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Abstract

This study analyzes the performance profile of Chilean city-school students from different
socioeconomic strata, in relation to different sets of cognitive abilities specified in the
curriculum framework for mathematics education in their country. The study is
correlational and ex post facto in type, derived from the results of the math test of the
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System for Measuring Educational Quality (SIMCE*) applied to second-semester students
of the 2001 school year. The percentage of students at each performance level was
calculated, based on each student’s probability of correctly answering each of the test
guestions, using logistic function, associated with the two-parameter model of the Item
Response Theory (IRT). The results show that regardless of the set of cognitive abilities in
guestion, the performance profile follows a similar pattern. It was found that in general,
there is a linear decrease in the percentage of those who achieve superior performances
among students from low and medium-low strata, and exponential increases for middle-
class students.

Key words: Student performance, cognitive abilities, socioeconomic level, mathematics.

Resumen

En este estudio se analiza el perfil de desempefio, en relacién con los distintos conjuntos
de habilidades cognitivas que plantea el marco curricular para la educacion matematica
en Chile, por parte de alumnos pertenecientes a diferentes estratos socioeconémicos, que
asisten a establecimientos municipales. El estudio es de tipo post-facto correlacional, a
partir de resultados de la prueba de Matematica, del Sistema de Medicién de Calidad de
la Educacion (SIMCE), aplicada a alumnos de 2° medio, de la cohorte 2001. Se calcula el
porcentaje de alumnos que se encuentra en cada nivel de desempefio, a partir de la
probabilidad que tiene cada alumno de responder correctamente cada uno de los items de
dicha prueba, usando la funcidn logistica, asociada al modelo de dos parametros, de la
Teoria de Respuesta al item (TRI). Los resultados muestran que, independientemente del
conjunto de habilidad cognitiva que se trate, el perfii de desempefio sigue un
comportamiento similar, encontrandose que, en general, disminuye linealmente el
porcentaje de alumnos que alcanzan desempefios superiores para alumnos de los
estratos bajo y medio bajo, y aumenta exponencialmente para alumnos de estrato medio.

Palabras clave: Desempefio del estudiante, habilidades cognitivas, nivel socioeconémico,
matematicas.

Introduction

In Chile the curriculum framework for junior high school mathematics establishes
that the learning of the discipline is linked directly to students’ developing three
sets of cognitive skills. The first set relates to the use of standardizable
procedures, i.e. the use of routine procedures or algorithms. The second set of
skills relates to the structurization of concepts; it is expected that students be
capable of finding patterns and regularities that make up a logical chain of
arguments; and distinguish between suppositions and conclusions, among other
skills. The third set focuses on the development of those skills that enable

" For ease of reference, where the names of organizations have been translated from the Spanish,
their acronyms have been retained as given in that language. In the case of international
organizations or tests, etc., which have commonly-used acronyms in English, those acronyms have
been used.
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students to solve problems, especially those of a heuristic character, understood
as types of information available for making an appropriate decision by which to
resolve a problem in which where the student is expected to put her**
mathematical knowledge into practice. This latter set of skills is central to
development within the curriculum.

This set is also present in international evaluation, for example, in the Trends in
International Mathematics and Science Study (TiMss) (Mullis, 2002), which show
the relevance of the ability to solve problems. Thus, in countries that achieve high
levels of performance on international tests, a significant percentage of those
students who achieve an advanced level, are capable of organizing information,
making generalizations, solving non-routine problems, applying their knowledge
and establishing relationships through which to solve problems (Mullis, 2003).

Moreover, it is known that in junior high school education in Chile there is a strong
structural segmentation. In fact, over 50% of the city schools (of a lower
socioeconomic level) obtain an average lower than the national mean. Under this
strong segmentation of results there is an internal dispersion, not inconsiderable, in
the students’ learning achievements (Bellei, 2002). For example, the results of the
System of Educational Quality Measurement’s (SIMCE’S) mathematics test, applied
to 8th-grande students, shows that if you look at the total of students from low,
medium-low and medium socioeconomic groups, who are served by the municipal
sector, you will find that there is a difference of 52 points between the medium and
the low levels, and a difference of 43 points between the medium and the medium-
low sectors (SIMCE, 2002).

Moreover, there is evidence of that, within a group/year, quite high differences
exist; for example, a study done with the results of the siIMCE math test taken by
4th-grade students in 1999, established that 70% of the variance of the results was
explained by differences between classmates (Ramirez, 2003).

