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ABSTRACT

ASSESSING PRESERVICE MATHEMATICS TEACHERS’
STATISTICAL REASONING

Statistical reasoning is to understand and reason with statistical information
and make interpretations based on sets of data (Garfield, 2002). In this study, sta-
tistical reasoning types of preservice mathematics teachers studying in Istanbul were
investigated. Participants were 91 secondary and 82 elementary school preservice math-
ematics teachers studying in the last semester of their program. Instrument was Sta-
tistical Reasoning Assessment — SRA (Garfield, 2003). It was translated to Turkish
and then validity and reliability was examined before applying to preservice mathe-
matics teachers. Data was analyzed descriptively. Results showed that both secondary
and elementary school preservice mathematics teachers were successful in interpreting
probability, understanding independence, interpreting two-way tables and understand-
ing importance of large samples. On the other hand, there was lack of understanding
in selecting appropriate average, correctly computing probability, sampling variability,
distinguishing between correlation and causation. Also results showed that they had
law of small numbers misconception and equiprobability bias. Furthermore a com-
parison between secondary and elementary school preservice mathematics teachers’
statistical reasoning was done. Results showed that there was no statistical differ-
ence between their reasoning types. In this regard, the results suggest that in order
to address and develop their understanding in concepts and misconceptions, statistics
courses are suggested to be given importance in mathematics education programs. Re-
sults, portraying the statistical reasonig types of preservice mathematics teachers in
[stanbul, might also be taken as a basis for further resarch investigating preservice

mathematics teachers’ statiatistical reasoning types in Turkey.
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OZET

MATEMATIK OGRETMEN ADAYLARININ ISTATIKSEL
AKIL YORUTMESININ OLCULMESI

Garfield (2002) istatiksel akil yuriitmeyi istatiksel bilgiyi anlama, kullanma ve
veriye dayali ¢ikarimda bulunabilmek olarak tanimlanmigtir. Bu g¢alismanin amaci
matematik 6gretmen adaylarinin istatiksel akil yiirtitmelerini incelemektir. Katilimcilar
Istanbul’da béliimlerinin son smifinda okuyan 91 ortadgretim ve 82 ilkogretim matem-
atik ogretmeni adayidir. Calismada Istatiksel Akil Yiiriitme Testi (Statistical Rea-
soning Assessment — SRA) kullamlmigtir (Garfield, 2003). Test Tiirkge’ye gevrilmis,
gecerlilik ve giivenilirlik ¢aligmalar1 yapilmigtir. Testin Tiirkge hali elde edildikten
sonra, ogretmen adaylarina uygulanmistir. Veri betimsel olarak analiz edilmistir. Bul-
gulara gore hem ortadgretim hem ilkégretim matematik ogretmeni adaylari olasiligi
yorumlamada, bagimsizligi anlamada, iki yonli tablolar1 anlamlandirmada ve biiyiik
orneklemlerin 6nemini anlamada bagar1 gosterdiler. Fakat ortalamay1 segmede, olasilik
hesaplamada, orneklem cesitliliginde ve iligki ve nedenselligi ayirt etmede zorlandiklar
bulunmustur. Ayrica, kiigiik sayilar kavram yanilgisina ve esit olasilik yanliligina sahip
olduklar: goriilmiigtiir. Ek olarak ortadgretim ve ilkogretim matematik 6gretmeni aday-
larinin istatiksel akil yiirtitmesi karsilagtirilmig ve istatiksel olarak anlamli bir fark
bulunmamistir. Bu durumda, bulgulara gore istatiksel akil ytiriitme kavramlarinin
geligtirilmesi ve kavram yanilgilarinin ortadan kaldirilabilmesi i¢in matematik egitimi
programlarinda istatistik dersine nem verilmesi tavsiye edilmektedir. Istanbul’daki
ogretmen adaylar1 hakkinda elde edilen sonuclar, Tiirkiye’deki diger ogretmen aday-

larinin istatiksel akil yiirtitmesinin incelenmesine dayanak olusturmaktadir.
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1. INTRODUCTION

In society many people face with issues such as new increasing threats to the
environment or changing needs for aging population. People have to make choices
about events depending on chance or risk analysis such as buying lottery tickets, in-
surance policies, or comprehending medical advice. Also, people need to participate in
debate or community action and to be aware of some phenomena such as crime rates,
population growth, spread of diseases, industrial production, educational achievement,
employment trends (Gal, 2002; Watson & Callingham, 2003). Since these daily issues
have statistical components, it is important to strengthen statistical reasoning on the

individual’s part (Gal, 2002; Watson & Callingham, 2003; Garfield & Ben-Zvi, 2007).

