International Journal of Innovative Research and Scientific Studies, 6(3) 2023, pages: 644-655

ISSN: 2617-6548

! N A
g A4 ¥ sl % J;« A
lJ l RSS URL: www.ijirss.com LR [ R
Intermational lasurnal of nndvative joLyiol
Research & Scientifec Studies ﬁ

Validation of the teacher education institution’s entrance test using the Rasch model

Manuel O. Malonisio”, "/ Cherryl C. Malonisio?®

IAklan State University, Banga Campus Banga, Aklan, Philippines.
2Aklan State University, New Washington Campus New Washington, Aklan, Philippines.

Corresponding author: Manuel O. Malonisio (Email: mmalonisio@asu.edu.ph)

Abstract

This study aimed to evaluate the reliability and validity of the College Entrance Test (CET) used by a teacher education
institution to assess the general and specialization knowledge of prospective students in  English, Mathematics, Science
and Social Studies. The Rasch model was employed to analyze the data collected from the sample of 250 test takers for the
general knowledge test, 122 for specialization in English, 74 for Mathematics, 122 for science and 77 for Social Studies.
The measurement analysis components including person and item reliability, unidimensionality, person-item map, fit
statistics, Point Measure Correlation (PTMEA) and item local dependence were used. The study findings indicated that
some test components had poor person reliability and the degree of item difficulty was higher than the students' abilities.
There were also concerns about the conformity to the unidimensionality criteria, suggesting an analysis of items that might
form another dimension in the constructs of the tests, although each of the items is independent. Furthermore, some items
were misfitting or overfitting the Rasch model. In conclusion, the CET needs improvement to ensure its quality as a reliable
and valid selection tool for the college. The study's results provide significant insights into the CET's strengths and
weaknesses that can guide the test developers in revising and enhancing the CET to effectively measure the general and
specialization knowledge of test takers in English, Mathematics, Science and Social Studies.
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1. Introduction

In August 2017, the Philippine government started providing universal access to tertiary education through free tuition
fees to college students in state universities and colleges in the country (Republic Act 10931).

With this law, every state college and university had to ensure that students entering college were the most qualified
for the program offerings since universities are operating on a limited resource [1, 2] and every single centavo of the
financial subsidy must be given to the most deserving students. Thus, selecting the most qualified students to benefit from
this government policy is crucial.
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In our province, Aklan State University is the sole state university that offers degrees in education and every year, a
large number of senior high school graduates want to get into the programs. The college must ensure that its selection
procedure at admission will selecting the best available candidates [3] to ensure that its accepted students have a greater
probability of succeeding in college life and passing the licensure examination for teachers. Admission and selection to
the universities are done through an entrance test or examination [4-6]. The College Entrance Test (CET) has an important
role in the admission and selection process and it aims to determine who among the K-12 graduates is fit to enter college
[7]. Since a high school diploma may not necessarily reflect adequate preparation "for the intellectual demands of adult
life" Porter and Polikoff [8]. Thomas [9] emphasized that the pre-university scenario including inappropriate university
program entry is a cause of unsuccessful college completion.

For several years, the College of Teacher Education entrance test has been in use. The tests have undergone
validation and reliability testing processes following the Classical Test Theory (CTT) such as face and content validity,
pilot testing and reliability testing using Kuder Richardson (KR)-20. However, there is no published evidence or record on
the reliability and validity of the test. Evidence of validation is significant in supporting the decision on who is admitted to
the college and given privileges from the government. Kane [10] pointed out that the main focus of test validation is
making a convincing argument to justify score interpretations and the use of the test.

In traditional practice, face and content validity and a reliability coefficient using Cronbach's alpha are reported.
However, there are limitations to these practices. Jafarkarimi [11] pointed out that to validate a test, one may take
advantage of more advanced validation steps. Advanced methods of reliability and validity testing can be done using the
Rasch model using Winsteps software [12].

2. Review of Related Literature
2.1. Rasch Model

Rasch's measurement model [13] is considered one of the most recent approaches to psychometric measurement [14].
The Rasch model can be used to overcome the limitations associated with classical test theory by assuming the
unidimensionality of an instrument's latent traits and employing logistic regression to measure the probability of correct
responses on discrete items [15]. Among the logistics models, Rasch is the simplest and generally referred to as the Item
Response Theory model [16] which only uses one point and a constant parameter scale of 1 [17].

In this study, the Rasch framework is used to assess the reliability and validity of test scores. It offers procedures for
constructing and revising social science measurement instruments, the measurement properties of instruments and enabling
critical corrections to raw test scores or survey data [18].

The Rasch model (one of the most widely used item response theory models) serves as the foundation for the
assumptions of test reliability and validity. The model is based on the probability of a correct response given by the
equation:

g':ﬁ::_ﬂi:'

P(xy; = 1|B,.D;) = Py = 1+ elfe—Dd

P(xy; =0|B,, D) =1—Py

Here P represents the ability (latent trait) of subject v and D represents the difficulty parameter of item i. The
probability of a correct response is determined by both the item’s difficulty and the subject’s ability.

