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This research analyses Spanish secondary school students' reading capacity of elements in a
frequency table. The study is based on the two reading levels of reading the data and reading between
the data proposed by Curcio (1989) and applied to data displayed in a statistical table. The results of
the evaluation study carried out with 149 students in secondary school first grade and 128 in third
grade (12—14-year-olds) show that the majority of the sample performs a correct reading, especially
in the first reading level. We also use the notion of semiotic conflict proposed by Godino et al. (2007,
2019) to describe mistakes in the students' responses, which were mainly comparing frequencies
incorrectly and misunderstanding the questions posed.

INTRODUCTION

Citizens need to interpret statistical tables to function in the information society where
statistical knowledge is essential for making better decisions. Statistical tables are one of the most
common representation of data (Feinberg & Wainer, 2011). They are often included in the study of
mathematics and other subjects to represent, summarize, and communicate information and for data
analysis (Estrella & Estrella, 2020). In everyday contexts, tables appear, for example, on television, in
the news, in advertising, and on the Internet. They are even more evident in the current crisis caused
by COVID-19, in which the lack of statistical literacy of citizens caused many to misunderstand the
situation (Rodriguez-Muiiiz et al., 2020). Thus, the ability to read and to interpret statistical tables
should be a component of statistical literacy for all citizens in the information society (Gal, 2002).

The Spanish curricular guidelines suggest working with statistical tables during primary
education (6-11-year-olds). In the first and second grade of secondary education (Ministerio de
Educacion, Cultura, y Deporte [MECD], 2015), students organize data obtained from a population of
qualitative or quantitative variables into tables, calculate absolute and relative frequencies, represent
them graphically, and carry out the reverse process of translating graphs into tables. Cumulative
frequencies are introduced in third grade.

The aim of this research was to analyse first and third grade students’ reading capacity of one-
variable distribution tables and to identify the semiotic conflicts that may arise in that interpretation
for these two groups of Spanish secondary education students.

FUNDAMENTALS
Reading Levels of Tables and Graphs

Different questions at different levels of difficulty can be asked from a statistical table or
graph. As a result, different authors have defined reading levels for graphs. In our work, we used the

first two levels of reading statistical graphs established by Curcio (1989) and Friel et al. (2001), a

hierarchy that is also valid for statistical tables.

* Reading the data (L.1) corresponds to a literal reading of information that is explicitly presented in
the table or graph; therefore, no calculations or other operations need to be performed on the
represented data. An example is finding the frequency of a given value for a variable.

* Reading between the data (L2) involves not only literal reading but also comparisons or
calculations of data represented in the table. This level is required, for example, to compare the
frequencies of two variable values.

* Reading beyond the data (L3) involves a greater ability to infer unrepresented information that
cannot be extracted arithmetically. This reading level was not considered in this study.

* Reading behind the data (LL4) involves being able to judge the information represented in the table
and the source from which was extracted. This reading level was also not considered in this study.

Semiotic Conflict
We based our work on the onto-semiotic approach to mathematical knowledge and instruction
(Godino et al., 2007, 2019), which assumes that mathematical objects emerge from mathematical
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practices. The meaning of a mathematical object can be considered from an institutional or personal
perspective. We used the idea of semiotic conflict, which corresponds to a discrepancy attributed to
the meaning of a mathematical object from an institutional and personal perspective. A conflict is
conceptual if it refers to misunderstanding concepts or properties, procedural when steps of the
procedure are confused, and notational when is related to mathematical language (symbols, specific
terms, or another mathematical language).

