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While there are many studies about the statistical literacy of students those who
concern the statistical literacy of pre-service teachers are relatively few. With the
present study we attempt to investigate the level of statistical literacy of pre-service
teachers in their first year at the university and after the end of schooling. For the
purpose of this study we adapted the framework for statistical literacy of Watson
(1997, 2003) and Gal (2002), while for the assessment of the participants’ responses
we used a modified model of SOLO taxonomy. Our study findings indicate the low
level of statistical literacy among pre-service teachers in their first year at the
university.
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INTRODUCTION

Many researchers (e.g. Watson & Callingham, 2003; Budgett & Pfankuch, 2007) in
the field of statistics education have emphasized the importance of statistical literacy
for the effective participation of students in the society after the end of school. As the
definition of statistical literacy is still being refined (Rumsey, 2002), in this paper we
refer to it as the ability to understand and critically evaluate statistical results that
permeate daily life, coupled with the ability to appreciate the contributions that
statistical thinking can make in public and private, professional and personal
decisions (Wallman, 1993). Statistical literacy is a key ability expected of citizens in
information-laden societies, and is often touted as an expected outcome of schooling
and as a necessary component of adults’ numeracy and literacy (Gal, 2002).

Several studies have shown that teachers’ knowledge is connected to what and how
students learn and depends on the context in which it is used (Ball & Bass, 2000;
Cobb, 2000). Consequently, it is important to inquire into the cognitive level of pre-
service teachers in order to modify accordingly the content of the courses, which are
relevant to Mathematics, at tertiary education.

While there are many studies about the statistical literacy level of students (e.g.
Watson & Callingham, 2003) there are relevant few about pre-service teachers.
Focusing on the dimension “as an expected outcome of schooling” of statistical
literacy we designed and conducted a research whose main goal was to identify at
what level the freshmen at the Department of Education were statistically literate
after the end of the schooling and their entrance to the university. In particular our
research questions were:



How able are pre-service teachers to understand fundamental statistical concepts
and use them in order to perceive and to criticize information about the world
around them? In other words, at what level pre-service teachers are statistical
literate?

BRIEF LITERATURE REVIEW

Statistical literacy is a major goal of several curriculum of mathematics around the
world (e.g. NCTM Principles and Standards, 2000; ACARA, 2010). According to
Australian Curriculum (ACARA 2010, p.2):

Students should develop an increasingly sophisticated ability to critically evaluate chance
and data concepts and make reasoned judgments and decisions. They should develop an
increasingly sophisticated ability to critically evaluate statistical information and build
intuitions about data.

Following this international trend several studies have been conducted in order to
define statistical literacy (e.g. Watson, 1997; Watson & Callingham, 2003) and
investigate students’ statistical literacy at different levels of education (e.g. Budgett
& Pfankuch, 2007 for college students). Furthermore the ARTIST Web site
(https://app.gen.umn.edu/artist/) created by DelMas and his colleagues (for more
details DelMas et al., 2007) provides and evaluates tools for the assessment of
students’ statistical literacy. In the field of adults’ statistical literacy, research by Gal
(e.g. 2002) was a major contribution to the conceptualization of statistical literacy,
while Moreno (2002) focused on the connection of statistical literacy with
citizenship, and Shield (2006) through the W. M. Keck Statistical Literacy Project,
immersed statistical literacy in society. Recently, Kaplan & Thorpe (2010) applied
for adults the framework of statistical literacy, proposed by Watson & Callingham
(2003).

THEORETICAL FRAMEWORK

As “the research in statistical literacy has unveiled a very deep construct involving a
myriad of types and skills and cognitive processes” (Shaugnessy 2007, p.966) for the
present study we restricted to a framework based on a combination of the work of
Watson (1997) and Gal (2002) in relation to the kind of statistical knowledge
students should have by the end of schooling.

Watson (1997) proposed a three-tiered Statistical Literacy Hierarchy:

1. Understanding of basic statistical terminology. 2. Understanding of statistical language
and concepts when they are embedded in the context of wider social discussion. 3. Ability
to question claims that are made in context without proper statistical justification.