2.2. Test Validation Using the Rasch Model

According to Glynn [19], the Rasch model has been widely applied in educational measurement including the
Programme for International Student Assessment (PISA), Trends in International Mathematics and Science Study (TIMSS)
and other comparative tests. The Rasch model was also used in different countries and universities to validate an entrance
test such as the validation of the university entrance English test of Vietnam National University [20], the validation of the
university placement test in Nigeria [21] and the validation of the Chemistry national exam in Indonesia [22].

The Rasch model was also used to establish the validity of tests for specific subjects, examine the quality of
mathematics test items [23, 24], a multiple-choice English vocabulary test [25], a science achievement test [26], a multiple
-choice chemistry test [27] and a reading comprehension test [28].

This study is focused on validating the college entrance test for the teacher education institution using the Rasch
model to address the limitations of its previous validation. It aims to determine the characteristics of the test particularly its
reliability, item difficulty and validity.

This study was guided by the following objectives:

1. Determine the reliability of the test using item and person reliability.

2. Compare the samples’ ability against the test item difficulty using the Person-ltem map.

3. Determine the construct validity of the test using the Rasch measurements of unidimensionality, item fit, item
polarity and local independence.
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3. Methodology

This study used a quantitative research design specifically a descriptive and correlational design to establish
significant measurements in test reliability and validity. The descriptive design covers the process of describing the scores
of the samples particularly in locating the samples' ability against the item difficulty while correlation is  used in
establishing the reliability and validity of the test.

3.1. Data Collection Tool

The College Entrance Test (CET) of the College of Teacher Education is a multiple-choice test approved by the
college during the admissions process. The test has two main parts: Part 1 has a 60-item General Knowledge Test (GKT)
and Part 2 has a 40-item Specialization Knowledge Test (SKT). The GKT is taken by all student applicants to the college
while the SKT is given depending on the choice of specialization of the student applicant. Thus, there are SKT-English,
SKT-Mathematics, SKT-Science and SKT-Social Studies in line with the areas of specialization offered in the college.
The result of the CET is one of the criteria for the admission of the student-applicant in their selected area of specialization.

3.2. Data Collection Process

The responses of the student-applicants in the CET were used in the analysis of reliability and validity using the Rasch
model. These responses were collected during the scheduled college entrance test conducted on May 24 and 26, 2022 for
batch 1, May 31, 2022 for batch 2 and July 7, 2022 for batch 3. Permission was obtained from the Dean of the College of
Teacher Education to use the data for the purpose of this study and confidentiality of the data was observed.

3.3. The Respondents

Table 1 presents the number of respondents in the study. A total of 250 samples were used for GKT, 122 for SKT-
English, 74 for SKT-Mathematics, 122 for SKT-Science and 77 for SKT-Social Studies. According to Linacre [29], the
number of participants for the Rasch model could range from 30 to 250 with 250 participants for a definitive or high-stakes
test.

Table 1.

The number of the test items and number of respondents.
Test Number of items f
General knowledge test 60 250
Specialization knowledge test
English 40 122
Mathematics 40 74
Science 40 122
Social studies 40 77

3.4. Data Analysis

This study used Rasch analysis to establish the reliability and validity of the college entrance test. WINSTEPS and
Rasch software were used to analyze the data. The data in this study are the responses of the student-applicants to every
item in the test. A correct response was represented as 1 while an incorrect response was represented as 0. Since the Rasch
model assumed the unidimensionality of the construct in the test, Rasch measurements such as person and item reliability,
unidimensionality (Principal Component Analysis or PCA in raw explained variance, Eigenvalue, and Observed
Unexplained Variance), person-item map, infit and outfit statistics (MNSQ), Point Measure Correlation (PTMEA) and item
local independence were performed separately in GKT, SKT-English, SKT-Mathematics, SKT-Science and SKT-Social
Studies. The values obtained in every Rasch measure were compared to suggested acceptable values to make decisions
about the performance of the test in line with the Rasch model.

4. Results
4.1. Unidimensionality

It is necessary to determine a test's unidimensionality to ensure that it assess the expected outcomes. According to
Tennant and Pallant [30], a value above 0.9 indicates unidimensionality. Table 2 shows that the Rasch Unidimensionality
Coefficients (eigenvalues) for the general knowledge test (2.4) and the specialization knowledge tests in English (2.4),
Mathematics (3.7), Science (2.3) and Social Studies (3.2) are all above 0.9 suggesting that the test measures a single
construct. However, Linacre [31] has pointed out that an eigenvalue of not >2 in the first contrast of unexplained variance
demonstrates that the test is unidimensional. In this study, all test eigenvalues are >2. Furthermore, the Rasch model's item
unidimensionality criterion is also examined based on the raw variance explained by the measure score and the observed
unexplained variance. In this study, all scores' observed unexplained variance is <15% and the raw variance explained by
the measures of the general knowledge test, specialization knowledge test in English, and specialization knowledge
test in Mathematics is acceptable (>20%). For the specialization knowledge tests in Science and Social Studies, it is <20%.
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Table 2.

