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In this paper we analyse the responses given by 643 Mexican students from Secondary Education
and High School to a problem involving the comparison of ordinal data. Using some ideas from
the Onto-semiotic approach proposed by Godino and colleagues, we carry out an analysis of the
open responses, taking into account the central tendency measure used in the comparison and the
students’ conflicts. We use the Chi-square test to study the possible dependence between responses
and school level. We observe better results in secondary school students who use median and mode
more frequently, although they also tend to omit the response more frequently.

INTRODUCTION

Central tendency measures (mean, median and mode) were the focus of different research,
by Pollatsek, Lima and Well (1981), Barr (1989), Cai (1995), Gattuso and Mary (1996), Watson
and Moritz (2000) or Cobo (2003), who described errors and difficulties in the learning of these
concepts in students of different ages. These works of research have concentrated mainly on tasks
where data are measured in interval scale. However, in exploratory data analysis, that is actually
recommended in the mathematics curriculum for Secondary education, order statistics, such as the
median which are specially relevant with ordinal data, are given much attention. So, it would be
important for statistics education in secondary and high school to take into account this kind of
data. The aim of this paper is to analyse the difficulties that students might have, when comparing
two ordinal data sets in a familiar context.

Theoretical framework and previous research

This paper is based on the Onto-semiotic approach proposed by Godino, Batanero and Font
(2007). These researchers take the idea of “semiotic function” from Eco (1995) as a
correspondence between an expression (initial object or sign) and a content (the final object; what
is represented), which is fixed by a rule of correspondence that relates the expression to the
content. They suggest that any possible mathematical object (concept, property, argument,
procedure, etc.) may play both the role of expression and content in a semiotic function. A semiotic
conflict appears when students’ interpretation of mathematical expressions do not agree with what
is expected by the teacher or the researcher. These semiotic conflicts produce errors in the students
which are not due to the student’s lack of knowledge, but to the fact that students establish an
incorrect correspondence between the two terms in a semiotic function. The aim of this work is to
determine possible semiotic conflicts related to median in secondary and high school students.

Understanding the median. Previous research suggests that the idea of median is not clear
for students, who either interpret this concept as the center of “something”, without understanding
what exactly this “something” is (Barr, 1980) or have difficulties in computing the median.
Students do not understand why we use different algorithms to compute the median, depending on
the kind of data and do not perceive how this computation is deduced from the median definition
(Schuyten, 1991). They also find obstacles to estimate the median when data are given in a graph,
make mistakes due to the lack of proportional reasoning and are unable to handle inequalities
associated to the computation of median (Estepa, 2004). Other mistakes found by Carvalho (2001)
are not ordering the data when computing the median; confusing frequency with variable value and
confusing the mean and median.

Comparing distributions. Konold, Pollatsek, Well and Gagnon (1997) suggested that the
use of central tendency measures to compare data sets is not intuitive. Students usually focus on
absolute frequencies, instead of using relative frequencies even when the sample sizes are very
different. Batanero, Estepa and Godino (1997) described the following incorrect strategies when
comparing two distributions: a) using only isolated values to compare the distributions; b)
expecting a similar change in all cases for related samples. Watson and Moritz (2000) classified
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these strategies according to a hierarchy model. While on a first level students are able to compare
equal size set, on a second level they can compare unequal size data sets using a proportional
reasoning. While previous research focused on data measured at interval scale, Cobo (2003) used
an item with ordinal data. In this paper, we carry out an in depth study of students’ answers to this
item and analyze the differences between Secondary and High school students.

METHOD

The sample was formed by 518 Mexican students from two different educational levels:
356 High school students (17-17 years old) from six different schools and 162 Secondary students
(14-15 years old) from two schools. All of them had studied central tendency measures in the same
year in which we administered the item for about one month and two months before doing the test.
The problem included below was taken from Cobo (2003). Since data represent values of an
ordinal variable we cannot compute the mean. The central tendency for this data can only be
summarized by the median or mode. To solve the item students also require some knowledge about
the mean (for example that the mean is not an appropriate measure for ordinal data).

