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ABSTRACT

Quality control is one of the important thing for the company in maintaining consistency of product quality. Time
always becomes a technical problem that often occur in quality control process while we are measuring quality
characteristics with specific device. So, it can make the analysis and decision be late because it is not in accordance with
the operational needs. Upgrading or adding a number of specific devices is not a wise solution because the impact is
significant increase in the cost of quality. More efficient way for the company to reduce the quality cost is to develop
human resource with particular sensory sensitivity to be a Grader. On the one hand the using of human labor as Grader is a
practical solution in order to reduce the cost of quality, but on the other hand would cause a problem of trust between
suppliers and companies (as customers). Grader often considered subjectively in providing an assessment of the
characteristics of quality for the materials supplied by the supplier. Some methods in MSA as Gage R&R and Gage
Linearity and Bias Study will be applied to validate Grader’s ability in assessing the quality characteristics. The results of
the study showed that the gage R&R not only can validate the Grader’s ability but also detect when needed improvement

for the measurement system in assessing the quality characteristics.

Keywords: validation, grader, measurement system analysis, gage R and R, gage linearity, bias study.

1. INTRODUCTION

Grader has an important role as the guardian of
the main gate in the quality control system. For
companies, Graders can shorten the time of assessment of
the quality and lower the cost of quality. However, the use
of Graders may have an impact on the decline of the
supplier trust to the company. Grader is often considered
not to be objective in assessing the quality of goods. The
decrease in the suppliers trust will affect for the long-term
commitment to continue supplying material to the
company (Indarjo, 2002). Grader’s certification could be a
solution, but not all of the Grader’s skills are available to
be certified. That is the basis of the importance of research
to validate the Grader’s ability. Wang and Drury (1989)
began a study to evaluate the performance of the inspector
through a series of tests on cognitive factors and
performance measurements while conducting a series of
inspection tasks are processed by the method of factor
analysis and correlation analysis. The result of this
research was the difference in the ability of each inspector
in performing the inspection could be seen in more detail.
In further developments, Montgomery (2009) introduced a
spesific statistical test methods to measure and detect the
components of the cause of error in measurement known
as Measurement System Analysis (MSA). The methods in
the MSA as Gage R&R and Gage Linearity and Bias

Study will be used in this research to validate the Grader’s
ability in assessing the moisture content. Moisture content
is one of the important quality characteristics in the trade
of commodity products such as copra. The results will be
analyzed and used as a basis for improvement of
measurement systems as well as evidence of the Grader’s
ability in assessing the quality characteristics.

2. GAGE R&R (ANOVA METHOD)

Two-way ANOVA was used in this research
because there were two factors, Grader (Inspector) as the
fixed factor and the class of copra (Parts) as the random
factor. Based on Tsai 's (1989) ANOVA model is shown
as follows:

i=12,..,n
y!.].,=y+P,.+OJ.+(PO)l]+gU, j=L2,...,p (D)
1=12,...k

Where p is the measurement mean, O; is the
effect of the i-th level of the Graders factor, P; is the effect
of the j-th level of the class of copra factor, (OP); is the
effect of interaction between O; and Pj, and & is the
random error. ANOVA table will be obtained as follows:
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Table-1. Two-factor ANOVA table.

Source of Sum of Degrees of freedom Mean of Expected mean square
variability square square

Parts SSp n,=n—1 MSp E(MSp}:G£+kcrf,o+pkc§,
Inspector SSo n,=p—1 MS, E(MSp)=0} +ko}, +nka}
Parts*Inspector  SSpo np=m—-1(p—1) MSpo E(MSpo)=0p+kop,

Error SSg ng=npk—1) MSg E(MSg)=0c}

Total SSt npk—1

3. GAGE R&R STUDY

Variability of the measurement process is written
in Equation (3) and the total variance is written in
Equation (2) by Montgomery (2009).