Respectively, Gal (2002) suggests that, for full participation in the society, students
after the end of schooling should be able to:



(a) ... interpret and critically evaluate statistical information, data-related arguments, or
stochastic phenomena, which they may encounter in diverse contexts, and when relevant.

(b) ... to discuss or communicate their reactions to such statistical information, such as
their understanding of the meaning of the information, their opinions about the
implications of this information, or their concerns regarding the acceptability of given
conclusions. (Gal 2002, p. 2-3).

For our research we used a framework drawn on the combination of the above
theories in order to define our assessment goals and construct the respective tasks. A
parameter we took also in consideration was the statistical content of elementary
mathematics curriculum that pre-service teachers will have to implement in the
future. More precisely, we focused on: the average, the reading and the interpretation
of tables and graphs and the critical questioning of claims that originate to social
context.

METHOD

In order to answer the research question we designed and conducted a research
project during the first semester of the academic year 2011-2012.

Participants

The participants were 166 students (pre-service teachers), 137 female and 29 male at
their first year of their studies in the Department of Education. The students were
taught the basic concepts of Statistics at the 4™, 5™ and 6" grade (ages 10-12) of
primary education, the 2" and 3" grade (ages 14-15) of Junior High School and the
3" grade (age 18) of High School. Statistics is taught at the 3" grade of High School
as a part of the course “General Mathematics” which is taught for two hours weekly
and it is obligatory for all students regardless of their programs of study (Theoretical,
Practical and Technological Direction) (Ghinis et al. 2009). The participants of our
research were 134 (80.7%) of Theoretical Direction and 32(19.2%) of
Practical/Technological.

In their last year of High School (3" grade), in the chapter of Statistics, students are
taught how to process statistical data and interpret critically statistical conclusions.
The Syllabus includes the following subjects (Pedagogical Institute of Greece,
2007):

Basic concepts: The students are taught basic statistical concepts such as population,
variables (quantitative and qualitative), census and sample.

Presentation of Statistical data: The students are taught about frequency distributions and
their graphical representations.

Location measures and measures of variation: The students are taught how to compute the
arithmetic mean, the median, the mode (location measures) and the range, the variance,
the standard deviation and the coefficient of variation (measures of variation) of discrete
and continuous variables.



Questionnaire

The questionnaire items that we used for this study were either adapted from items
used in previous researches (Aoyama, 2003; Watson, & Callingham 2003; PISA
contest, 2003; DelMas et al., 2007) or formed by the researchers for the needs of the
present study. The questionnaire included ten items, open-ended and multiple-
choice. Students (pre-service teachers) were requested to justify their answer for all
items. Time given for response was about 1.5 hour. For the coding of the responses
we adapted the SOLO model of Biggs & Collins (1982) in the way that Watson &
Moritz (2000) have used it. The complexity levels are described in the next table:

Code Level Description

4 Relational Correct justification.

3 Multistructural Correct answer with partial justification.

2 Unistructural Not able to interpret correctly the data or irrelevant
use of data.

1 Prestructural No justification. Justification based on irrelevant data
or personal estimation.

0 No response or Yes/No answer without justification.

Table 1: Codes and description

Each item had a scoring rubric which was designed to identify increasing quality of
response and these varied from 0-2 to 0-4, depending on the complexity of the item.
The coding was done independently by two raters. An interrater reliability analysis
using the Kappa statistic was performed to determine consistency among raters. It
was found to be Kappa = 0.736 (p <0.001), which indicates substantial agreement
between the two raters (Landis & Koch, 1977).

RESULTS

Students’ performance was mixed: on four (out of nine items) students’ performance
was rather low, while on the other five the majority of students’ responses were at
the relational level. Due to limited space, we analyze only the low- performances’
items, while for the high-performances’ ones we give only a concise description.