The raw variance explained by measure and the unexplained variance in the first contrast.
Test Raw variance explained by measure | Unexplained variance 1st contrast

Eigenvalue Observed

General knowledge test 24.9 2.4 2.9
Specialization knowledge test
English 22.3 2.4 4.6
Mathematics 22.2 3.7 7.3
Science 19.5 2.3 4.6
Social studies 16.2 3.2 6.7

4.2. Item and Person Reliability

Table 3 presents the summary of the reliability test. The item reliability measure for the test is excellent ranging from
0.88 to 0.98. Specifically, the item reliability of GKT is 0.98 while that of SKT-English is 0.96, SKT-Mathematics is 0.92,
SKT-Science is 0.94 and SKT-Social Studies is 0.88. In terms of person reliability, GKT and SKT-Mathematics have
acceptable coefficients of 0.61 and 0.67 respectively while SKT-English, SKT-Science and SKT-Social Studies have poor
reliability as reflected in the coefficients of 0.44, 0.51 and 0.56, respectively.

Table 3.

Reliability test summary.
Test Cronbach alpha Item reliability | Person reliability
General knowledge test 0.63 0.98 0.61
Specialization knowledge test
English 0.44 0.96 0.44
Mathematics 0.69 0.92 0.67
Science 0.52 0.94 0.51
Social studies 0.57 0.88 0.56

4.3. Person-ltem Map

Item 39 is the most difficult item for the general knowledge test while item 60 is the easiest one. Moreover, other
items that are considered very difficult (> 1 logit) [32] are items 19, 48, 45, 13, 15, 29, 36, 42 and 34. Further, the mean of
the person’s ability is -0.5 logit and the mean of item difficulty is O logit.

In the specialization knowledge test in English, the most difficult item is item 3 while the easiest item is item 11.
There are other very difficult items (> 1 logit), such as items 32, 35, 33 and 6. Moreover, the person's ability mean is -0.34
logit which is lower than the mean of the item difficulty (0 logit).

The most difficult item in the specialization knowledge test in Mathematics is item 2 while the easiest is item 32.
Other very difficult items (> 1 logit) recorded include items 28, 1 and 36. The mean of person ability is 0.53 logit while the
mean of item difficulty is O logit.

In the specialization knowledge test in science, the most difficult item is 2 while the easiest items are 22 and 25.
Other very difficult items (> 1 logit) include 32, 15, 27, 28 and 7. The mean of a person’s ability in SKT-Science is 0.83
logits lower than the mean of the item's difficulty which is 0 logits.

Moreover, the most difficult item in the specialization knowledge test in social studies is item 37 and the easiest item
is item 28. Other very difficult items (> 1 logit) include items 21 and 13. Overall, the person’s ability mean is -1.01 logit
and the mean of the item difficulty is 0 logit.

Table 4 shows the distribution of the item difficulty level. According to the table, there are 12 GKT items, 7 SKT-
English items, 5 SKT-Math items, 6 SKT-Science items and 5 SKT-Social Studies items whose value is >1 logit and are
considered " very difficult”. There are 19 GKT items, 12 SKT-English items, 13 SKT-Math items, 12 SKT-Science items
and 14 SKT-Social Studies items whose value is between 0 and 1 logit and are considered " difficult." On the other hand,
items whose values are between -1 and -0 logit include 16 GKT items, 15 SKT-English items, 15 SKT-Math items, 15
SKT-Science items and 16 SKT-Social Studies items. These items are considered "easy." Moreover, " very easy" items
have a value of -1 logit and this includes 13 GKT items, 6 SKT-English items, 7 SKT-Math items, 7 SKT-Science items
and 5 SKT-Social Studies items.

4.4. Item Fit and Item Polarity

Mean Square (MNSQ) infit and outfit values are used to determine whether an item is a good fit, overfit or misfit
while point measure correlation is used to determine the item’s polarity.

According to Table 5, the minimum and maximum infit MNSQ values of the general knowledge test, the
specialization knowledge test in English, the specialization knowledge test in Math, the specialization knowledge test
in Science and the specialization knowledge test in Social Studies are within the range of 0.70-1.30. However, there are
minimum or maximum values in the outfit MNSQ in the general knowledge test, the specialization knowledge test in
English, the specialization knowledge test in Math, the specialization knowledge test in Science and Social Studies
that are outside the 0.70-1.30 range. Thus, there is a need to identify these items that are misfits or overfits in the Rasch
measure.
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Table 4.

Item difficulty level.

Test Very difficult Difficult | Easy | Very easy

General knowledge test 12 19 16 13

Specialization knowledge test

English 7 12 15 6

Mathematics 5 13 15 7

Science 6 12 15 7

Social studies 5 14 16 5

Table 5.
The overall fit statistics.