There is a great deal of evidence for the segmentation in Chilean education, and
for the wide variability seen in the results. However, there is no evidence
concerning the level of development of each of the different sets of cognitive skills
or cognitive domains established by the curriculum framework for the learning of
mathematics in Chile.

Therefore, based on the results of the 2001 siMCE Mathematics test, for students
attending city schools and from different socioeconomic strata, this study has the
following objectives, for the purpose of assessing the developmental state of the

” Translator’s note: Before the feminist movement arose, in situations including both genders it was
customary to use the masculine pronoun. Today, however, pronouns of both genders are used to
avoid what is now seen as sexist language. To avert the awkwardness of continually using “s/he”,
“his/her”, we shall, in this paper, sometimes use the feminine pronoun, and sometimes the
masculine.
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different sets of cognitive skills needed in the teaching of mathematics, as
established in the curriculum framework:

» To determine, for each of the sets of cognitive skills, the percentage of students
who achieve a certain level of performance for each of the different
socioeconomic strata established in municipal education.

* To determine the performance level profile observed for each of the sets of
cognitive skills in each of the different socioeconomic strata established in
municipal education.

To do this, performance levels were defined, based on students’ probability of
answering an item correctly, as calculated from the parameters of the Item
Response Theory (IRT) for each of the items of the different cognitive domains; for
each of the socioeconomic strata considered in the study, there was calculated the
percentage of students who achieved a certain performance level by answering
items of a particular cognitive domain.

Theoretical Framework

The curriculum framework for mathematics education in Chile argues that
mathematics is the discipline that provides elements allowing us to understand,
and above all, to have strong tools for solving problematic situations that we face
because we live in society. For this it establishes, in an explicit way, that learning
math during junior high school is directly associated with students’ specifically
developing three sets of cognitive skills. First, there are the skills involving the use
of measures that subsequently become routine procedures and algorithms;
second, the skills that enable them, among other things, to find patterns and
regularities, perform integration and synthesis of knowledge, distinguish between
suppositions and conclusions, form a logical chain of arguments, and so on. In the
words of the curriculum framework, they should know how to structure
mathematical concepts. Finally, it is expected that students develop the ability to
solve problems, i.e., that they know how to identify the unknown, to estimate its
order of magnitude; to seek and compare ways of solution; to analyze information,
interpret a solution, anticipate and assess results; systematize the method of trial
and error; apply and adjust models and formulate conjectures (Ministry of
Education [Ministry of Education], 2005).

In other words, each of these sets of cognitive skills or cognitive domains answers
to the central objective posed by the curriculum framework for mathematics
education in Chile: knowing how to solve problems. Thus, the first set of skills
emphasizes those tools that allows them to address a broad range of problem
situations; the second, how the student must integrate different mathematical
concepts that allow him to resolve a problem situation; and finally, it emphasizes
those skills that enable him to deal successfully with the resolution of problematic
situations.
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To define the performance levels, the IRT was used; this stems from the fact that an
individual’s response to a particular item is determined by the proportion of the
latent trait which each item attempts to measure, and which is supposed to vary
continuously along a single dimension of 8 (Patrick Griffin, 1999). This means that
for each of the questions there is an underlying feature of the variable to be
measured, that it has a direction and that it can be measured using a set of items
or tasks, which are used as indicators of position along this variable.

The principles that support this approach are the so-called principle of
unidimensionality, which requires that the examinee's response to the item be
determined by a single variable, generically called a latent trait (Muiiz, 2005); and
the principle of local independence, which indicates that the unit of measure has
the same meaning as it moves along the variable, and that the items are
independent of each other (Mufiiz, 1999).

This means that the same unit of measure is used to describe the ability of
individuals and the difficulty of the items. It implies that it is possible to organize
the subjects according to whether their level of skill exceeds or does not exceed
the items’ level of difficulty.

The IRT models assume that there is a functional relationship between the values
of the variable that measures the items and the probability of getting them right.
This means that the probability of getting an item right depends only on the values
of the variable measured by it (Mufiz, 1999).

A reasonable assumption is that each student, in answering an item on the test,
has some portion of the underlying trait that item is supposed to measure. In this
way, for every level of ability in which an examinee is located, there will be a
certain probability of answering that item correctly. In a typical case this probability
will be small for examinees of low ability, and great for those of high ability (Baker,
1995). By plotting such probability, based on the level of skill, one obtains a curve
called the item characteristic curve. Through it one can estimate of the probability
that an examinee possessing a certain level will answer that item correctly.