2 _ 2 2

Orotal = O-product + O-gage (2)
2 2 2

Ggage - O-repealabilily + Grepmducibility (3)

Based on the expected mean square in Table-1,
the variation can be obtained for each source of variation
as follows:

Gr=MS

R R

~2 _ (MSPO _MSR)

PO — k

(Ms, — MS,,) )
pk

6_2 _ (MSO _MSI’O)

¢ nk

~2
Op

So repeatability, reproducibility, and the variance
of the gage can be formulated as follows:

~2 _~2
O opeatavitiy — Or = MS,
Mz o (MSy+(n-1)MS,, —nMS,)
o'wpm:/mhuw =0,+0p = nk ( 5)
o - (M8, +(n—1)MS,, +n(k—1)MS,)
gauge — O-r'epfnl(lhlltly + o-r'epr'oduulnlrlv - nk

The value of precision to tolerate (P/T ratio) is
used to see the performance of the measurement process
that has been done.

P 60, (6)
T

The following are the terms that are used to draw
conclusions according to The ATAG (Automotive Industry
Action Group) by using percentage of variance study.
= If the percentage of total variance study gage R&R <
10 %, it is considered the measurement system
acceptable.

= If the percentage of total variance study gage R&R
between 10% and 30%, it is still acceptable depending

on the application or there are certain conditions that
can be explained.

= [f the percentage of total variance study gage R&R >
30% it is considered the measurement system
unacceptable and must be improved.

According to Montgomery (2009), additional
testing can be used to ensure whether the measurement
system acceptable or not is the signal-to-noise ratio (SNR).

®)

Measurement system will be accepted if the SNR
is greater than 5.

4. GAGE LINEARITY AND BIAS

Linear tendency of the measurement process can
be seen from the bias value. According to Joglekar (2003),
bias measurement system is the difference between the
reference values with the actual measurement results.
Linearity measurements conducted to determine whether
the results of measurements have the same accuracy for all
Graders.

5. MEASUREMENT SYSTEM ANALYSIS FOR
VALIDATING GRADER ABILITY
Object of this research is Graders who work in
edible oil industry. Grader has the responsibility to assess
the moisture content of copra as one of the critical quality
characteristics. Copra was used as much as 54 copra. It
consisted of 18 copra that had A class quality, 18 copra
had B class quality, and 18 other copra which had C class
in accordance with SNI 01-3946-1995 quality of copra.
Systematically, the stage of the research was as
follows:
a) Arranged the experiment design for the sampling

process.
b) Implemented the experiment.

¢) Used gage R&R analysis (ANOVA) to determine the
amount of variation caused by each Grader, class of
copra, repeatability and reproducibility.
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d) Performed gage R and R bias and linearity analysis to
determine bias from the assessment result of moisture
content in different class of copra and to know the
linear tendency of each Grader.

e) Used gage run chart analysis to determine the
measurement stability from each Grader.

f) Concluded whether the Grader was already acceptable
or not in assessing copra moisture content.

6. PRELIMINARY ANALYSIS

a. Gage R and R (Anova)

Gage R and R (ANOVA) were used to determine
the variance that it was caused by each Grader, class of
copra, repeatability, and reproducibility. The result can be
seen in Table-2.

Table-2. Gage R and R (ANOVA) result.

Source DF S8 MS F P

kopra 2 116232 581.162 809.391  0.00

grader 2 5.42 2.712 3.776 0.12
kopra * grader 4 2.87 0.718 6.594 0.00
Repeatability 153 16.66 0.109

Total 161 1187.28

The analysis result in Table-2 indicates that the
different class of copra and the interaction between the
classes of copra with each Grader have significant effect in
assessing moisture content. Because their p-value are
smaller than the a-value (0.05). Graders’ ability in

assessing moisture content has been homogenous
(similar). Because its p-value is greater than the o-value
(0.05). Gage repeatability and reproducibility assessment
of moisture content in copra can be seen in Table-3.

Table-3. Gage R&R for the result of moisture content assessment.