Item fit General knowledge test Specialization knowledge test
measurements English | Mathematics | Science | Social studies
Infit MNSQ
Minimum 0.88 0.90 0.78 0.86 0.88
Maximum 1.14 1.08 1.27 1.12 1.13
Mean 1.00 1.00 1.00 1.00 0.99
SD 0.05 0.05 0.12 0.06 0.06
Outfit MNSQ
Minimum 0.63 0.87 0.74 0.72 0.73
Maximum 1.25 1.60 2.40 1.39 1.55
Mean 1.00 1.01 1.06 1.02 1.00
SD 0.09 0.12 0.30 0.13 0.15

The infit and outfit MNSQ and Point Measure Correlation (PTMEA) of the General Knowledge Test (Appendix B.1)
revealed that item 39 is a misfit since it has an outfit MNSQ of 0.63 which is <0.70. On the other hand, the PTMEA
coefficient of item 33 is -0.08. Similarly, the infit and outfit MNSQ and Point Measure Correlation (PTMEA) of the Special
Knowledge Test in English (Appendix B.2) show that the outfit MNSQ value of item 3 is >1.30 and at the same time, it
has a -0.19 PTMEA coefficient.

Moreover, items 2, 1, 36, 20 and 40 are overfit items in SKT-Mathematics (Appendix B.3) because their outfit MNSQ
is >1.30 and at the same time, their PTMEA coefficient is negative. In addition, item 3 has a -0.01 PTMEA. In SKT-
Science (Appendix B.4), item 2's outfit MNSQ is 1.39 which is greater than 1.30 and items 27 and 40 have a PTMEA
coefficient of -0.02. Further, the MNSQ and PTMEA of the SKT-Social Studies (Appendix B.5) revealed that items 40 and
33 are considered overfit since their outfit MNSQ values are 1.40 and 1.55 respectively and these are >1.30.

4.5. Local Independence

The analysis of local independence is another type of item measurement analysis. The standardized residual correlation
measures of the tests range from 0.20 to 0.66 which is <0.70. The highest computed standardized residual correlation
measure in GKT is 0.20 for items 3 and 33 and items 9 and 10 while in SKT-English, it is 0.52 for items 1 and 2.
Similarly, the highest standardized residual correlation in SKT-Mathematics is 0.66 on items 26 and 35, in SKT-Science, it
is 0.31 on items 7 and 32 and in SKT-Social Studies it is 0.50 on items 7 and 18.

5. Discussion

Producing a high-quality test to perform its intended purpose is significant especially if it concerns crucial decision-
making in an institution and thus needs substantial proof of its validity and reliability. This study revealed the significant
features of the college entrance test particularly its reliability and validity.

The person reliability of college entrance tests particularly for SKT-English, Science and Social Studies suggests that
the number of items in these tests is insufficient to discriminate against test taker ability [15]. This is visually presented in
the Item-Person map where the majority of the test takers' performance in the entrance test falls below the test's item
difficulty indicating that the test takers find it difficult to respond correctly to the test items. On the other hand, the item
reliability has a good to very good level of consistency [33] which confirms that there are enough test takers to confirm the
difficulty of the items in the test.

Unidimensionality is a key assumption in applying the Rasch model [34]. The test construct as described through the
principal component analysis suggests that there is a sign of concern for its unidimensionality since the test eigenvalues
are >2 and the raw variance explained by measure for SKT-Science and Social Studies is below the acceptable measure.
There is a need to further analyze the tests and if there is no meaningful difference in the items, the other dimension may
just happen by chance [30].

With the test displaying signs of having more than one dimension, item fit and item polarity must be performed to
identify items forming other dimensions. The analysis of item fit in a questionnaire refers to the Rasch measurement
model's fitness for each item [35]. The aim is to ensure that the items measure the same construct [33]. A value between 0.7
and 1.30 is typically considered reasonable for multiple-choice questions indicating a good fit [36]. A value of 1 indicates a
perfect fit while values less than 0.70 or greater than 1.30 indicate a misfit or an overfit respectively, and such items may
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need to be discarded or repaired [37]. The Point Measure Correlation (PFTMEA) can be used to determine the item's
polarity. A positive PTMEA correlation indicates that the item measures the desired construct while a negative PTMEA
correlation suggests that the item does not measure the intended construct [33]. Therefore, two items in GKT (one item in
SKT-English, six items in SKT-Mathematics, three items in SKT-Science and two items in SKT-Social Studies) need to be
repaired or discarded since they do not contribute to the measurement of the construct in the test and may represent other
dimensions.

To ensure that the items in the test do not overlap, a standardized residual value measurement correlation was
determined. The high value in this measurement indicates that items have the same characteristics or could be duplicates
and are not independent from one another. If the correlation value of the two items is above 0.7, it shows a high correlation
value and only one item has to be maintained while the other items should be dropped [37]. The item to be retained is
determined using the MNSQ value which should be close to or equal to 1.0 [12, 37]. Overall, no items in the tests are
duplicates.

