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Abstract—The present study aims to perform a comparative
analysis of 6 courses using the Rasch model with a sample of
1398 students (M = 12.5, SD = 0.67) from 8 schools in the
province of Alicante (Spain). The fist data analysis showed a
misfit of the model. After recoding the categories (from 9 to 4),
a good fit was observed in most of the courses. The differential
item functioning (DIF) by gender was significant in the visual
arts education course. The measurement of a single latent
construct is confirmed in this study.

Keywords—educational evaluation, construct comparability
approach, Rasch model.

.  Introduction

The evaluation processes in Spain are based on
conducting non-standaridized written test, as well as the
assessment of attitudinal variables observed in the
classroom. The curriculum employeed let teacher to know
the evaluation criteria in each of the academic courses,
taking a final grade that serves as an indicator of the
academic achievement process [1], [2]. This kind of
assessment has been improved with studies at the
international level, such as the Trends in International
Mathematics and Science Study (TIMSS), International
Assessment of Literacy Survey (IALS) and the Programme
for International Student Assessment (PISA), in where
standardized tests are used to measure academic
performance [3], [4].

Standardized achievement tests provide objective,
reliable measures, with greater use in the field of educational
evaluation on a large scale. Despite considering academic
grades and test performance as complementary [5], it is
possible that test performance is not an appropriate measure
for current student performance [6]. However, there are no
studies in Spain which demonstrate the adequacy or
inadequacy of the use of academic grades for analyzing
performance at the local or national level, although
traditionally grades have been conceived as good indicators.
Furthermore, academic grades are used in University
Entrance Examination to access to higher education. In this
sense, it is necessary to ask the following question: Are
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grades for 2 different courses comparable? Moreover, are
the grades obtained in various courses actually good
indicators of academic performance? In the present study,
the comparison of academic grades is observed under the
construct comparability approach, which is based on the
application of the Rasch model.

The construct comparability approach is a new
conceptualization of the term “comparison”, based on the
integration of the performance approach and the statistical
approach [7]. This model indicates that when comparing 2
elements, whatever they may be, they must have something
in common that serves as the basis for this comparison. Just
as 2 tests can be compared based on their measurement
using the same scale, in the context of comparing academic
grades, we can only compare those that measure a shared
construct, in our case, academic performance. The premise
of this approach would be as follows [8]: Two grades from 2
students are comparable if the performance of both students,
which corresponds to the same level of the latent construct
that they share, leads to the same grade.

According to this postulate, the difficulty of a course will
correspond to a specific level established in the latent
variable; that is, a course will be more difficult than another
to the extent that, to achieve a higher grade, a higher level of
performance or ability is needed. If the latent construct is
changed, this relationship may easily be the inverse [9].

The theoretical approach presented has its functionality
through the Rasch model [10] [11]. This model establishes
that the difficulty of the items and the ability of the subjects
can be measured on the same scale, and the likelihood that a
subject responds correctly to an item is based on the
difference between the ability of the subject and the
difficulty of the item. Both measures (ability and difficulty)
are estimated using logit units because the scale used by the
model is logarithmic. Using the same measurement scale
establishes homogeneous intervals, which means that the
same difference between the difficulty parameter of an item
and the ability of a subject involves the same probability of
success along the entire scale [12]. It is important to
highlight that, in this case, data must fit the model to be
accepted. This adjustment can be conducted using residual
measures, and can be standardized for a particular item or
subject in 2 ways [13]:

- Outfit: This is the root mean square of the residuals,
divided by the degrees of freedom. This measure
can be interpreted as an overall measure that
expresses whether the answers given to a particular
item will fit the model.

- Infit: This measure eliminates the extreme scores
that influence the outfit in such a way that uses the
residuals of the individuals whose ability levels are
in the closest range to the particular item.

Statistical infit and outfit are calculated based on root
mean squares, depending on the statistical value of
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Pearson's chi-squared divided by the degrees of freedom,
thus forming a scale with values that can range from 0 to
infinity. Values below 1 indicate a higher than expected fit
of the model, while values greater than 1 indicate a poor fit
of the model. Thus, if we have an infit value of 1.40, then
we can assert that there is 40% more data variability
compared to the model's prediction; while an outfit of 0.80
indicates that 20% less data variability is observed with
respect to the model's prediction.

We start from the consideration of each of the courses
as a specific item, with the range of grades from 1 to 10,
which implies various degrees of success. The partial
credit model [14] enables an analysis of the difficulty of
achieving a specific score for each of the courses
separately, following the Rasch methodology. The
formula of the model is as follows:

Ln (P ij/Puigy) =Bn—DiFj=B,—Dj (1)

where:

P j is the probability of subject n responding correctly
to item i observed in category j;

B , is the measured ability of subject n;

D ; is the measured difficulty of item i; and

F i is the calibration measured for item i in category j
compared to category j-1, the point at which categories j-
1 and j are equally likely compared to the measurement
of the item.

According to this model, the present study proposes to
analyze whether different courses are able to measure the
same latent construct.

n. Method

A. Sample

The cluster sampling technique was used, with the
school as the sampling unit. A total of 8 schools in the
province of Alicante were included; 2 schools were private,
while the reminder were public. A total of 1456 students in
the first and second year of Compulsory Secondary
Education participated in the study. Of these, 58 were
excluded due to coding errors or the lack of qualifications,
leading to a total of 1398 subjects (n = 1398). A total of 53%
of the students were mal, and 47 % were women, with an
average age of 12.5 years and a standard deviation of 0.67.
A total of 1137 participants (81.4) were enrolled in a public
school, while 261 (18.6%) were enrolled in a private school.
A total of 52.4% of students were from the first grade of
E.S.O., and 47.6% were from the second grade of E.S.O.

