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Abstract - The purpose of this study are to find: (1) 'Ie accuracy of
estimation of the testees’ ability of mathematics achievement of the essay test
and testlets through the Graded Response Model (GRM) Application, (2) T
precision of estimation of the testees’ ability of mathematics achievement of
the essay test and testlets through the Graded Response Model (GRM)
Application. This study was conducted in two stages, empirical and simulation.
Empirical studies conducted as the mathematics achievement test of 277
Year X students SMA Ill Slawi on 2015. The testees’ ability parameter of the
estimation results of erical sludy are used to generate true parameter of
testees’ ability. The data were generated from the parameters of the
estimation results of the empirical study. The data were generated on the
basis of the sample sizes of 500 testees and the numbers of items were 10.
Replication is don@E times, using WinGen 3.0 program. Item Parameters
generated on the standard normal distribution. The parameters of testees’
ability estimated by using a computer program Multilog Version 7:03.
Precision in parameter estimation used to mean squared error (MSE). To
assess the accuracy the coefficient of Pearson Correlation was calculated.
The findings of the study are: (1) The accuracy of the estimation of testees’
ability of mathematics achievement essay test is higher than testlets, (2) The
precision of the estimation of testees’ ability of mathematics achievement
essay testis higher than testlets.
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l. INTRODUGTION

Test can use the collection of multiple items in a group are interconnected. A set of
interrelated items which are part of a test commonly called testlets (Wainer, 1995). Testlest been
used in the measurement in the field of language (Lee et al, 2001), TOEFL (Wainer & Wang,
2000), law school admission test (Wainer , 1991), medical school admission test (Zenisky et al,
2002), the measurement on a large scale (Ferrara et al, 1997) and attitudes toward racial identity
(Fischer & Tokar, 1998). In the TOEFL test, testlets mainly used in the reading. Testlets also
widely used in the world of public health and medical (Hamilton, Clayon B, et al 2015).

Reported by Zenisky, Hambleton, & Sireci (2002) that the item in one testlets not assume the
character of local independence so that when these items are considered as items that are
independent then it does not meet the requirements analysis to item response theory (IRT). Lee,
et al. (2001) did equalize using polytomous item response theory, on a test composed of testlets.
Lee, et al. (2001) showed that better psychometric equivalency using collection of items as a
single response that is polytomous than items is considered as the independent items.

Many studies showed that the response of testlets to testlets more good in psychometric
view when modeled in polytomous response that are multikategorik. Some experts have devised
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theoretical support to the application of polytomous IRT on testlets scoring (Verhelst &
Verstralen, 1997). Wainer, Bradlow & Wang (2007) developed a theoretical framework for the
analysis of items test based testlest then called Testlets Response Theory (TRT). The theoretical
framework shows that testlets can be analyzed using polytomous IRT. It provide the possibility
the test items in an essay test with that in testlets that have many advantages .

There are many benefits when tests are administerated in testlets. In addition to the
advantages of objective tests in general, testlet also has a scoring system that is multikategorik.
Their similarity of IRT analyzes in essay test and testlets raises the question of the extent to
which differences in the effectiveness of the testlet and essay test. Some studies do a
comparison of both of the test, but is limited to non psychometric aspects of the classical theory
approach so as not to provide information about the measurement accuracy of both of the test.
By comparing the effectiveness in psychometric view will be known in accuracy when used as a
instrument.

Purwo Susongko (2009) conducted a comparison of the effectiveness of the essay test and
testlets and through graded response model application. The results showed that the empirical
and simulation, the average value of the function information item on the essay test higher than
the average value of the function item information in the testlets. This implies that the essay test
is more effective than testlets from the informationzitem function is generated.

