and participatory approaches. A change of working position from stting on the
floor to stiing on a chair is proposed in this research. Grinding wheels are placed on the workbench, so
the jeweler can work more comfortably. The size of the chair and work table is adjusted to the
anthropometry of the crafters' body. In addition, the organization of working hours and breaks in
between them is to be looked upon. Improvements suggested in the organization of the work and break
is a 5 minutes rest time for every hour of work. We predicted, that with these steps are to be taken, it
will reduce workload, skeletal muscle complaints, and increase labor productivity.

2. METHODOLOGY

This research was conducted experimentally using treatment by subject. This experiment took place in
Subagan Village, Karangasem, Bali. The number of samples was calculated based on the Colton formula
[6], to obtain a sample of 12 gemstone craftsmen. Subjects were divided into two group where PO group
are the untreated who are doing the usual work done by previous craftsmen and the P1 group would be
treated with an improvement of work posture and work station with participatory approach. Workload
is measured by the pulse of crafters, musculoskeletal complaints measured by Nordic Body Map
questionnaire, and labour productivity is measured from the amount of production divided by workload
and working time. Data were analyzed descriptively and inferentially. In order to tell the difference of
treatment, workload data, musculoskeletal complaints, and labour productivity were analyzed using t-
pair test at 5% significance level.

3. RESULT FINDINGS

3.1 Research Subject Condition

The result of the analysis in the subject of this research is shown in the table below which is summarized
in a table from the 12 samples.

Table 1. Reseacrh Subjects Characteristic Summary

No Variable Ave. SD Range
1 Age (year) 35.07 341 28-41
2 Body Weight (kg) 62.17 4.72 57.3-69.8
3 Body Height (cm) 163.21 3.14 160 —172
4 Working Experience (year)  5.32 3.21 3-10
5 Body Mass Index 2271 108 20.92-23.17

From the characteristic of the subject it is seen that the research samples are under normal conditions
and the subjects, when the study is done, are healthy and fit. The average age of the subjects was 35.27
years. This shows the subject is in the productive age to work. The average work experience is 5.32
years indicating that the subject has experience in terms of gemstone workmanship. The mean body
mass index was 22.71 with range 20.92 - 23.17 in normal condition (not lean and not fat). The subject's
condition is still in an optimal physical state to do the job because it is in productive age and in good
physical condition. Age conditions affect the ability of physical work or muscle strength of a person.
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Maximum physical ability of a person is achieved at the age between 25 -35 years and will continue to
decline with age [3]. Organ systems such as the cardiovascular, respiratory, and muscular systems may
decrease by 2% per year after the age of 30 years [7].

3.2. Microclimate Condition

Microclimate conditions are the working environment conditions where the artisans work. These
conditions include temperature, relative humidity, light intensity, and sound intensity. This
environmental condition data was tested for normality by using Shapiro-Wilk test and obtained normal
working environment data results (p> 0,05) both in group P1 (before improvement) and P2 (after repair).
The result of different test of working environment condition on P1 and P2 is presented in Table 2 below.

Tabel 2. Microclimate Condition

. P1 Group P2 Group t p
No Variable Ave SD Ave D
1  Temperature (°c) 26.13 3.22 26.59 2.62 3.193 0.214
2  Relative Humidity (%) 72.55 4.15 73.04 3.19 2.691 0.192
3 Light Intensity (lux) 42155 29.71 43329 3081 9.107 0.088
4 Sound Intensity (dBA) 69.13 3.07 69.87 2.94 0.936 0.309

SD = Standard Deviation

From the results of microclimate condition analysis, it showed that the working environment
microclimatic conditions of the craftsmen of the gems both in group P1 and group P2 were still within
comfortable working condition for the workers. Temperature variables, relative humidity, light intensity,
and noise (sound intensity) did not have a significant difference between the groups P1 and P2 (p> 0.05).
This means that the working environment between P1 and P2 can be considered the same and consistent.

The microclimate condition is still within normal limits and feels comfortable for working. The
threshold value of air temperatures for workers is 33°C and the relative humidity for Indonesian workers
is between 70% - 80% [1]. It is suggested as well that headgear is worn by the workers to prevent excess
heat to the face and head [8], and other body armor so that workers can work comfortably. The highest
sound intensity threshold that is tolerable by human being for working time of not more than 8 hours a
day is 85 dBA [9].