B. Measures

For the present analysis, General Points Average
(GPA’s) from 6 courses, which teachers provided at the end
of the school year, were considered. The courses recorded
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were Spanish language and literature, natural sciences,
social science, mathematics, English and physical education.
Students scores showed high reliability, with a Cronbach’s
alpha of 0.93 for the first grade and 0.94 for the second
grade.

c. Procedure

In the first place, permissions were requested from the
educational administration and school boards of the various
schools. After obtaining the permits, the parents or legal
guardians of the students had to provide the corresponding
informed consent. Data collection was performed in the
schools themselves during the second trimester of the 2011-
2012 school year and during normal school hours.
Collaborating researchers were previously trained in the
standards and guidelines for data collection. Students and
parents participated voluntarily, and the parents signed and
informed consent form that ensured data confidentiality at
all times.

D. Data Analysis

The partial credit model was used with WINSTEPS version
3.81 statistical software [15], whose estimates were based on
the joint maximum likelihood [16] [17].

. Results

Table 1 shows the courses analysed, the indices of fit,
and the item-scale correlation. We used an approximate
range of 0.8-1.2 for infit and outfit [13], in addition to the
observation of each of the item characteristic curves (ICCs).
In Table 1, it is observed a lack of fit in a number of courses,
which assumes a lack of fit for the subjects” pattern of
responses with respect to the model. Furthermore, in the
ICCs we see categories whose highest response probabilities
are exceeded by adjacent categories, especially the lowest
categories. This situation implies that the pattern of
responses does not adequately fit the model and that
reconversion of the performance categories for all courses
may be appropriate.

TABLE 1: STATISTICS OF FIT FOR THE COURSES IN THE
FIRST AND SECOND GRADES IN ESO.

Courses Count Infit Outfit

Spanish language 1396 .62 .63
and literature

Natural sciences 1398 .60 .60
Social sciences 1394 .88 .86
Mathematics 1391 .94 .93
English 1397 1.16 1.13
Physical Education 1392 1.53 1.87

Based on the qualitative scores of schools, recoding was
performed using the following values: 1 for categories 1, 2,
3, and 4 (“poor™); 2 for categories 5 and 6 (“sufficient” and
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“good”); 3 for categories 7 and 8 (“notable”); and 4 for
categories 9 and 10 (“outstanding”).

The new calibration of the courses provided a better fit
for the data (see Table 2), except for physical education
(Infit = 1.43; Outfit = 1.52). The analysis of Differential
Item Functioning (DIF) estimated the distribution of the
difficulty parameter in the sample of boys and girls in each
course. The differences found in the courses were not
statistically significant, with p > 0.001. Thus, physical
education was removed to estimate the new model. As
shown in Table 2, the difficulty indexes for the courses are
in the 0.8-1.2 range.

For the analysis of unidimensionality, a principal
components analysis of the residual scores was conducted
[18]. The results showed a principal factor that was able to
explain 69.3% of the variance of the latent trait, with a wide
difference between the weight of the first factor and the next
(Eigenvalue = 1.4), which favours the unidimensionality of
the model.

Although not shown, the ICCs fit the model, which means
that the greater the ability of the subjects is, the greater the
probability of obtaining a high grade in the course.

TABLE 2. INDICES OF FIT FOR FIRST AND SECOND GRADES OF
ESO WITH RECODED VALUES

Iv. Discussion
In the educational contexts, academic grades have been

Courses Count Infit Outfit
Spanish 1396 0.75 0.79
Language and
Literature
Natural 1398 0.75 0.75
Sciences
Social 1394 0.83 0.83
Sciences
Mathematics 1391 0.94 0.99
English 1397 1.03 1.04

used frequently in a lot of empirical studies. In this article,
based on the theoretical aspects of the concept of construct
comparability, and empirical study is conducted that uses
academic grades and the Rasch model.

In light of the results, we may assert that the hypothesis
is partially confirmed. It was necessary to reduce the number
of categories for all courses and eliminate the physical
education course to obtain adequate levels of fit [19], [20].
Furthermore, no DIF was observed in the analyzed courses.

With the adjustment of categories, it can be assumed that
all of the courses aim at measuring overall academic
performance, showing optimal values of factor loadings in
the principal component analysis, confirming the
unidimensionality of the construct.

The partial credit model is employed in the calculation of
the difficulty indices for each course, which allows us to
know the ability level required by the subject to achieve a
certain grade. Family Rasch measures has been widely used
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in educational studies, as it is an effective tool of analysis.
However, it is important to consider the numerous cognitive
and non-cognitive variables that could affect academic
results [21], [22].

According to the results, Spanish category grades are
strongly recommended to be reduced , especially in the
lowest categories. In the present study, it was found that in
all schools analysed, the grades 1,2 and 3 are assigned in a
very low proportion in all courses. In addition, a wider range
of grades leads to a more heterogeneous distribution of
evaluation criteria than the standards indicate. In this regard,
schools in countries such as the United Kingdom used
smaller grade ranges [23].

The completion of this study at the provincial level has
enabled us to approximate construct comparability analysis,
confirming the possibility of conducting future studies
analogous to the English studies [8], i.e., using the scores of
participants in the PAU exams or the future final assessment
tests that will be taken in Primary Education and
Compulsory Secondary Education. Thus, national data may
be obtained that would enable a better comparison of the
courses and their relative weight on each of the exams and
conclusions concerning the implications of the use of grades
in the selection process for students in higher education.
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