Research Background

Research on the ability of secondary school students to read statistical tables has mainly
focused on two-way tables. The hierarchical reading levels proposed by Curcio (1989) and Friel et al.
(2001) were valid for the statistical tables studied by Gabucio et al. (2010), who gave a questionnaire
containing questions about two-way tables to 112 Spanish students in the fifth and sixth grades of
primary school (10-11-year-olds) and 88 students in the first and second grades of secondary school
(12—13-year-olds). The questionnaire was designed to assess the following four levels of students'
reading: (a) comprehension of the tabular structure, or understanding of the different elements of the
table; (b) direct reading of explicit data from the table according to Friel et al.’s (2001) level L1; (c)
data inference, or searching for data not directly represented in the table, which combines levels L2
and L3 (Friel et al., 2001); and (d) global interpretation, equivalent to reading behind the data at level
L4 (Friel et al., 2001). Thus, questions requiring inference were more difficult than those requiring
direct reading of data. The percentage of correct answers on direct reading items ranged from 80.5% to
89.5%, and correct answers on inference ranged from 29% to 47%. There was a very small
improvement in the number of correct answers as grade levels increased.

Alvarez et al. (2020) conducted a study with 65 Colombian students aged 11 to 16 to analyse
their difficulties in interpreting tables with different frequencies, some of them with grouped data. The
main difficulties in the tasks were not knowing the meaning of frequency, confusing different types of
frequencies, and confusing the value of the variable with the frequency.

METHOD

The sample consisted of 277 Spanish students: 149 in the first grade and 128 in the third grade
of Compulsory Secondary Education from two schools in Andalusia (ages 12—14). The sample was a
convenience sample because access to educational establishments was particularly complex due to the
COVID-19 health crisis, but the teacher confirmed that students had worked with statistical tables in
previous years. Students were given a questionnaire that included nine tasks, one of which assessed
students’ reading capacity of a one-variable distribution table (Figure 1). The questionnaire
construction was based on a previous analysis of curricular guidelines and Spanish secondary
textbooks (Pallauta et al., 2021); items were selected by expert judgment to ensure content validity in
analysing Spanish secondary students' comprehension of statistical tables.

A group of children were asked about their favorite yoghurt flavor; they could only choose one.
Their preferences are recorded in table below. Answer the following questions:

(a) How many children prefer coconut flavor yoghurt? Flavor I\Ll%il;ber of
(b) Which flavor is preferred by exactly 6 children? chrdren

(c) Which yoghurt flavor do most of the children prefer? StraWberry 8

(d) How many children in total were asked about their favorite yoghurt | Yanilla 6
flavor? Apple 4

(¢) How many more children prefer vanilla yoghurt than pineapple | Coconut 4
yoghurt? Pineapple 2

Figure 1. Task proposed to students

The task was adapted from a textbook (Kheong et al., 2017) and selected by a panel of experts
from three possible items. From the table of the frequency distribution, students had to: (a) find the
frequency associated with a category, (b) identify the category that corresponds with a frequency, (c)
find the mode, (d) determine the sample total, and (e) compare frequencies for two categories.
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Data analysis was based on content analysis (Neuendorf, 2016). The primary unit of analysis
was each response to each question, in which the authors systematically reviewed the categories
established in the previous analysis. In discordant cases, a consensus was reached to ensure reliable
coding. Evaluation of responses was discussed in two rounds, and responses were classified into
categories of correct, partially correct, or incorrect. In a third round, we used prior research results to
identify several semiotic conflicts that arose from interpreting the data presented in the table.

RESULTS

This section first describes the evaluation criteria for each question; then the results of correct,
partially correct, and incorrect responses by grade; and finally, the semiotic conflicts identified along
with their distribution.

Question (a): Finding the Frequency Associated with a Modality

In this question, L1 of reading the data is required (Curcio, 1989; Friel et al., 2001) because
students only need to perform a direct reading of data in the table. Answering the question only
requires identifying a category and reading its frequency.

e A correct response resulted when the student identified that four children prefer coconut flavored
yoghurt.

e In a partially correct response, students reported relative frequency instead of absolute frequency.
The students reached the L1 level in reading the table, but confused absolute and relative
frequency, such as the response by E23: 4/24 children.

e In an incorrect response, the student answered with meaningless values, such as E180, who
responded with “apple” (a category instead of a frequency).