Source VarComp (% g?:g:;:;n of Szgg;‘ Study Var(6 * SD) %S(:;g;; ar
Total Gage R&R  0.1797 164 042386 25431 1282
Repeatability 0.1089 1 032999 1.93 243
Reproducibility  0.0708 0.63 0.266 1.596 8.05
grader 0.0369 0.34 0.19214 1.1328 5.81
grader*kopra 0.0338 031 0.18396 1.1037 5.56
Part-To-Part 10.749 9836 327836 19.6714 9017
Total Variation  10.9286 100 3305835 10,8351 100

Number of Distinct Categories =10

The percent contribution of total variance
component gage R&R in Table-3 is greater than 1%. It
affects to the percent contribution variance component part
to part to be 98.36. The percent study variance of total
gage R&R is 12.82 %. This value is still in the range of
10%-30%, thus it can be said that the measurement system
is still acceptable but there is a room for improvement.

b. Gage run chart

Gage run chart analysis was conducted to
determine the stability/ consistency of moisture content
assessment from each Grader on any class of copra. The
results can be seen in Figure-1.

Gage Run Chart of Y by kopra, grader

Reported by
Gage name: Tolerance:
Date of study : Misc:

1 2 3 arader
—— 1

] B
o

Panel variable: kopra

grader

Figure-1. Gage run chart from the result of moisture
content assessment.
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Gage R&R (ANOVA) for Y(after)

Gage name:
Date of study: Misc:

Components of Variation
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GageRER  Repeal  Reprod  Partio-Part i 2 g
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S Chart by grader
n a R a Y(after) by grader
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2 | | 502402
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& o1 La=01157
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Xbar Chart by grader g
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@ © I
\
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Figure-2. Gage R&R after training.

In Figure-1, can be seen the assessment
consistency from each Grader on all classes of copra. For
A class of copra, all of the Graders had been fairly
consistent. Because the results of the assessment have a
random pattern around the reference value, so that the
results of the assessment is stable. It is different for B and
C class of copra, the data pattern still have a high
fluctuation, so that all of the Graders had not been

consistent in assessing the moisture content for the B and
C class of copra.

Although the moisture content measurements
performed by each Grader had been acceptable, but it was
still inconsistent and needed improvement. So, the Graders
were given training. For training, Graders were given
product samples and asked to assess the moisture content
of the samples. After assessing the moisture content,
Graders were asked to see the results of measurements by
the moisture analyzer and analyzed the difference. This
was done for three days for each Grader. It aims to
increase the Graders’ sensitivity and adjustments to the
result of the moisture analyzer measurement. Further
advanced analysis was conducted to see how effective the
training method could change the Grader assessement
behaviour.

7. AFTER TRAINING ANALYSIS

a. Gage R&R (Anova)

Gage R&R (ANOVA) was conducted to
determine the variance caused by each Grader, class of
copra, repeatability and reproducibility. The result can be
seen in Table-4.

Table-4. Gage R&R (ANOVA) result.

Source VarComp wjfg?anrrg:;:;n Szgg;ﬂ' Study Var(6 * 5D) %S(;“ﬁ21; ar

Total Gage R&R  0.1093 093 0.33062 1.0837 080
Repeatahbility 0.0636 0.37 023217 1.313 134
Reproducibility 0.0437 041 021383 1283 6.4

grader 0.0222 02 0.14012 0.8047 446
grader*kopra 0.0233 021 0.15326 09195 458
Part-To-Part 11.0642 00 02 332620 199577 0051
Total Variation 11.1733 100 3.34268 20.0561 100

Number of Distinct Categories = 14
The percent contribution total variance well because the variance from all of the Graders were

component gage R&R in Table-4 is less than 1% that
cause percent contribution variance component part to part
to be 99.02. The percent study variance of total gage R&R
is 9.89%. It is smaller than 10%, and the number of
distinct categories is 14. This value is far greater than 5.
Thus, it can be concluded that the measurement system
has been acceptable. Graders have been already capable
and consistent to assess the moisture content for each class
of copra.