3.3 Workloads

Workload is measured by the pulse of the crafters of the gems both at rest (resting pulse) and at work
(working pulse). This workload data is tested in normality by using Shapiro-Wilk test. From the test it
is found that the resting pulse and the work pulse in both groups (P1 and P2) are normally distributed
(P> 0.05). Prior to analysis of the effect of treatment, first comparability of resting pulse. This is done
to see the initial conditions of the craftsmen whether the difference is signficant or not. It is necessary
to see if the workload change is purely due to the effects of research intervention or any external factors
contributing to the change in the workload. The comparability of the resting pulse on this gem crafter is
done by using t-pair test. The result of the analysis shows that there is no difference between P1 and P2
in the istirahanya pulse (p> 0,05) as shown in Table 3. It means that the initial condition of craftsmen
workload can be considered the same. Treatment effects were also analyzed using a t-pair test with the
results shown in Table 3.
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Table 3 Workloads Analysis on Workers

Group P1 Group P2 t p
Ave SD Ave SD

68.17 2.68  69.27 2.19 0.109 0.305

Variable

Resting Pulse
(beats/minute)
Working Pulse 11932 312 10521 407 -19.163 0.000
(beats/minute)

SD = Standard Deviation

From Table 3 above it can be seen that there are significant differences between group P1 and group
P2 (p <0,05) in the workload (working pulse rate). Judging from the average there is a decrease in
working pulse from 119.32 beats per minute to 105.21 beats per minute, or decreased by 11.8%. It is in
line with research conducted by Tirtayasa [10], that ergonomic intervention could reduce the workload
of the heart and the pulse of work to workers in small industries.

3.4 Muscluloskeletal Complaints

Musculoskeletal complaints were predicted using a Nordic Body Map questionnaire with 5 Likert scales.
These muscle complaints were measured both before and after work on P1 and P2 groups. The results
of the analysis are presented in Table 4 below.

Table 4 Musculoskeletal Complaints Analysis

. Group P1 Group P2 t p
Variabel Ave SD  Awe  SD
Before 32.08 1.56 31.83 174 -2814 0.164
After 69.48 3.62 48.31 3.26 12571  0.000

SD = Standard Deviation

Table 4 shows that the before activity muscle complaints condition between the two groups was not
significantly different or could be considered the same (p> 0.05). While conditions after work there are
significant differences between P1 and P2. Judging from the average of skeletal muscle complaints there
was a significant decrease between group P1 and group P2 by 30,4%. In line with research conducted
by Curwin [11], it was mentioned that ergonomic intervention in workers could decrease skeletal muscle
complaints, about 10% decrease in prevalence of musculoskeletal disorders for 12 months, ranging from
4% for hip/thigh problems to 12% for lower back problems and upper back.

3.5 Labour Productivity Analysis
Labour productivity of jewelry crafter is obtained from the division between the production of gems
with the working pulse and then multiplied the required working time. While production is the results
obtained from the number of gems produced by each craftsman for every working hour. Prior to the
significance test between each treatment, production data and work productivity is tested normality by
using Shapiro-Wilk test. From normality test results obtained that the data of production and work
productivity is normally distributed (p> 0.05).

In order to know the effect of treatment, the mean difference test between each group (group P1 and
P2) is tested using pair t-test. The analysis results are shown in Table 4 below.
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Table 4 Production and Labour Productivity Comparison Analysis

. Group P1 Group P2 t p
Variable Ave SD Ave SD
Production 1031 019 1267 041 34157 0.000
(pieces/day)

Labour 0.0863 0.0021 0.1198 0.0042 37.165 0.000
Productivity

SD = Standard Deviation

From Table 4 above, it can be seen that the production and productivity of the work of jewelry
craftsmen has a significant difference between each group (p<0.05). Judging from the average of work
productivity there was an increase of 38.7%.

The use of desks and chairs and the use of appropriate technology in the form of a gemstone machine
will increase the productivity of the crafters, in accordance with the concept of total ergonomics which
requires that the technology to be applied in the industry should be reviewed and discussed through the
SHIP approach (Systemic, Holistic, Interdicipliner, and Participatory) so as to increase worker
productivity [1]. Performing ergonomic interventions in the industrial world will increase the production
and productivity of workers [12].

4. CONCLUSION

From the results and discussion above can be concluded the following things, 1) improved working
position and posture reduced musculoskeletal complaints of gemstone craftsmen in Bali, 2)
improvement of work posture increased labour productivity of gemstone crafters in Bali. It is suggested
to small industry managers including gem industry to pay attention to employee working posture and
position problem so employees can work in healthier and more productive working enviroment.

REFERENCES

[1] Manuaba, A., 2005, Accelerating OHS-Ergonomics Program By Integrating ’Built-In” Within
The Industry’s Economic Development Scheme Is A Must-With Special Attention To Small
And Medium Enteprises (SMEs), Proceedings the 21st Annual Conference of The Asia Pasific
Occupational Safety & Health Organization, Bali, 5-8 September.

[2] Fam, M., Azadeh, A., Azam, A. 2007. Modeling an integrated health, safety and ergonomics
management system: aplication to power plant. Journal of Res Health Sci. 7(2):1-10

[3] Kroemer, K.H.E., and Grandjean, E. 2000. Fiting the Task to the Human, 4" ed. Taylor & Francis
Inc. London.