Question (b): Identifying the Modality Corresponding to a Frequency Value
The second question also requires reading the data (L1). However, this task requires
identifying the category of the variable associated with a given absolute frequency value. To answer
the question, a student must identify the given value in the absolute frequency column and then
respond with the corresponding variable category.
e In correct answers, students indicated that vanilla yoghurt is preferred by exactly six children.
e In partially correct responses, students gave the frequency (six children) instead of the category,
confusing the frequency with the variable value, such as when E103 answered “6” children.
e For incorrect answers, students indicated a category that does not correspond with the frequency
provided in the question, such as E153, who responded, “Strawberry,” and thus does not reach a
table reading of level L1.

Question (c): Finding the Mode
The student must compare all of the absolute frequencies and select the category with the

highest frequency. This corresponds to the level of reading between the data (L2).

e A correct response indicated that strawberry was the category with the highest absolute frequency.

e Partially correct answers reported the highest frequency and not the category associated with that
frequency (mode), such as E153 who confused the variable modality with its frequency by
responding with “8.”

e Incorrect responses appeared when other values of the frequency or variable were indicated, or the
student indicated that the mode did not exist. An example is E151 who did not appear to read the
labels in the table correctly with the response: “There is no yoghurt flavor.”

Question (d): Determining the Sample Total
This question corresponds to the level of reading between the data (L2) because it requires
calculations to determine the total number of children in the sample. No partially correct responses
were observed for this question.
e In correct responses, the students indicated that 24 children in total answered the question with a
preferred yoghurt flavor.
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e Incorrect answers involved wrong total values, showing procedural difficulties. For example,
E21’s response of “26 children” could have resulted from incorrectly adding the frequencies.

Question (e): Comparing Two Modalities’ Frequencies

To answer the last question, the values of the absolute frequencies of two categories of the
variable must be identified and their difference calculated. Therefore, a level of reading between the
data (L2) is required. The responses were classified as follows:

e For a correct response, the student answered that four more students prefer vanilla yoghurt than
pineapple yoghurt.

e Partially correct answers appeared when the categories along with their absolute frequency were
identified, but no subtraction was performed. For example, ES1 only showed a level L1 of reading
the data, because the student identified the frequency for each category: “6 children prefer vanilla
and 2 children pineapple.” It is possible that the student did not translate the expression, how
many more, into an operation.

e Incorrect response occurred when other values were given, such as the answer of student E129
who adds the values of the frequencies instead of subtracting them: “8 because 2+6 = 8.”

Task Results

The results for the correctness of students’ responses for different elements in the statistical
table are presented in Table 1. A high percentage of students answered each question correctly. The
best results were obtained for question (b) (identifying the category corresponding with a frequency
value), with a similar percentage of correct answers in third grade (98.4%) and in first grade (96.6%),
as well as for question (¢) (finding the mode), with a similar percentage of achievement (correct
answers) in the two grades (98.7% in first grade and 96.6% in third grade). In question (a) (finding the
frequency associated with a modality), a high percentage of correct answers in first grade is observed
(96%), which coincides with the study developed by Gabucio et al. (2010) in which the participants of
this educational level showed only 18.6% of incorrect responses in a similar question.

Table 1. Frequency (and percentage) of responses to each question according to grade

Question (a) Question (b) Question (¢) Question (d) Question (e)
First Third First  Third First Third First Third First Third
Correct 143 119 144 126 147 124 130 118 115 106
orree (96) (93) (96.6) (98.4) (98.7) (96.9) (87.2) (922) (77.2) (82.8)
Partially 2 6 1 1 5 3
correct (1.3) (4.7) (0.7) (0.8) (3.4) (2.3)
Incorrect 3 1 3 1 2 13 8 26 17
COMECt "0y (0.8) (2.0) (0.8 (1.6) (87 (63) (174) (13.3)
Non- 1 2 1 1 2 1 6 2 3 2

response (0.7) (1.6) (0.7) (0.8) (13) (0.8 (4.0) (1.6) (2.0) (1.6

In question (d), determining the sample total, there was a lower percentage of correct answers
(first grade: 87.2%; third grade: 92.2%), and the lowest percentage of correct answers was in question
(e), comparing frequencies for two categories, which was especially lower for first grade (77.2%) than
third grade (82.8%). These results are similar to those from a study carried out by Alvarez et al. (2020)
with secondary school students, where some difficulties were found with the interpretation questions
that required calculations, such as questions (d) and (e).