The study does not answer about the accuracy of the both test to estimate on the testees’
ability. The accuracy of testees’ ability estimation is parameter of the effectiveness in
psychometric view because basically the test is to determine the testees’ ability. Further, it needs
research about differences in the accuracy of estimates of the testees’ ability in an essay test and
that in testlests. Based on the background, the problem in this research are as follows:

1. Is there a difference in the accuracy of esfEhation the testees’ ability on mathematics
achievement test in an essay test with that in testlets through the Graded Response Model
(GRM) Application?

2. Is there a difference in the precision of esf8hation the testees’ ability on mathematics
achievement test in an essay test with that in testlets through the Graded Response Model
(GRM) Application?

Il.  RESEARCH METHOD

The development of the instrument initiated by compiling mathematics achievement tests as
mathemathics achievement test for Year X students of Senior High School. The ingffinent
consists of 5 essay items. With the same test items,the essay tes was converted into 5 testlets.
The number of items was adjusted to the material coverage and the time allocation which was 60
minutes. Mathematics achievement test was made by researchers in collaboration with the
Mathematics teachers in SMA Ill Slawi. Both of the tests is admisnisterated on 277 students of
class X in SMA III Slawi.

To obtain evidence of the content validity or content representation, the test papers were assessed
through the expert judgment. To prove the construct valifily and the unidimensional assumption of the
tests developed, the data obtained from the tryout results were analyzed by using the structural equation
modeling (SEM). The SEM employed to prove the construct validity and the unidimensional assumption
was the confirmatory factor analysis (CFA) model. The program employed to analyze the data using this
model was PRELIS to obtain the product moment correlation coefficients among items. The scoring of
the two instruments employed the analytic method involving four criteria, namely scores 0, 1, 2, and 3.
The answer to the previous Ehges affect the next stage, so that students who answered correctly
on thdBirst stage was given a score of 1 students who can answer correctly the whole stage, was
given a score of 3 students who answer correctly the second stage, but the first one stage or in
two stages of students answered incorrectly given a score of 0. scoring guidelines (rubric
answer) created by step completion of each item and have been discussed with team
(researchers and teachers). First rater and second rater respectively mathematics teacher who
taught in SMA 11l Slawi Year X.

Testees'ability are estimated using a computer program Multilog Version 7:03. The program is
selected b&ause it is easy to use, easy to understand the reading results of the analysis. To
determine the accuracy of the testees’ ability parameter estimation of essay test and testlet
conducted simulation studies. Empirical studies used to determine the value of the testees’ ability
parameter. Through simulation studies, the testees’ ability parameter of empirical study are used
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to generate the true score of testees’ ability for each test . The data were generated on the basis
of the sample sizes 500 testees and the numbers of items were 10. Replication is done 25 times,
using WinGen 3.0 program. ltem parameters were generated from the item through simulation
using the standard normal disigibution.

Simulation data used to estimate of the testees’ ability. To determine the precision of the
estimates used the mean squared difference between the true value and the estimates across
replication , referred to as the Mean Squared Error (MSE). As for knowing the accuracy of the
estimation used Pearson's r correlation between the true score and the estimates across
replication.

With smaller of MSE average value of testees’ ability estimation showing that the test form is
precise, while larger values of MSE average value of testees’ability estimation showing that the
test form is not precise. From comrelation coefficient between true score and the testees’ ability
simulation results can indicate the extent to which the accuracy. Greater the mean of comelation
coefficient between true score with the testees’ ability simulation results show that more accurate
estimates of testees’ ability

Ill.  RESEARCH FINDING AND DISCUSSIONS

The empirical data were collected through students’ responses to the essay test and the testlets
administered to 277 Year | students of the mathematics and science program (MIA) and Social
studies Program (IPS) in SMA Negeri 3 Slawi. The test was carried out on May 25, 2015 at 8:00
to 10:00 pm. Construct validity test has been conducted on both the test by using Structural
Equation Model (SEM) analysis. SEM analysis is used for the confirmatory validity analysis. Path
diagram for the construct validity analysis results of the testlets can be seen in Figure 1, while of
the essay test can be seen in Figure 2.