To define these curves fully, different parameters are used, and the model used is
in accordance with the number of these. In this study we have adopted the two-
parameter model, which uses parameter a, called the index of discrimination, and
whose value is proportional to the slope of the line tangent to the curve at the point
of maximum slope, and parameter b, which corresponds to the item’s difficulty,
defined as that level of the subjects’ skill for which he has a 50% probability of
responding correctly to the item. The mathematical expression of this model is:

_ €
HO= e

a; (H—b,)

Where 0 is the level of ability, a is the discrimination, and b is the parameter of
difficulty.
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Therefore, knowing the parameters of the item and the subject’s level of skill
makes it possible to determine the probability that this subject will answer this item
correctly.

In brief, the mathematics curriculum framework establishes that learning
mathematics is associated with the development of those sets of skills that permit
the resolution of problematic situations, and moreover, the IRT allows one to
estimate the probability that a student of a certain level of skill would have for
answering an item correctly. This allows, in principle, the definition of performance
levels, depending on whether examinees have more or less probability of
responding correctly to items of the same cognitive domain.

Methodology

The focus of this research is quantitative, since based on numerical data, it
attempts to describe the level of performance in Mathematics that city-school
students of different socioeconomic strata will achieve.

The study is of the post-facto, correlational type: based on results obtained by 8th
graders in city schools, on the siMCE Mathematics test applied in Chile in 2001.
We analyzed the relationship between the level of performance achieved by a
student of a certain socioeconomic stratum, together with each of the sets of
cognitive skills or cognitive domains measured by the items of the test in question.

The design is non-experimental, since it is limited to the study and analysis of
results, without the direct intervention of these. Furthermore, it is of a transactional
design, since the data were all collected at once.

The research was conducted based on a population of 90,703 students: 28,948
students of low socioeconomic status; 48,246 students of medium-low
socioeconomic level; and 13,509 students of medium socioeconomic level.

The socioeconomic levels were defined based on average income, average
educational level of parents, and the Scholastic Vulnerability Index, which reflects
the percentage of an institution’s students who are in situation of vulnerability at
school, calculated on the basis of a survey performed by the JuNAEB.? These
variables are presented in Table I.

Table |. Data that define each of the socioeconomic levels

Socioeconomic Average scholarity Average income Vulnerability index
level (years) ($in 2001) y

Low 7 111,000 56%

Medium low 9 167,000 31%

Medium 12 323,000 10%
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For a given level of ability, estimated from the distribution of scores, there was
calculated the performance level belonging to it, according to the probability of
responding correctly to each item on the test, based on the logistic function of the
IRT two-parameter model, and the basic principle that the higher the subject’s level
of skill, the greater the probability of her responding correctly to an item.

Bearing this principle in mind and taking in account that according to the IRT, an
item’s level of difficulty is associated with that level of skill which portends a 50%
probability of answering correctly, it was considered that an acceptable
performance level was achieved when the probability of answering correctly was
greater than 50%, and was insufficient when the probability of answering correctly
was less.

For the purpose of having a greater discrimination between performance levels,
there were established a priori five levels associated with the probability that
students would respond correctly to each of the items of the test. Table Il identifies
these levels.

Table Il. Performance Levels based on the probability of answering correctly

Performance levels Probability of answering correctly
Insufficient Less than 40%
Deficient Greater than or equal to 40% and less than50%
Basic Greater than or equal to 50% and less than60%
Medium Greater than or equal to 60% and less than75%
High Greater than or equal to 75%

With the performance levels defined, there was calculated the percentage of
students associated with each, when they answered items from a specific cognitive
domain or set of cognitive skills.

Results
Table 11l shows the percentages of city-school students of low socioeconomic level,
achieving a certain level of performance when they answered an item belonging to

one of the sets of cognitive skills or cognitive domains from Chile’s curriculum
framework for mathematics education.
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Table Ill. Percentage of students of low socioeconomic level who achieve
a certain level of performance by cognitive domain

Cognitive domain Performance
9 Insufficient Deficient Basic Medium High
Standardizable 36 o5 18 15 6
procedures
Problem-solving 42 27 18 10 3
Structurization 37 24 19 16 4
of concepts

Table 1l shows that both for items that refer to the use of standardizable
procedures and for knowing how to structure mathematical concepts, only 39% of
this type of students achieved an acceptable level of performance, i.e., had more
than a 50% probability of answering these items correctly; while the percentage of
students achieving an acceptable level of performance in resolving problematic
situations was only 31%.