Visually, the variation can be seen in Figure-2 as
follows:

In Figure-2, the Y (after) plot for all of the
Graders shows that they could assess the moisture content

similar.

b. Gage linearity and bias

Gage linearity and bias analysis was conducted to
determine bias from the result of moisture content
assessment in different class of copra and to know the
linear tendency of each Grader. Because the moisture
content assessment carried out at three different times and
had different reference value, then the gage linearity and
bias analysis carried out respectively in accordance with
the time of measurement. The analysis results can be seen
in Figure-3.
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Gage Linearity and Bias Study for kadar air (08.00-10.00) Gage Linearity and Bias Study for kadar air (10.00-12.00)
Reported by : Reported by:
Gage name: Tolerance: Gage name: Tolerance:
Date of study: Misc: Date of study: Misc:
Gage Linearity Gage Linearity
0% Predictor  Coef SECoef P — Predictor  Coef SECoef P
Constant  0.5488 02147 0.021 %51 T Constant  0.4809 0.1631 0.009
. Slope  -0.07179 0.02374 0.008 Py Slope  -0.05014 001818 0014
H
sl @ N . s 027558 RSq  364% = s 0.224510 R-Sq 32.29%
~ Linearity 1.13171 YLinearity 7.2 04 N . Linearity  0.858344 %Linearity 5.0
N ~
:\ S . Gage Bias g L e Gage Bias
r. =<1z o Reference  Bias %Bias P ~ Reference Bias %Bias P
- A = Average 0.07 04 0202 029 o S . Average 0.055556 0.3 0.274
9 ~a 544 016 10 0050 2 S~ 512 0263333 15 0.020
® o S 83 005 03 0700 @ [} T~_ e 811 0006667 0.0 0.953
. ~ 212 032 20 0071 T~ . 1222 0103333 0.6 0.155
N = 0
N ~
N ~
L[] ~ .
00 . N N
N
. Percent of Process Variation 2 N . Percent of Process Variation
8 N
075 - [ N o 4
. § g
g 4 04 52
H
0 75 o 25 50 7s 100 25
Reference Value 0 Reference Value [
Lieary E3 Linearty s
Gage Linearity and Bias Study for kadar air (13.00-15.00)
Reported by
Gage name: Tolrance:
Date of study: wisc:
Gage Linearty
o Predctor  Coef SECoet P
Constant  0.4931  0.1457 0,004
Sope 004691 001606 0.010
s 010869 RSq  38%
o Linearity 0806874 9 Linearity 4.7
Gage Bias
Reference  Bas %Bias P
Average  0.090000 0.5 0.069
g 527 0246667 14 0004
a 8.14  0.110000 0.6 0.213
1237 0086667 05 0457
025
Percent of Process Variation
050 4
° £,
50 75 125 &
Reference Value o
Learty s
Figure-3. Gage linearity and bias.
To see whether there is bias measurement of T T T
moisture content of each class of copra with a specified
reference value, it can be done hypothesis testing as ; .
follows: . . s 121

Ho: | = O (there is no bias between the measurement
results with the reference value)
Hi: | # O (there is bias between the measurement

results with the reference value)

Based on Figure-3, the measurement at 08:00 to
10:00, 10:01 to 12:00, and 13:00 to 15:00 have p-value
sequence as follows 0.292, 0,274, and 0.069. All of the p-
values are greater than the a-value (0.05), which means
that Hy is accepted. So, it can be concluded that there is no
significant bias (with the 0.5% error rate) between the
assessment results with the reference value set on each
class of copra in all of the experiment times.

BIAS KOPRA C SCATTER PLOT

Figure-4. Scatter plot between reference value and bias
value for any class of copra.

Gage Run Chart of Y(after) by kopra, grader

Reported by
Gage name: Tolerance:
Date of study: Misc
T 2 T 3 grader
—— 1
12.5 W o
= 10.04
g
g
b4 &Y
b Mean
SRR
7.54

o e S

Panel variable: kopra

5.04

grader

Figure-5. Gage run chart from the result of moisture
content assessment.

9043




VOL. 11, NO. 15, AUGUST 2016

ISSN 1819-6608

©2006-2016 Asian Research Publishing Network (ARPN). All rights reserved.