6. Conclusion

The Rasch model provides robust and empirical evidence on the reliability and validity of the college entrance test of
the Teacher Education Institution through its analysis components such as person and item reliability, unidimensionality,
person-item map, fit measurements such as infit and outfit MNSQ, PTMEA (item polarity) and item local independence.
The analysis showed that there were sufficient samples to determine the construction of the test. However, the
specialization knowledge test in English, Science, and Social Studies do not have a sufficient number of items to
discriminate between high- and low-performing test takers. The degree of difficulty of the tests is higher than the test
takers’ abilities which give them a lower probability of responding correctly to some items. The tests show inconsistency
in terms of meeting some criteria for unidimensionality which leads to the possibility of the existence of another dimension
in the construct. Further, there are items that are misfit or overfit to the Rasch model, these items are either confusing or
can be easily predicted by the test takers and they need to be repaired or discarded to improve the overall fit of the tests.
Moreover, items in the test are independent from one another.

The college entrance test must be reviewed and revised to address the inconsistencies found using the Rasch model
by discarding or improving misfitting or overfitting items to address the concerns about unidimensionality and the overall
fit of the test to the Rasch model, adding items to the English, Science and Social Studies Specialization knowledge tests to
improve discrimination between high- and low-performing test takers, considering adding items to the general knowledge
test and specialization knowledge test in Mathematics to increase their reliability from "acceptable” to " good” or ™
excellent” and arranging the items according to their degree of difficulty. Moreover, reliability and validity testing confirm
whether the tests have improved and conform to the Rasch model measures.
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Appendix
Appendix A.1 presents the person and item reliability of GKT.
Appendix A.1.
Summary statistics of GKT.
Summary of 250 measured persons
RAW COUNT Measure Model INFIT OUTFIT
Score error MNSQ ZSTD MNSQ ZSTD
Mean 24.3 60 -0.5 0.3 1 0 1 0
S.D. 5.5 0 0.5 0.01 0.14 1.1 0.25 1
Max. 40 60 0.9 0.38 1.4 2.7 2.03 3.1
Min. 10 60 -2.02 0.29 0.64 -3.4 0.55 -2.4
Real RMSE 0.31 ADJ.SD 0.39 Separation 1.25 Person reliability 0.61
Model RMSE 0.30 ADJ.SD 0.40 Separation 1.31 Person reliability  0.63
S.E. of person mean = 0.03
Person raw score-to-measure correlation = 1.00
Cronbach alpha (KR-20) Person raw score reliability = 0.63
Summary of 60 measured items
RAW COUNT Measure Model INFIT OUTFIT
Score error MNSQ ZSTD MNSQ ZS8TD
Mean 1014 250 0 0.16 1 -0.1 1 0
S.D. 56 0 1.25 0.05 0.05 1.2 0.09 1.3
Max. 243 250 2.9 0.38 1.14 2.7 1.25 3
Min. 9 250 -4.16 0.13 0.88 -4.1 0.63 -3.9
Real RMSE 0.17 ADJSD 1.24 Separation 7.41 Person reliability 0.98
Model RMSE 0.17 ADJSD 1.24 Separation 7.46 Person reliability 0.98
Umean=0.000 Uscale=1.000
Item RAW score-to-measure correlation = -0.98
15000 Data points. Log-likelihood chi-square: 16165.80 with 14691 d.f. p=.0000
Appendix A.2 presents the person and item reliability of SKT — English.
Appendix A.2.
Summary statistics of SKT — English.
Summary of 122 measured persons
RAW COUNT Measure Model INFIT OUTFIT
score error MNSQ | ZSTD MNSQ ZSTD
Mean 17.3 40 -0.34 0.36 1 0 1.01 0
S.D. 3.8 0 0.5 0.01 0.15 1 0.26 1
Max. 29 40 1.2 0.45 1.54 3.1 2.29 3.9
Min. 7 40 -1.88 0.35 0.73 -2.1 0.65 -1.9
Real RMSE  0.37 ADJ.SD  0.33 Separation 0.88 Person reliability 0.44
Model RMSE 0.36 ADJSD 0.34 Separation 0.93 Person reliability  0.46
S.E. of person mean = 0.05
Person RAW score-to-measure correlation = 1.00
Cronbach alpha (KR-20) Person RAW score reliability = 0.44
Summary of 40 measured items
RAW score COUNT Measure Model INFIT OUTFIT
error MNSQ | ZSTD MNSQ ZSTD
Mean 52.8 122 0 0.21 1 0 1.01 0
S.D. 25.8 0 1.09 0.04 0.05 0.8 0.12 0.9
Max. 109 122 242 0.37 1.08 1.8 1.6 1.8
Min. 8 122 -2.56 0.19 0.9 -2.4 0.87 -2.4
Real RMSE  0.22 ADJ.SD 1.06 Separation 4.84 Person reliability  0.96
Model RMSE 0.22 ADJ.SD 1.06 Separation 4.88 Person reliability  0.96

Umean=0.000 Uscale=1.000

Item RAW score-to-measure correlation = -0.99

4880 Data points. Log-likelihood chi-square: 5493.95 with 4719 d.f. p=.0000
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Appendix A.3 presents the person and item reliability of SKT — Mathematics.