[4] Kermit G. Davis PhD, Susan E. Kotowski MS . 2007. Understanding the ergonomic risk for
musculoskeletal disorders in the United States agricultural sector. American Journal of
Industrial Medicine. Volume 50, Issue 7, July 2007. Pages 501-511

[5] Pirvu C, Patrascu I, Pirvu D, and lonescu C. 2014. The dentist’s operating posture — ergonomic
aspects. Journal of Medicine and Life. Jun 15; 7(2): 177-182.

[6] Colton T. 2005. Encyclopedia of Biostatistics, 8 Volume Set 2nd Edition. John Wiley and Sons,
Inc.

[71 Sehl, M.E., and Yates, F.E. 2001. Kinetics of human aging: |. Rates of senescence between ages
30 and 70 years in healthy people. J. Gerontol. Biol. Sci. Med. Sci. 56: B198-B208.
PMID:11320100.

246


https://www.ncbi.nlm.nih.gov/pubmed/?term=P%26%23x000ee%3Brvu%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25184007
https://www.ncbi.nlm.nih.gov/pubmed/?term=P%26%23x00103%3Btra%26%23x0015f%3Bcu%20I%5BAuthor%5D&cauthor=true&cauthor_uid=25184007
https://www.ncbi.nlm.nih.gov/pubmed/?term=P%26%23x000ee%3Brvu%20D%5BAuthor%5D&cauthor=true&cauthor_uid=25184007
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ionescu%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25184007

Proceeding International Joint Conference
e EST on Science and Technology (IJCST) 2017

ISBN : 978-602-99806-3-9

[8] Cornelis P.B., Jean M.A., Simon A., Peter B., Guidode B., Andreas D. F., Kalev K., Tiago S.M.,
Rene M.R. 2015. A review on ergonomics of headgear: Thermal effects. International Journal
of Industrial Ergonomics. Volume 45, February 2015, Pages 1-12.

[9] BSN. 2004. Nilai Ambang Batas iklim kerja (panas), kebisingan, getaran tangan-lengan dan
radiasi sinar ultra ungu di tempat kerja. Badan Standarisasi Nasional. SNI 16-7063-2004.

[10] Tirtayasa, K., Adiputra I.N., Djestawana IGG. 2003. The Change Of Working Posture In Manggur
Decreases Cardiovascular Load And Musculoskeletal Complaints Among Balinese Gamelan
Craftsmen. Journal of Human Ergology. Vol. 32 (2003) No. 2 P 71-76.

[11] Curwin, S., Allt J, Szpilfogel C., Makrides L. 2013. The Healthy LifeWorks Project: The Effect of
a Comprehensive Workplace Wellness Program on the Prevalence and Severity of
Musculoskeletal Disorders in a Canadian Government Department. Journal of Occupational &
Environmental Medicine: June 2013 - Volume 55 - Issue 6 - p 628-633.

[12] Lia B de M, Guimarédes M., Jose A., Jose L.D., RibeiroT.A., Saurin. 2015. Participatory ergonomics
intervention for improving human and production outcomes of a Brazilian furniture company.
International Journal of Industrial Ergonomics. Elsevier. Volume 49, September 2015, Pages
97-107.

247


http://www.sciencedirect.com/science/article/pii/S0169814114001474#!
http://www.sciencedirect.com/science/article/pii/S0169814114001474#!
http://www.sciencedirect.com/science/article/pii/S0169814114001474#!
http://www.sciencedirect.com/science/article/pii/S0169814114001474#!
http://www.sciencedirect.com/science/article/pii/S0169814114001474#!
http://www.sciencedirect.com/science/article/pii/S0169814114001474#!
http://www.sciencedirect.com/science/article/pii/S0169814114001474#!
http://www.sciencedirect.com/science/article/pii/S0169814114001474#!
http://www.sciencedirect.com/science/article/pii/S0169814114001474#!
http://www.sciencedirect.com/science/journal/01698141
http://www.sciencedirect.com/science/journal/01698141
http://www.sciencedirect.com/science/journal/01698141/45/supp/C
https://www.jstage.jst.go.jp/AF06S010SryTopHyj?sryCd=jhe&noVol=32&noIssue=
https://www.jstage.jst.go.jp/AF06S010SryTopHyj?sryCd=jhe&noVol=32&noIssue=2
http://journals.lww.com/joem/toc/2013/06000
http://www.sciencedirect.com/science/article/pii/S0169814115000256#!
http://www.sciencedirect.com/science/article/pii/S0169814115000256#!
http://www.sciencedirect.com/science/article/pii/S0169814115000256#!
http://www.sciencedirect.com/science/article/pii/S0169814115000256#!
http://www.sciencedirect.com/science/journal/01698141
http://www.sciencedirect.com/science/journal/01698141/49/supp/C