ARPN Journal of Engineering and Applied Sciences ﬁ :B

www.arpnjournals.com

Furthermore, the linearity tendency of each
Grader can be analyzed from a plot between the reference
value with the bias value. Of the three times of
assessment, the results of the A class copra bias tend to be
a lot of positive bias (above the ‘0’ line), which means that
every Grader tends to be overestimated in determining
moisture content. Another case in C class copra, the results
tend to be a lot of negative bias (below the 0’ line), which
means that every Grader tends to be underestimated in
determining the moisture content. So, it can be concluded
that the greater reference value affect every Grader tends
to make estimates below the reference value. This is
caused the slope value on the regression equation for the
third time measurement has a negative value. The detail
can be seen in Figure-4.

c. Gage run chart

Gage run chart analysis was conducted to
determine the assessments stability/ consistency of
moisture content from each Grader on any class of copra,
the results can be seen in Figure-5. It can be seen in Figure
5 that the assessments consistency of each Grader on any
class of copra after training is more consistent and stable
than the previous situation. For A and B class copra, all of
the Graders are consistent. It is seen from the result of
assessment have a random pattern around the reference
value, so that the measurement has stable.

8. CONCLUSIONS
The conclusions from this research are:
a) Measurement system analysis methods as Gage R&R

and Gage linearity and bias are suitable to validate the
assessment of quality characteristic by Graders.

b) The results of the preliminary gage R&R study shows
that different class of copra and the interaction
between the class of copra with each Grader has a
significant effect in assessing the moisture content.

¢) The training has effect in increasing the Grader’s
ability in assessing moisture content. This is
evidenced by the decrease in the percentage of
variance study from 12.82% to 9.89%.

d) Gage linearity and bias showed that the fatigue factor
does not affect the Grader’s ability in assessing the
moisture content. So, it proved from the experiments
that conducted at 08:00 to 10:00, 10:01 to 12:00, and
13:00 to 15:00 have the same results. There is no bias
between the assessment results with the reference
value. So, the Graders have a good reliability.

e) Qualities of copra have effect for Graders in assessing
the moisture content. Graders tend to be
overestimated in assessing the A class quality of copra
and Graders tend to be underestimated in assessing C
class quality of copra. So, this is the reason why the

equation of regression in Gage linearity and bias has a
negative slope value.

f) Through gage run chart is known that all of the
Graders’ consistency became better after the training.

REFERENCES

ATAG. 2010. Measurement Systems Analysis (MSA)
Fourth Edition. Chrysler Group LLC, Ford Motor
Company, General Motors Corporation.

Bass Issa. 2007. Six Sigma Statistics with Excel and
Minitab. USA: McGraw-Hill Companies, Inc.

Dewi Ni Putu Wansri Septia dan Haryono. 2014.
Measurement  System  Analysis Repeatability dan
Reproducibility (Gage R&R) Studi Kasus: PT Gaya Motor
(Astra Group).

Healy Sandra and Wallace Michael. 2011. Gage
Repeatability and Reproducibility Methodologies Suitable
for Complex Test Systems in Semi-Conductor
Manufacturing.

Indarjo Misipan. 2002. Proses Pengembangan Komitmen
Hubungan Pemasaran Jangka Panjang. Jurnal Sains
Pemasaran Indonesia. pp. 152-161.

Joglekar, A. M. 2003. Statistical Method for Six Sigma in
R and D and Manufacturing. Canada: John Wiley and
Sons, Inc.

Kazerouni, Afrooz M. 2009. Design and Analysis of Gage
R&R Studies: Making Decisions Based on ANOVA
Method. World Academy of Science, Engineering and
Technology. 3: 04-26.

Montgomery D. C. 2009. Design and Analysis of
Experiment 6™ Edition. United States of America: John
Wiley and Sons, Inc.

Pan J.-N. 2004. Determination of the Optimal Allocation
of Parameters for Gage Repeatability and Reproducibility
Study. International Journal of Quality and Reliability
Management. pp. 672-682.

Tsai, P. 1989. Variable Gauge Repeatability and
Reproducibility Study Using The Analysis of Variance
Method. Quality Engineering 1(1):107-115.

Wang M.J and Drury C.G. 1989. A Method of Evaluating

Inspector’s  Performance  Differences and  Job
Requirements. Applied Ergonomics. pp. 181-190.

9044