The first two items (adapted from Watson, 2003) concerned the notion of average. In
the first item most of the students, 83%, gave answers at the relational level as they
were able to reverse the algorithm for the computation of the mean. In the second
item 65% of the students gave answers at the relational level, as they were able to
choose the mean as the most accurate measure. In the fifth item concerning the
interpretation of a line-plot (2 questions) and the computation of the range (1



question) (adapted from Watson & Callingham, 2003) the percentage of answers in
the relational level were 97%, 87% and 62% respectively. The sixth item was about
the interpretation of a bar-graph (3 questions) (derived from Aoyama, 2003). Most of
the students were classified to the relational level: 83%, 72%, and 70% for each part
of the item. For the eighth item (derived from Watson & Callingham, 2003) 83% of
students gave justifications in the relational level, as they were able to identify that
the percentages given in the pie chart were incorrect.

Discussion on items with low performance

The next items, involve contexts that may appear in the media, and their objective
was to assess students’ “ability to question claims that are made in context without
proper statistical justification” (Watson, 1997).

Iten 3

In Zedland. opinion polls were conducted to find out the level of support for the
[President in the forthcoming election. Four newspaper publishers did separate
nationwide polls. The results for the four newspaper polls are shown below.

- Newspaper 1: 36.5%6 (poll conducted on January 6. with a sample of 500
randomly selected citizens with voting rights.)

« MNewspaper 2: 41.0%%6 (poll conducted on January 20, with a sample of S00)
randomly selected citizens with voting rights.)

- Newspaper 3: 392.0%24 (poll conducted on January 20. with a sample of 1000
randomly selected citizens with voting rights.)

- Newspaper 4: 44.5% (poll conducted on January 20. with a sample of 1000

citizens with voting rights who responded the phone call.)

Which newspaper’s result is likely to be the best for predicting the level of support foi
the President if the election is held on January 257 Justify your answer.

Figure 1: Item 3

ode

Table 2: Codes and examples to the codes

The third item (derived from PISA, 2003) concerned reasoning about samples. Only
the 40% of the participants’ answers were classified at the relational level (code 4).
The analysis of the students’ responses revealed that they had difficulty to
understand why a sample cannot be representative of the population.

Student 65: The fourth newspaper because they used phone calls in order to gather the
data.

Also, several students confused the poll’s percentage with the number of the sample.

Student 18: Fourth newspaper because 44,5 % of the voters is almost 500 people more
than the others’ newspapers population.



The following information is from a survey about smoking and lung disease among 250

people
Lung disease No lung disease Total
Smoking S0 60 150
No smoking 60 40 100
Total 150 100 250

Using this information. do you think that for this sample of people lung disease depended on
smoking? Justify yvour answer.

Figure 2: Item 4
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Table 3: Codes and examples to the codes

The fourth item was adapted from the study of Watson & Callingham (2003). It
concerns proportional reasoning and only 22% of the freshmen performed at the
relational level. Several participants showed difficulties to use correct the given
numbers.

Student 88: In my opinion, no. 100 people of the 250 do not have lung disease and only
90 people are smokers.

While others answered depending to their own opinion instead of use the given data
of the table.

Student 17: The lung disease does not depend on smoking because there are also non-
smokers that they have lung disease.

The performance of the students to this specific item was an alarming indication,
given that 1) participants to the study were pre-service teachers that will be called to
teach proportionality in primary school and 2) proportional reasoning is a necessary
prerequisite for performing at the highest level of statistical literacy understanding
(Watson & Callingham, 2003).

Ite
ate based its decision on the redundancy on the data table below, accordings to
P 62-64 want to go out on
] ? Justify your answer.
T T n. t age
ent Aoe
Reasons for retirement Tinder o2 Between 62 and o4 G55 or more
Ame 10.5 1.6 4.6
Redundancy 10.5 S0 14.6
Health problems 26.3 119 ]
Close busine ss 10.5 1.5 o
~ s 10.5 = o
i er 2.6 1.5 5.0
s.3 a4.= o
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100%%8 10026 100%a
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Figure 3: Item 7



Code IDescription Examples

<+ Ability to discriminate and use correct the The conclusion is Wrong

data of the table. Correct use of percentages. because the 50%a of 66 is 337,

3 Their reasoning is based on the I vou add all the other
complementary information. They realize reasons it is less than S0°°
that ““the rest percentages” don’t add to S0,
but they cannot extend this reasoning to the
rest S0O%o.