Semiotic Conflicts in the Interpretation of the Table

A second analysis of partially correct and incorrect answers for interpretating the table
identified types of semiotic conflicts classified by notational, conceptual, and procedural conflicts.
Conceptual Semiotic Conflicts
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e (1. Confusing absolute and relative frequencies. This conflict appears when the relative
frequency is indicated rather than the absolute frequency, as was observed in the response of
student E23 in question (a) (literal reading of data).

o (2. Confusing the value of the variable and its frequency. This conflict was also identified by
Mayén et al. (2009) in their study on the median, and it happens when the value of the frequency
is indicated, instead of the category; for example, E153 in question (c) (finding the mode).

Procedural Semiotic Conflicts

e Pl Conflict in computing total. This conflict is observed when the student incorrectly calculates
the sample total in question (d), such as the answer of E21.

e P2 Conflict in comparing frequencies. This conflict is detected in question (e) (comparing
frequencies for two categories); for example, the answer of the student E129 showed this conflict.

Notational Semiotic Conflicts

e NI. Failure to reach the minimum reading level of the data. This notational conflict is manifested
in the incorrect reading for particular data in the table. For example, student E153 in question (b)
and student E151 in question (c) showed this conflict.

e N2. Conflict in the interpretation of the question. This conflict occurs when the answer is related
to the previous question. For example, student E87, in question (d) (determining the sample total)
indicated the frequency of the mode instead of the total of the sample by responding with “8
children.”

Table 2. Frequency (and percentage) of semiotic conflicts according to grade and question

Question (a) Question (b) Question (¢) Question (d) Question (e)

TYPe “Hirst  Thid  First Third  First Third  First Third  First  Third
o1 2 6 ] ]
(1.3)  (4.7) (0.8) (0.8)
]
€2 (0.7)
7 7
Pl 47 (5.5)
15 15
P2 10.1) (11.7)
3 1 3 1 1 3
NE 0oy 08 20 (08) 0.8) (2.0 2(1.3)
o 1 3 ] 14 4

0.8) (200 (0.8 (94) (3.1

The distribution of different semiotic conflicts identified in the students’ responses is
summarised in Table 2. Question (e) shows a higher percentage of conflicts, where the procedural
conflict P2, comparing incorrectly frequencies, appears most frequently at both educational levels
(first grade: 10.1%; third grade: 11.7%). Question (c) (finding the mode) has few conflicts. Regarding
notational conflicts, N1 appears in all questions, and N2 appears from questions (c) through (e) in the
third grade, reaching its highest percentage in the first grade (9.4%) in question (e).

CONCLUSIONS

Our research results showed that interpreting information displayed in a table was easy for the
majority of the students, particularly when performing a literal reading of the data as was reported by
Gabucio et al. (2010). However, reading that requires simple calculations or comparison of data
represented in the table presented some difficulties. Thus, the reading between the data of level L2 in
the model of Friel et al. (2001) raised a wide variety of semiotic conflicts, the most recurring being
procedural conflicts when comparing frequencies and computing the sample total. Other conflicts
involved an incorrect notational interpretation of questions or category labels in the statistical table.
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These results suggest reinforcing students’ basic reading capacity to ensure later achievement
of higher levels (L3 and L4) in Friel et al.’s (2001) model because of the different types of conflict
identified on the meaning of data represented in the table, which influences the ability to perform
mathematical processes. This research is original because it provides new information on the
interpretation of statistical tables by Spanish secondary school students, which had not previously been
addressed.
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