Problem. A teacher classifies his students in four categories: A, B, C or D, depending on their
performance. A is the best mark and D is the worst (when the student got a D he or she has not
passed the exam). The following data show the results in two groups of students:
Groupl:DCCBBAADDDCCCBAADCCAAAA

Group2: AADDCBCBDDABCADBB

Which group has obtained better scores? Which central tendency measure would you use to
represent these data?

In order to solve this problem (ordinal data; odd number of data) we should compare the median in
both groups. The comparison of medians is preferable to the comparison of modes in this problem,
because the median takes into account the order of data and not just the frequency of values. In
order to compute the median in each group, the students must order the data and look for the
central value in each group. In the second part of the item the expected answer is the median.

RESULTS
Once the students” answers were collected, we started a cyclic process of categorization by
comparing similar answers, and produced the following categories:

C1. Responses based on the median. In this category we have got the following responses: C1.1.
Correct computation of the median. C1.2. The student tries to compute the median in both groups
but cannot finish the problem. C1.3. Gives a correct answer to the second part of the item but does
not compute the medians.

C2. Responses based on the arithmetic mean. In these answers the student transforms the data set
into quantitative data. The answer would be correct if, once the data were transformed to numerical
data, the student had computed the median. However, the student does not discriminate between
the different types of data and is not aware that the mean cannot be computed in ordinal data. We
found the following categories:

C2.1. Transforming the ordinal data and computing the mean correctly. The student assigns
numerical values to the different categories, computes the arithmetic mean correctly in each group
and compares the means. C2.2. Conflict in the mean algorithm. Similar to the previous response,
but with errors in the computation of the mean. C2.3. Applying different transformation to each
group and computing the mean. C2.4. Computing the mean of relative frequencies. The values
obtained in both groups are almost equal, because the sum of relative frequencies is 1. C2.5.
Obtaining the expected number of students in each category if there were no differences between
groups. The student computes a mean frequency in each category of the variable, dividing the total
number of students in each category in each group by two. C2.6. A similar strategy is computing
the mean number of students in each category, dividing the total number of students in the group
by the number of categories. That is, the students compute the expected number of students in each
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category in a uniform distribution in each group. C2.7. The student suggests he needs to compute
the mean in each group, but does not perform the computation.

C3. Responses based on the mode. The student uses the modes to make the comparison, computing
the modes correctly.

C4. The student does not use the central tendency measures to solve the problem, showing a
deficient knowledge of distribution. The same behaviour was found in Batanero, Estepa and
Godino (1997); Konold, Pollatsek, Well and Gagnon (1997) and Cobo (2003). We found the
following categories: C4.2. Computing percentages or relative frequencies in each category. C4.2.
Computing maximums or minimums. C4.3. Comparing only absolute frequencies to solve the
problem. C4.4. Giving a variable value (for example “B”) in part 2 of the problem, without taking
into account the central tendency measures.

Table 1. Frequencies and percentages of responses to item

Categories of responses Frequency %
C1.1. Correct computation of the median 34 6.56
C1.2. Ordering the data without finishing the computation of median 1 0.19
C1.3. Correct response without justification 42 8.11
C2.1. Transforming ordinal data and computing the mean correctly 97 18.73
C2.2 Conflict in the algorithm of the mean (dividing by an incorrect
number) 1 0.19
C2.3. Applying different transformation to each group and comparing means 3 0.58
C2.4. Computing the mean of relative frequencies 10 1.93
C2.5. Obtaining the expected number of students in a uniform distribution 15 2.90
C2.6. Suggesting we need to compute the mean, without actual computation 60 11.58
C3.1. Correct use of the modes to make the comparison 55 10.62
C4.1 Comparing percentages or relative frequencies in each category 20 3.86
C4.2. Comparing maximums or minimums 17 3.28
C4.3. Comparing absolute frequencies 77 14.86
C4.4. Not taking into account central tendency 12 2.32
C5. Does not justify the answer 10 1.93
C6. Does not answer 64 12.36
Total 518 100
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Figure 1. Results by educational level

The most frequent answer was using the mean, in general, correctly. 10.7% of the students used the
mode correctly and only 7% of the students computed the median correctly, although 8% gave the
correct answer, without computation. 26% of them gave answers not related to central tendency
measures, a problem also described in Estepa (1993) who pointed out that this response suggests a
local conception of statistical association, believing that association (or the difference) can be
analysed by taking into account only a part of the data. Consequently, these students have
difficulties with the idea of distribution, whose understanding implies being able to compare
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distributions using central tendency and spread measures (Konold & Pollatsek, 2002). If we group
students by educational level (Figure 1), results are better in Secondary students, who used the
median more frequently although they also gave more blank answers. Differences were statistically
significant in the Chi-square test (Chi=48.04; 4 df, p=0.0001).