Figure 1. Path Diagram of construct validity analysis on testlets

e

N

Figure 2. Path Diagram of construct validity analysis on essay test

Of the two pictures can be sefgh that the model used can be considered valid at least with the
following considerations: (1) the value of the ratio chi-square of the degree of freedom of each is
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2.498 and 0.647, the value of both are much lower than the cutoff values suggested by Wheaton
(1977) that is equal to 5., (2) the value of RMSEA of essay test is 0,000 that is far from the
maximum values suggested by Joreskorg & Sorbom (1996) that is equal to 0.05, while in the
testlets is 0, 074, that the value not too extreme and is still considered to be rational when
compared with those criteria.

The following is the item parameters of the estimation results of the empirical study of the
testlet (Table 1) and the essay test (Table 2).

Table 1. Item Parameters of the Testlet by Empiric

Itern Number b1 b2 b3 a
1 -1.72 1.07 1.32 0.73
2 -1.10 0.00 1.10 1.10
3 -9.46 -6.19 1.77 0.31
4 -1.10 0.00 1.10 1.00
5 0.35 0.59 0.96 1.08

Table 2. ltem Parameters of the Essay Test by Empiric

Item Number b1 b2 b3 a
1 3.37 -3.60 3.13 5.24
2 -1.10 0.00 1.10 1.00
3 -0.11 3.85 26.27 0.96
4 -1.10 0.00 1.10 1.00
5 3.18 -4.13 4.10 6.46

The estimation of testees’ ability in the empirical study in the testlet in the interval between
1.33 and 1:33. While the estimation of testees’ ability in the empirical study in the essay test zn
the interval between -1.33 and 0.14. The estimation results of testees’ ability in the empirical
study is used to generate the true paramater with the sample sizes of 500.

The true zrom the testlets and the essay test is used to generate the simulation data with test
length by 5 items and sample sizes to 500. Each set was replicated 25. Correlation
between the testees’ ability in simulation and true score for each replication in the essay test and
testlets are shown in Table 3. RMSEA value for the testees’ ability in the testlet and essay test
are shown in Table 4.

As shown in Table 1 and 2, the estimation results of testees’ ability in the empirical
study show that the use of testlets are overestimate than essay test. It is seen that the
testees’ ability estimation on the testlet ranged from -1.33 to 1.33 while on the essay test, the
testees’ ability estimation ranged from -1.33 to 0.14. The distribution of testees’ ability in the
essay test is 40% in -1.33. This means empirically, testees’ability appear higher on the testlets
than on the essay test thus testlets is considered easier than essay test.
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Table 3. Correlation between the testees’ ability in simulation
and true score for each replication in essay test and testlets

Number replication Testlets Essay test
1 1 0.420529 0.656814
2 2 0.465972 0.617115
3 3 0.408278 0.593128
4 4 0.452014 0.661796
5 5 0472515 0.643351
6 6 0442672 0.642035
7 7 0.41369 0.616228
8 8 0.38573 0.590539
9 9 0.471735 0.644028
10 10 0.320372 0.642261
1 11 0.416838 0.600648
12 12 0.431693 0.627185
13 13 0.427089 0.648804
14 14 0.376792 0.627232
15 15 0.400892 0.6566489
16 16 0.442837 0.633983
17 17 0.451999 0.657832
18 18 0.428893 0.638573
19 19 0.455322 0.631792
20 20 0.406328 0.604489
21 21 0.392176 0.649054
22 22 0.428585 0.627664
23 23 0.397294 0.634545
24 24 0.45824 0.640807
25 25 0.42715 0.650658
mean 0.423825 0.633488
Table 4. Value of RMSEA of Testees’ Ability simulation with the testlet and the essay test
Number replication testlets essay test
1 1 0.499153 0.153767
2 2 0.47228 0.16573
3 3 0.496778 0.160405
4 4 0.479911 0.154997
5 5 0.464823 0.158881
5] 6 0.4824 0.152047
7 7 0.491672 0.166123
8 8 0.510259 0.16715
9 9 0.471907 0.160146
10 10 0.539345 0.1540861
11 11 0.500709 0.165557
12 12 0.491175 0.161533
13 13 0.490226 0.162092
14 14 0.511503 0.158744
15 15 0.503686 0.156523
16 16 0.487045 0.158521
17 17 0.481408 0.151148
18 18 0.49154 0.15751
19 19 0.477035 0.155428
20 20 0.500337 0.164577
21 21 0.505569 0.158733
22 22 0.487836 0.162303
23 23 0.509775 0.154177
24 24 0.476072 0.152913
25 25 0.488296 0.156561
mean 0.49243 0.158786
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As shown in Table 1 and 2 that the item parameter estimates to the essay test is much more
difficult than the testlets. It can conclude that the empirical estimation of item parameter with
essay test is irational until one reaches 26,27. However, these results still credible because the
testis made in criteria reference test so that item parameter can have extreme values.