In turn, we see that for the three sets of cognitive skills there was a similar
percentage of students, around 18%, who achieved a basic level of performance,
that is, they minimally exceeded the difficulty level of the items.

Figure 1 shows the profile of the performance level for each of the sets of cognitive
skills established in the mathematics curriculum framework.
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Figure 1. Profile of performance level, by set of cognitive abilities,
for students of low socioeconomic level
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The same type of profile was observed for the three sets of cognitive skills. These
are shown as following a nearly linear behavior with a higher rate of descent, in the
case where students’ own problem-solving abilities came into play. The behavior
was similar for items in which they had to apply some standardizable procedure, or
for those in which the skill had to do with knowing how to structure mathematical
concepts.

This can also be seen in the full range of performance levels, for items in which
one had to apply one of the problem-solving skills themselves. However, it can be
seen that for those in which one had to make use of a routine procedure or develop
some kind of skill permitting structurization of the various mathematical concepts,
the difference between the percentage of students who achieved a basic
performance and those who achieved a medium level of performance was less
significant.

Table IV shows the percentages of students of medium-low socioeconomic level
attending city schools, and who achieved a certain level of performance for each of
the sets of skills or cognitive domains considered in the context of the Chilean
mathematics curriculum.

Table IV. Percentage of students of medium-low socioeconomic level who achieve
a certain level of performance when they answered items of a specific cognitive domain

Cognitive domain Performance s

9 Insufficient Deficient Basic Medium High
Standardizable 32 29 19 18 9
procedures
Problem-solving 38 26 19 13 4
Structurization 32 24 20 18 6
of concepts

We see that the percentage of students achieving acceptable levels of
performance, that is, those students who had a probability of greater than, or equal
to 50% for answering an item correctly, was 46% when considering only items that
involved the use of standardizable procedures. The percentage decreased to 44%
when considering items in which the core skills consisted in knowing how to
structure various mathematical concepts, and decreased to 36% when considering
those items in which the main skill referred to problem-solving.

As for students of a low socioeconomic level, it can be seen that there was no
increased distinction regarding the various cognitive domains, for those who
achieved a basic performance, found in around 19%.

Figure 2 shows the profile for the percentage of students who achieved the various
performance levels.
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Figure 2. Profile of performance level, by set of cognitive abilities,
for students of medium-low socioeconomic level

The results show a behavior similar to that of students of low socioeconomic level;
that is, the higher the desired level of performance, the lower the percentage of
students achieving these performance levels, regardless of the cognitive domain or
set of skills analyzed. It can be observed, therefore, that they follow a roughly
linear behavior, with a higher rate of decline for the profile obtained based on
performance in items involving those skills that put into play those abilities that
allow resolving problematic situations—which further demonstrate that, both in
considering items which involve the use of standardizable procedures and in
knowing how to structure mathematical concepts, there was approximately the
same rate of descent.

Moreover, when considering only items having to do with problem-solving, we
observe that the different performance levels that have been defined are not
completely distinguishable. This did not happen when we considered items in
which the main skill was that of carrying out routine and algorithmic procedures,
where there was no greater difference in the percentage of students achieving a
deficient level of performance and those achieving a medium performance level.

Furthermore, we can see that both for items in which some algorithmic procedure
had to be used, and for those in which one had to structure some mathematical
concept, there was a break in the trend of the performance profile, when it reached
a medium level.

Finally, Table V shows the percentages of city-school students of medium
socioeconomic level, who achieved a certain level of performance when answering

Revista Electrénica de Investigacion Educativa Vol. 12, No. 1, 2010 10
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items of some of the sets of cognitive skills or those of cognitive domain, as
required in Chile’s mathematics curriculum framework for.

Table V. Percentage of students of medium socioeconomic level who achieved a specific

level of performance when they answered items of a particular cognitive domain

Cognitive domain Performance s

9 Insufficient Deficient Basic Medium High
Standardizable 16 16 18 o5 o5
procedures
Problem-solving 19 21 20 23 16
Structurization 15 18 18 26 23
of Concepts

The results show that when considering only those items in which the skills
developed by the student had to do with the use of standardizable procedures,

68% of this type of students achieved an acceptable level of performance, i.e., they

had a performance such that the probability of their answering one of these items
correctly was equal to, or was above 50%. A similar percentage of students was
obtained when one considered items that had to do with knowing how to structure

mathematical concepts.