CONCLUSIONS

Our results show that the comparison of ordinal data, even in a familiar context, is not
intuitive and it is even harder for high school students than for secondary students. Teaching does
not seem to help to develop this intuition in our students. Moreover, our analysis confirms the
existence of the following conflicts described in previous research: a) not using central tendency
measures to compare two groups; b) computing the mean in an ordinal data set; c) not
discriminating between ordinal and numerical data. We have also found the following new
conflicts: Confusing central tendency measures with variable values; confusing mean with absolute
frequencies; percentages with absolute frequencies; variable value with frequency; confusing
ordinal variables with quantitative variables; establishing a correspondence that does not preserve
the measurement scale. This list suggests the need to improve teaching that should consider the
work with ordinal data, and also reinforce conceptual and procedural knowledge related to mean
and median, and with more basic ideas such as statistical variables and distributions.

REFERENCES

Barr, G. V. (1980). Some student’s ideas on the median and the mode. Teaching Statistics, 2, 38-
41.

Batanero, C., Estepa, A., & Godino, J. D. (1997). Evolution of students’ understanding of statistical
association in a computer-based teaching environment. In J. B. Garfield & G. Burrill (Eds.),
Research on the Role of Technology in Teaching and Learning Statistics. 1996 IASE Round
Table Conference (pp. 183-198). University of Minnesota: IASE.

Cai, J. (1995). Beyond the computational algorithm. Students’ unsderstanding of the arithmetic
average concept. In L. Meira (Ed.), Proceedings of the 19th PME Conference (v.3, pp. 144-
151). Universida de Federal de Pernambuco, Recife, Brazil.

Carvalho, C. (2001). Interacao entre pares. Contributos para a promocao do desenvolvimiento
I6gico e do desempenho estatistico no 7° ano de escolaridade. Tesis Doctoral. Universidad de
Lisboa.

Cobo, B. (2003). Significado de las medidas de posicion central para los estudiantes de secundaria.
Departamento de Did4ctica de la matematica. Universidad de Granada.

Eco, U. (1995). Tratado de semiotica general. Barcelona: Lumen, 1976.

Estepa, A. (2004). Investigacion en educacion estadistica. La asociacion estadistica. In R. Luengo
(Ed.), Lineas de investigacion en Educacion Matematica, (pp. 227-255). Badajoz: Servicio de
Publicaciones de la Federacion Espafiola de Sociedades de Profesores de Matematicas.
Universidad de Extremadura.

Gattuso, L., & Mary, C. (1996). Development of concepts of the arithmetic average from high
school to University. In Proceedings of the 20th Conference of the International Group for the
Psychology of Mathematics Education. (Vol. I, pp. 401-408). Universidad de Valencia.

Godino, J. D., Batanero, C., & Font, V. (2007). The onto-semiotic approach to research in
mathematics education. ZDM. The International Journal on Mathematics Education, 39(1-2),
127-135.

Konold, C., Pollatsek, A., Well, A., & Gagnon, A. (1997). Students analyzing data: Research of
critical barriers. In J. B. Garfield & G. Burrill (Eds.), Research on the role of technology in
teaching and learning statistics. Voorburg, The Netherlands: International Statistical Institute.

Pollatsek, A., Lima, S., & Well, A. D. (1981). Concept or computation: Students’ understanding of
the mean. Educational Studies in Mathematics, 12, 191-204.

Schuyten, G. (1991). Statistical thinking in Psychology and Education. In Vere-Jones (Eds.),
Proceedings of the Third International Conference on Teaching Statistics (pp. 486-490).
Voorburg, Holanda: International Statistical Institute.

Watson, J. M., & Moritz, J. B. (2000). The longitudinal development of understanding of average.
Mathematical Thinking and Learning, 2(1 & 2), 11-50.

International Association of Statistical Education (IASE) www.stat.auckland.ac.nz/~iase/