Appendix A.3.

Summary statistics of SKT — mathematics.

Summary of 75 measured persons

RAW COUNT Measure Model INFIT OUTFIT
score error MNSQ ZSTD MNSQ ZSTD
Mean 16.1 40 -0.53 0.37 1 -0.1 1.06 0
S.D. 5 0 0.66 0.02 0.16 1.1 0.4 1.2
Max. 28 40 1.01 0.5 1.45 2.2 2.66 3.5
Min. 5 40 -2.27 0.35 0.65 -3 0.59 -2.4
Real RMSE 0.38 ADJ.SD 0.54 Separation 1.42 Person reliability  0.67
Model RMSE 0.37 ADJ.SD 0.55 Separation 1.49 Person reliability 0.69
S.E. of person mean = 0.08
Person RAW score-to-measure correlation = 1.00
Cronbach alpha (KR-20) Person raw score reliability = 0.69
Summary of 40 measured items
RAW score COUNT Measure Model INFIT OUTFIT
error MNSQ ZSTD MNSQ ZSTD
Mean 30.1 75 0 0.27 1 -0.2 1.06 0
S.D. 14 0 0.99 0.05 0.12 1.3 0.3 1.4
Max. 58 75 2.54 0.52 1.27 3.1 2.4 3.4
Min. 4 75 -1.86 0.24 0.78 -3.1 0.74 -3
Real RMSE  0.29 ADJ.SD 0.95 Separation 3.29 Person reliability 0.92
Model RMSE 0.28 ADJ.SD 0.95 Separation 3.39 Person reliability 0.92
Umean=0.000 Uscale=1.000
Item RAW score-to-measure correlation = -0.99
3000 Data points. Log-likelihood chi-square: 3341.04 with 2886 d.f. p=0.0000
Appendix A.4 presents the person and item reliability of SKT — Science.
Appendix A.4.
Summary statistics of SKT — science.
Summary of 122 measured persons
RAW COUNT Measure Model INFIT OUTFIT
score error MNSQ ZSTD MNSQ ZSTD
Mean 13.9 40 -0.81 0.37 1 0 1.02 0
S.D. 4 0 0.55 0.03 0.15 1 0.36 1
Max. 31 40 1.47 0.5 1.4 2.4 3.72 3.6
Min. 5 40 -2.27 0.35 0.68 -2.7 0.61 -2.3
Real RMSE  0.38 ADJ.SD 0.39 Separation 1.01 Person reliability  0.51
Model RMSE 0.37 ADJ.SD  0.40 Separation 1.07 Person reliability  0.53
S.E. of person mean = 0.05
Person RAW score-to-measure correlation = 1.00
Cronbach alpha (KR-20) Person raw score reliability = 0.52
Summary of 40 measured items
RAW score COUNT Measure Model INFIT OUTFIT
error MNSQ ZSTD MNSQ ZSTD
Mean 42.3 122 0 0.22 1 -0.1 1.02 0
S.D. 22.1 0 0.99 0.06 0.06 0.8 0.13 1
Max. 86 122 2.72 0.51 1.12 1.9 1.39 2.1
Min. 4 122 -1.74 0.19 0.86 -1.9 0.72 -2
Real RMSE  0.23 ADJ.SD 0.96 Separation 4.13 Person reliability 0.94
Model RMSE 0.23 ADJ.SD 0.97 Separation 4.19 Person reliability  0.95

Umean=0.000 Uscale=1.000

Item RAW score-to-measure correlation = -0.98

4880 Data points. Log-likelihood chi-square: 5298.85 with 4719 d.f. p=0.0000
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Appendix A.5 presents the person and item reliability of SKT — social studies.

Appendix A.5.
Summary statistics of SKT — social studies.

Summary of 77 measured persons

RAW COUNT Measure Model INFIT OUTFIT

score error MNSQ | ZSTD MNSQ ZSTD
Mean 12 40 -1.01 0.38 1 0 1 0
S.D. 4.1 0 0.59 0.04 0.12 0.7 0.28 0.8
Max. 35 40 2.2 0.61 1.4 2 2.55 2.6
Min. 3 40 -2.79 0.34 0.78 -1.4 0.6 -1.4
Real RMSE 0.39 ADJ.SD 0.45 Separation 1.13 Person reliability 0.56
Model RMSE 0.38 ADJ.SD 0.45 Separation 1.18 Person reliability 0.58

S.E. of Person mean = 0.07

Person Raw score-to-measure correlation = 1.00

Cronbach alpha (KR-20) Person Raw score reliability = .57

Summary of 40 measured items

RAW score Count Measure Model INFIT OUTFIT
error MNSQ ZSTD MNSQ ZSTD
Mean 23.1 77 0 0.28 0.99 0.1 1 0.2
S.D. 11.6 0 0.85 0.06 0.06 0.8 0.15 1.2
Max. 51 77 1.82 0.48 1.13 2.2 1.55 4.7
Min. 5 77 -1.74 0.23 0.88 -1.7 0.73 -1.5
Real RMSE  0.29 ADJ.SD 0.79 Separation 2.71 Person reliability 0.88
Model RMSE 0.29 ADJ.SD 0.79 Separation 2.71 Person reliability 0.88