Distribution of true score is still relatively similar to the results of empirical parameter that is to
testlets from about -1.33 to 1.33 and in essay test from about -1.33 to 0.14. The mean of true
score on testlet is 0.0289 with a standard deviation is 0.03, while the mean of true score in the
essay test is -0.587 with a standard deviation is 0.01. Table 3 shows that the correlation
coefficient between true scores and parameters of the simulation studies, the essay test tends to
have values which are higher than testlets. The mean of correlation coefficient of true score and
simulation parameter on the essay test is 0.633 while the testlets is 0.423. This shows that in
terms of accuracy, more precise in an essay test thantestlet on estimating the testees’ability.

Table 4 shows that the MSE index of 25 replication in simulation studies, the essay test tends
to have lower than testlet zThe mean of MSE on the essay test of 0.15 while in the testlets is
0.49. This shows that in terms of precision, more precise in an essay test than testlet on
estimating the testees’ability.

From the analysis it can be concluded that the essay test more precise on estimating the
ability of testees’ability. The results are consistent with several previous studies. Purwo
Susongko (2010) proved that essay test is more effective for chemical achievement test than
testlets with the application of Graded Response Model. The study was conducted empirical and
simulation using the item information functions as a criterion of effectiveness.

Through his studies, Zidner (1987: 607) conclude that the essay test requires a high ability to
organize a response, requires the ability to recall the material, requires integrative knowledge
and the ability to write well. In the multiple choice test is not found anything like that, because the
testee just choose the option that has been prepared. If a testee answered correctly for the same
items on the multiple-choice test, it is difficult to presume that the option based on the results of
complex thinking.

Kuechler and Simkin (2003: 394) through theirs study concluded that in the multiple choice
test, students have a chance to guess the correct answer is greater than in the essay test .
Shepard, (2008: 604), through a study conducted by the National Mathematics Advisory Panel of
more than 15 studies, concluded that: (1) an error when the multiple choice test and essay test
used to measure the competence of the same, (2) the essay test is used to measure the higher
ability of students and (3) the essay test has more information than multiple choice test .

IV. CONCLUSIONS AND RECOMMENDATION

A. Conclusions

1. The accuracy of the estimation of testees’ ability of mathematics achievement essay test is
higher than testlets,

2. The precision of the estimation of testees’ ability of mathematics achievement essay test is
higher than testlets

B. Suggestion

1. It needs further research about differences in the accuracy of the essay test and testlets
in estimating the testees’ ability by considering other variables such as the length of the
test, the sample size and the number of replication. 2

2. Need more in-depth research about differences in the accuracy of the essay test and
testlets in estimating the testees’ ability with item response theory modeling of other types
such as the modeling GPCM, PCM and other models politomos models.

3. Keep a study similar to the field of educational measurement other areas such as in the
field of language studies, science and social sciences.

4. In practice, a essay test should be more widely used than the form testlet in educational
measurement.
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