Investigation of Preliminary Student Test Performance Data using the
ANOM Statistical Tool and Mixed Model Analysis
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Abstract: -( ( the differences among different programs and
( counties it was reasonable to suspect that the
$ 7 0 1 interactions among these factors may be
significant. Section 6 illustrates the use of the
( ( ( ANOM procedure for two-way effects, applied
( ( due to the results of previous analysis. For the
( final analysis, in section 7, a mixed model (with
2 schools and classes as random, nested effects)
was developed.
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1. Introduction -/ /0
/1$# #, [ #(
The research is based on the results of the ) + 0 / !
National exam in Mathematics organized by the v & ) ) )
National Center for External Evaluation of / / ) # 12 $
Education (NCVVO). The objects and functions 3345( 6 + / 715 + +
of NCVVO, among others, is to monitor and ’ # / / 15
evaluate global and regional performance of * /T ) "
students in order to improve the quality of - # - */ ,
Croatian  educational  system. National ’ $1 O ' 5
examination is a testing procedure conducted on * ) "
high school students with a goal to learn more /$# #, [/ #(6 0 )
about student knowledge and the educational $, /$# #, [ #1/
system. It also serves as a preparation for /[ ## ) "
students and teachers for the final high school ) )
exam which will be held as a standardized, ’ , [ # ) + ’
uniform test for the first time in 2009. / .
The paper is divided into the following 6 s st )
sections: After the introduction and the * # t#H /$
background of the National examinations project, " 8% o # 1,
Section 3 concentrates on the description and /0 (
history of the ANOM procedure. In section 4 we
present the global descriptive statistics and the 3. Analysis of Means (ANOM)
distribution of scores (globally and also by
programs and by different counties). The .8/ _
Shewhart procedure was used for visualization of ) / + .
the differences among programs and counties. In /, # !/,
section 5, we cover the results obtained from the +3 1% /
. . +

three-way analysis of variance. After detecting
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4. Data and Descriptive Statistics

Prior to the analysis, each student score was
divided by the highest possible score (maximum)
to yield a percent maximum score. In other
words, we used a relative scale ranging from O to
100. (Note: Test validity and reliability analyses
were performed, but are not part of this
presentation.)

4.1. Data Distribution

The distribution (of percent maximum
Mathematics score) is close to normal with
skewness of 0.35 and kurtosis of -0.7. The mean
score was 45%,, median was slightly lower
(43%). Standard deviation was approximately
22%, which is substantially higher than standard
deviations for the other exams (Croatian and

English percent maximum test scores each had a
standard deviation of approximately 15). The
distribution is shown in Figure 1.

N 2667.0
Mean 45439
Minimurm 2564
100.00
0420
jation 21708
0353
0703

Upper Quartie 61699
Median 42849
Lower Quartile 27885

Figure 1. Distribution of scores (expressed as
percent maximum score) on the National Exam
in Mathematics

4.2 The Shewhart procedure

Furthermore, differences in achievements
among the four gymnasium programs can be
seen on Figure 2. Each program represented by
one of the four boxplots is positioned relative to
the global overall mean. If the mean of the group
(represented by a cross) is above the upper
control limit for the global mean, group’s
performance is considered above average. If it is
below the lower control limit for the overall
mean, it is considered below average.

The control limits are automatically adjusted
for the varying group sizes. The legend at the
bottom of Figure 2 reports the minimum and
maximum group sizes.

From the Figure, we can see that the mean of
the program labeled 320204 (indicating
mathematical gymnasiums) is significantly above
the overall mean. Since the lower line on the
boxplot represents 1st quartile, we could say that
about 75% of the mathematical gymnasium
students scored above the global mean. On the
other hand, the mean score of students attending
the program labeled 320304 (indicating language
gymnasiums) is significantly below the global
mean with about 75% of scores falling below the
lower control limit for the global mean.

Additionally, we can see from Figure 3 that
the results are not uniformly distributed across
counties, either. It is also visible that the number
of students varies across the counties (e.g., the
number of students in district 9 is three times
lower than the number of students in an average
sized county.
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Figure 2. Differences in achievements among four gymnasium programs
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. Three-way Analysis of Variance
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The ANOM Procedure
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7. The mixed model analysis
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Table 2.0 * i # L #
Cov Parm Estimate
School(County) 33(.9
Class(County*School) 4 ..
Residual ©(;3
Table 3.)$, 2" L *
Num
Effect DF | Den DF | F Value Pr>F
Size . 3(9- 3( ;s
County 3 49 (3. 3(- 39
Program ( 3(33.
Size*County - . (9 3(--3
Size*Program ( 3(33
County*Progr. (-9 33 4
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Program DF DF | Value| Pr>F
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8. Conclusion

Several analyses were conducted using the
currently available data on student achievement
in Mathematics. Analysis of variance results
showed that Mathematics scores are on average
significantly different across regions, programs
and school size. Analysis of means was used to
identify those individual programs/counties in
which students achieved results that were
significantly better/worse than average.

The final, mixed model analysis, in which we
considered school and class as random (and
nested) effects, gave more conservative results.
We conclude that Mathematics scores differ
among programs, with only mathematics
program showing significant differences across
counties.

The main disadvantage of the analyses
presented in this research is the inability to
control for possible confounding variables
(student socio-economic status, data on teachers
and schools, etc.), data on which are currently
being collected.

Once this additional information becomes
available less biased estimation and comparisons
of student performance will be possible.
Additionally, a program of longitudinal studies
for continuous measuring and monitoring of
student achievement in a number of subject areas
over a period of at least five years should be
planned and implemented.
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