Umean=.000 Uscale=1.000

Item raw score-to-measure correlation = -0.98

3080 Data points. Log-likelihood chi-square: 3251.13 with 2964 d.f. p=0.0001

Appendix B.1.
Item difficulty, infit MNSQ, outfit MNSQ, and PTMEA correlation for GKT.
Number INFIT OUTFIT PT-measure Number INFIT OUTFIT PT-measure
entry MNSQ MNSQ Correlation entry MNSQ MNSQ correlation
39 0.95 0.63 0.27 12 1.08 111 0.06
19 0.99 1.06 0.11 1 0.97 0.97 0.29
48 0.99 1.02 0.15 5 0.95 0.94 0.34
45 0.99 0.98 0.16 41 1.01 1.01 0.22
13 1.02 1.07 0.11 17 1.04 1.05 0.16
29 1.05 1.25 0 55 1.03 1.04 0.17
36 0.99 1.05 0.15 54 0.93 0.92 0.38
42 1.04 1.13 0.04 10 0.96 0.95 0.32
15 1.04 1.18 0.04 58 1.02 1.03 0.19
34 0.99 0.93 0.22 4 0.88 0.88 0.47
18 1.01 1.03 0.16 44 1.09 111 0.06
38 0.98 1.01 0.2 25 1.00 0.99 0.24
35 1.01 1.03 0.17 51 1.02 1.02 0.2
3 1.01 1.04 0.15 7 0.93 0.93 0.37
32 0.99 1.00 0.2 6 1.04 1.07 0.14
28 1.06 1.14 0.05 2 0.94 0.94 0.35
37 1.04 1.07 0.11 23 1.06 1.07 0.12
59 0.97 0.96 0.26 26 0.91 0.89 0.41
16 0.99 1.00 0.22 47 1.03 1.05 0.16
14 1.01 1.01 0.19 30 0.95 0.94 0.33
40 1.01 1.05 0.18 43 0.99 1.00 0.25
27 1.01 1.02 0.18 24 0.92 0.9 0.38
33 1.14 1.20 -0.08 46 1.08 1.10 0.07
57 0.96 0.95 0.29 50 0.97 0.96 0.29
20 1.00 1.03 0.2 56 1.03 1.04 0.16
22 0.97 0.98 0.27 9 0.9 0.88 0.41
52 0.9 0.88 0.42 11 0.93 0.89 0.35
21 0.98 0.98 0.26 8 0.97 0.92 0.25
53 1.05 1.04 0.14 49 1.03 1.01 0.12
31 1.06 1.07 0.1 60 1.00 0.93 0.09
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Appendix B.2.
Item difficulty, infit MNSQ, outfit MNSQ, and PTMEA correlation for SKT-English.
Number INFIT | OUTFIT PT-measure Number | INFIT | OUTFIT PT-measure
entry MNSQ MNSQ correlation entry MNSQ MNSQ correlation
3 1.08 1.60 -0.19 9 1.00 1.00 0.23
32 0.95 0.89 0.26 23 1.08 1.08 0.08
35 1.02 1.20 0.08 25 0.96 0.95 0.31
6 0.99 0.95 0.21 19 0.97 0.96 0.29
33 0.97 0.9 0.26 39 0.91 0.9 0.41
5 1.00 1.05 0.16 4 0.99 0.98 0.25
34 0.94 0.87 0.34 18 0.96 0.96 0.3
21 1.04 1.04 0.12 14 1.00 1.00 0.23
27 1.08 1.16 0.02 29 1.01 0.99 0.23
38 0.98 0.96 0.25 28 0.9 0.88 0.44
17 1.05 1.08 0.1 30 1.08 1.09 0.07
10 0.99 1.01 0.22 22 0.97 0.96 0.28
40 1.02 1.00 0.18 37 1.02 1.05 0.17
15 0.92 0.92 0.37 13 0.99 0.99 0.25
12 1.01 1.07 0.16 7 1.03 1.10 0.12
2 0.99 0.97 0.24 8 1.00 1.03 0.2
24 0.95 0.93 0.33 26 0.97 0.98 0.25
31 0.98 1.00 0.26 16 0.95 0.89 0.29
36 1.08 1.11 0.06 20 1.05 1.13 0.05
1 1.04 1.05 0.14 11 0.99 0.89 0.2
Appendix B.3.
Item difficulty, infit MNSQ, outfit MNSQ, and PTMEA correlation for SKT-mathematics.
Number INFIT | OUTFIT PT-measure Number INFIT | OUTFIT PT-measure
entry MNSQ MNSQ correlation entry MNSQ MNSQ correlation
2 1.11 2.40 -0.24 7 1.01 1.06 0.27
28 0.95 1.08 0.24 10 0.96 0.94 0.36