In turn, when there were considered items that involved

problem-solving as the principal skill needed, the percentage of students achieving
a level of acceptable performance reached 59%.
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Figure 3. Profile of performance level, by set of cognitive abilities,

for students of medium socioeconomic level

The performance profile observed for each set of cognitive abilities shows that in
the case of problem-solving, the percentage of students who maintained an
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insufficient level of performance and those that achieved a medium performance
level was more or less stable, decreasing significantly in the case of those who
achieved a high level of performance with these types of questions.

At the same time, we see that in the case of items involving the use of
standardizable procedures, there was a tendency to increase, in an approximately
linear manner, the percentage of students achieving higher performances. It is
important to emphasize that there was no greater difference between the
percentage of students who remained at an insufficient level of performance, and
those who achieved a deficient level of performance when answering items of this
set of cognitive abilities; however, when increasing the level of performance from a
deficient level to a medium, the percentage of students increased significantly, with
the rate of growth decreasing when moving from a medium performance level to a
high one.

On the other hand, it was observed that when dealing with performance on items
involving knowing how to structure mathematical concepts, the percentage of
students achieving the various performance levels increased gradually from an
insufficient level to a medium level. The rate of growth was reversed when it varied
from a medium performance level to a high level.

Discussion of results

The results show that the students’ socioeconomic level influences the
performance-level profile observed for different cognitive abilities that arise in the
context of Chile’s mathematics education curriculum. Thus, for items involving the
use of standardizable procedures, when weighting by the number of students
present for each socioeconomic stratum, and maintaining the proportions between
the total number of students, and the number of students for each performance
level, we see that the percentage of students of low socioeconomic level
decreases in an almost linear manner; for students of medium-low socioeconomic
level, it remains more or less constant; and for students of medium socioeconomic
level, there was an almost exponential increase, in relation to those that achieved a
high level of performance, as shown in Figure 4.

Revista Electrdnica de Investigacion Educativa Vol. 12, No. 1, 2010 12
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Figure 4. Profile of performance level by socioeconomic stratum,
for items that involved the use of standardizable procedures

Now, when we consider items in which the skills of problem-solving itself come into
play, and when there are maintained the proportions for each socioeconomic
status: between the students at each performance level, and the overall number of
students, we have the following profile.
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Figure 5. Profile of performance level by socioeconomic stratum,
for items that involved problem-solving abilities

In it we see that for students of low socioeconomic level, the percentage of
learners decreased in an approximately linear fashion in relation to those who
achieved superior performance. For students of medium-low socioeconomic level,
we observed that the percentage of students remained fairly constant between
those who were in an insufficient performance level and those who achieved a
medium level of performance, decreasing the percentage of those who achieved a
high level of performance. Finally, we noted that the percentage of students
achieving higher levels of performance increased exponentially for students of a
medium stratum.

A similar behavior was observed for items that involved using abilities for the
structurization of mathematical concepts, as shown in Figure 6.
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Figure 6. Profile of performance level by socioeconomic stratum,
for items that involved abilities for the structurization of mathematical concepts

Conclusion

The results of this study show that the different sets of cognitive skills required by
Chile’s curriculum framework for mathematics education have, for each
socioeconomic stratum, approximately the same type of profile. Thus, we found
that for students belonging to a low socioeconomic stratum, the percentage
achieving higher levels of performance decreased in an approximately linear
manner. Moreover, for students of a medium-low socioeconomic stratum, there
was observed an approximately constant performance profile up to a medium level
of performance, decreasing in the case of a high performance level. Finally, for
students belonging to a medium socioeconomic level, it was shown that the
performance profile increased in an exponential manner. This shows that the
training of different cognitive skills is affected by students’ socioeconomic levels.

On the same subject, a recent study on the training of cognitive skills in
elementary-school students in Mexico reveals that significant differences were
produced with regard to the different socioeconomic strata (Mayer, 2008). These
results are consistent with those of the present study.
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This research can be complemented with other studies, such as carrying out an
analysis of the profile of the various performance levels for the same cognitive
abilities with other groups of students, so as to verify whether the same trends will
be observed. A second line of research could be aimed at determining these
profiles using the same type of evaluation over time, to see if the trends shown in
this study are maintained.
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at protecting the rights of Chilean children and youth in a vulnerable biopsychosocial situation, so as
to help them enter, remain within, and succeed in the educational system.

Revista Electrdnica de Investigacion Educativa Vol. 12, No. 1, 2010 17