2 Not able to interpret correctly the table. 1 agree because it refers to SO
pecople in 6677,

1 Choice without reasoning. No justification or “It is wrongz., nobody would
Justification based on irrelevant data. choose redundancy”.
o ™o response. ¥ es or No answer without

Justification.

Table 4: Codes and examples to the codes

While this specific item was rather easy only the 2% of the participants responded to
the relational level. The majority of the participants’answers (43%) were at the
prestructural level (code 1). Students justified their judgment by resorting only to
their own beliefs (Budgett & Pfannkuch, 2007) rather than giving data-based
justifications.

Student 11: It’s a lie; nobody wants to go to redundancy.
Student 21: It is impossible so many people to be in redundancy.

The interpretations of this item indicates that, since Statistics is a social construct
(Best, 2001), students’ reaction is connected to their knowledge of real-life.

Item 10
[Two newspapers published articles about criminality and they used the next graphs.
Which of these two do you think that represents better the reality? Justify your claim.
29 Crime Rates
o 78 2001 ]
g 2 B
- _ 2000 ]
" > 1999 ]
g" 1998 T T I I I ‘ |
N . 0 5 10 15 20 25 30
° - Crimes per 1000 citizens
Code Description Examples
4 Correct justification: ability to discriminate ““The bar-graph is better because
the wrong choice of the scale and the false the scale starts form 0.
affect that it creates. i i )
“The time-graph is not correct. it
is like an enlargement™
3 Correct answer with partial justification. “T he bar-graph is better because it
is more accurate’™
2 Wrong justification based on personal ““The time-plot, because it is
estimations. easier to read it, to understand it™
Response without justification ** The time plot is better™”
(0] No response.

Table 5: Codes and examples to the codes

This item refers to a misleading graph and its aim was to assess the ability of the
students to discriminate the false effect that it creates. Only 1% of the participants



were able to answer at the relational level while the majority of them (59%) had
chosen the time-plot as they considered it as easier for interpretation.

Student 45: | believe that the 2" is better because through it, it is easier to understand the
decline of crime rates during these years.

It is a fact that graph interpretation cannot be effective, if the reader does not possess
basic graph reading skills. Among these skills is the ability to recognize when the
scale of a graph is truncated and what impression creates such a thing, as in this
specific item. While some students were able to recognize that the differentiation of
the two graphs was due to the different scale, they could not understand why this
created a wrong impression.

Student 41: As it is obvious at the 1% graph the crime rates ranges from 23 to 29. So, the
rest of the graph is useless. On the contrary at the 2" graph the given values
are between 23 and 29 which make it more accurate.

DISCUSSION AND CONCLUSION

The goal of the present study was to assess the level of statistical literacy of pre-
service teachers at their first academic year. Study findings revealed that although
students had been taught Statistics in High School, their level of statistical literacy
was rather low, specifically when it comes to the questioning of statistical claims in a
social context. These findings are consistent with those of other studies
(Godino et al., 2008) whom suggest that prospective primary school teachers in
many countries enter the Departments of Education with a very limited statistical
competence.

In brief, the participants were able to read and interpret simple graphs such as bar
graphs, line-plots and pie-charts and had knowledge of basic statistical notions such
as the mean and the range. However, they had difficulties in regards to sampling,
graph evaluation and proportional thinking in a real life context. Also they could not
give proper justification to statistical claims in the context of a social discussion.

For the purpose of this study we used misleading tables and graphs and we asked the
participants to question claims based on them. For the answer of these specific items
most of the participants relied on their experience of real world data than on their
statistical knowledge. This fact indicates that even adults after the end of schooling,
like students (Watson & Chick, 2004), are not able to detect the “unusual”.

According to Gal (2002) there are five interrelated “knowledge bases” that must be
used to exhibit statistical literacy: mathematical knowledge, statistical knowledge,
knowledge of the context, literacy skills and critical questions. Analyzing the results
of the present study we concluded that items with low performance demanded more
than plain mathematical or statistical knowledge. We suggest that items demanding
one or more of the last three “knowledge bases” (context, literacy skills and critical
stand), turned out to be difficult for the pre-service teachers. Consequently, we



suggest that a content of a Mathematics Course for pre-service teachers should
further focus on these aspects.
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