1 1.19 1.71 -0.19 26 0.81 0.78 0.57
36 1.11 1.48 -0.02 18 0.91 0.9 0.43
23 1.03 1.14 0.17 33 0.86 0.84 0.5
34 0.99 0.9 0.29 31 1.11 1.11 0.14
9 1.05 1.06 0.19 13 0.83 0.82 0.54
20 1.24 1.48 -0.16 27 0.89 0.87 0.47
21 0.92 0.83 0.39 8 1.03 1.05 0.25
22 0.97 1.04 0.28 3 1.18 1.28 -0.01
39 1.08 1.22 0.1 25 0.92 0.89 0.42
6 1.10 1.20 0.1 16 0.95 0.91 0.38
19 0.92 0.95 0.38 24 0.92 0.89 0.42
38 1.12 1.18 0.09 4 1.01 1.02 0.27
15 1.12 1.14 0.1 14 0.9 0.87 0.44
5 1.09 1.07 0.17 29 1.08 1.08 0.17
17 0.97 0.95 0.34 12 0.95 0.92 0.37
30 0.98 0.96 0.33 37 0.84 0.81 0.51
40 1.27 1.36 -0.12 11 0.88 0.8 0.48
35 0.78 0.74 0.63 32 0.88 0.78 0.44
Appendix B.4.
Item difficulty, infit MNSQ, outfit MNSQ, and PTMEA correlation for SKT-science.
Number INFIT | OUTFIT PT-measure Number | INFIT | OUTFIT PT-measure
entry MNSQ MNSQ correlation entry MNSQ MNSQ correlation
2 1.02 1.39 0.03 18 1.12 1.17 0.01
32 0.94 0.86 0.28 11 0.95 0.99 0.31
15 0.96 0.9 0.25 37 0.91 0.88 0.42
7 0.9 0.72 0.4 39 1.03 1.03 0.19
27 1.09 1.25 -0.02 26 1.00 1.01 0.25
28 1.03 1.01 0.13 35 1.01 1.00 0.24
24 1.06 1.25 0.02 14 0.92 0.9 0.4
3 0.97 0.93 0.27 21 0.95 0.94 0.34
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Number | INFIT | OUTFIT PT-measure Number | INFIT | OUTFIT PT-measure
entry MNSQ MNSQ correlation entry MNSQ MNSQ correlation
34 1.06 1.15 0.07 38 0.95 0.94 0.35
36 0.93 0.84 0.36 10 0.94 0.92 0.36
4 1.05 1.08 0.11 1 1.00 0.99 0.25
29 1.02 1.02 0.17 16 0.95 0.95 0.34
40 1.10 1.26 -0.02 8 1.03 1.07 0.18
30 1.07 1.17 0.06 33 0.96 0.96 0.31
6 1.10 1.12 0.05 9 1.03 1.10 0.17
31 0.98 0.92 0.29 12 1.02 111 0.19
19 1.07 1.15 0.07 13 1.03 1.03 0.18
5 1.00 1.00 0.24 20 0.97 0.95 0.3
17 1.00 1.00 0.23 22 1.00 1.00 0.23
23 0.86 0.82 0.5 25 0.96 0.93 0.31
Appendix B.5.
Item difficulty, infit MNSQ, outfit MNSQ, and PTMEA correlation for SKT-social science.
Number INFIT OUTFIT PT-measure Number INFIT OUTFIT PT-measure
entry MNSQ MNSQ correlation entry MNSQ MNSQ correlation
37 0.88 0.73 0.4 17 0.97 0.93 0.3
21 0.92 0.93 0.31 12 0.99 1.01 0.26
13 0.9 0.75 0.4 4 0.94 1.02 0.31
11 0.98 1.05 0.23 23 1.01 1.05 0.2
19 0.94 0.88 0.34 39 0.98 0.94 0.29
2 0.99 0.99 0.24 35 0.89 0.85 0.43
7 1.02 1.15 0.15 6 1.02 1.00 0.21
9 0.97 0.96 0.27 15 0.95 0.92 0.33
34 0.95 0.9 0.32 16 1.07 1.28 0.07
18 1.01 1.09 0.18 25 1.03 1.00 0.2
27 0.97 0.92 0.29 24 0.99 0.97 0.26
1 1.03 1.07 0.17 32 0.94 0.92 0.34
3 0.98 0.94 0.28 14 1.12 1.13 0.03
38 1.05 1.02 0.17 26 1.02 1.00 0.2
10 1.03 1.10 0.16 29 1.04 1.05 0.16
31 0.95 0.89 0.34 36 0.92 0.9 0.37
8 0.92 0.86 0.38 40 111 1.40 0
20 0.93 0.87 0.37 30 0.95 0.92 0.33
22 1.05 1.07 0.15 33 1.13 1.55 -0.06
5 1.01 0.98 0.24 28 1.08 1.06 0.1

655