In addition, National Council of Teachers of Mathematics(NCTM) calls attention
to the fact that an individual’s reasoning statistically is not always intuitive (NCTM,
2005). Thus, statistical reasoning needs to be developed as an outcome of schooling
(Gal, 2002; Watson & Callingham, 2003; Garfield & Ben-Zvi, 2007). As explained
under the next heading, although some concepts of statistics was integrated to the
middle school National Mathematics Curriculum of Turkey in 2005 and probability and
statistics was included as a branch in 2011, there seems to be almost any research done
on neither school students’ nor preservice and in-service teachers’ statistical reasoning.
Furthermore, it seems that not all of the preservice mathematics teachers take statistics
course in Turkey. For instance, 7 of the 22 programs include statistics courses in their
programs when the official web sites of the secondary school mathematics education
programs in Turkey were examined. On the other hand at elementary level, statistics
course is a “must” course at all of the accessible programs. However what teachers know
is what students know (Fennema & Franke, 1992; Heaton & Mickelson, 2002; Yolcu,
2012; Ugar & Akdogan, 2009). Therefore preservice mathematics teachers’ reasoning

need to be examined (Shaugnessy, 2007; Bulut, 2001).



In this regard, the purpose of this study is to investigate the statistical reasoning
types of pre service mathematics teachers since it is imperative for both preservice
and in-service mathematics teachers to have statistical reasoning in order to be able to
educate individuals who can reason statistically (Garfield, 2002; Yolcu, 2012). Consid-
ering the fact that, there is an attempt at preparing preservice teachers for teaching
statistical reasoning, determining preservice mathematics teachers’ statistical reason-
ing types might further assist teacher preparation programs to include statics courses

for teaching in their programs.



2. LITERATURE REVIEW

2.1. Statistics Content Area in National Curriculum

High School National Mathematics Curriculum of Turkey (2013b) included par-
ticular skills related with statistics education for the students in grades five through

twelve. Some of these skills follow:

(i) to be able to draw tables and graphics related with a phenomenon and explain
mathematical reasoning through examining it
(ii) to be able to construct hypotheses explaining relationships within the phenomenon

(iii) to be able to draw inferences regarding their hypotheses .

These are all relate to statistical reasoning such awareness of which must be raised
on the students’ part (NCTM, 2005). Thus, it becomes important that teachers have
statistical reasoning prior to their teaching for it (Heaton & Mickelson, 2002; Yolcu,

2012).

In the following headings, first I briefly mention to what extent statistics is in-
cluded in the National Mathematics Curriculum of Turkey. Then, I explain statistical
literacy, statistical reasoning and statistical thinking based on the previous research.
After words, I provide a brief analysis on statistics included in the Turkish Curricu-
lum in terms of the cognitive demands (Delmas, 2002) required of each domain. This
might provide lenses as to how these domains are applied in Turkish Curriculum and
the hidden or explicit expectations from both preservice elementary and secondary

teachers.



2.1.1. Elementary School Statistics in Curriculum

Elementary School National Mathematics Curriculum (2013a) also includes data
processing and probability as a branch such that data processing exists in each grade.

Within the scope of this content area, students are expected

(i) to construct research questions, and show data applicable to these questions as
tables and graphics,
(ii) to make comparisons and analyses by calculating average and range,

(iii) to find mean, median and mode by looking at data.

Again, the purpose is to provide background towards the development of sta-
tistical reasoning on students’ part. In this regard, it also becomes significant for

elementary school mathematics teachers to have statistical reasoning.

2.1.2. High School Statistics in Curriculum

Secondary School National Mathematics Curriculum of Turkey (2013b) involves
data, counting, and probability as a branch. Within the Data, counting, and proba-
bility concepts area students are expected for instance to learn central tendency and
distribution concepts as well as presenting data as graphics. As can been seen, the
importance of statistical reasoning becomes more apparent at high school level and the

teachers’ being knowledgeable about the statistics concepts become more valuable.

2.2. Statistical Literacy, Reasoning and Thinking

Although statistical reasoning is expected as an outcome of schooling (Gal, 2002;
Watson & Callingham, 2003; Garfield & Ben-Zvi, 2007), there has been research on
statistical literacy and thinking as related areas of statistics education. Because of their
interrelatedness, in this section, based on the previous research, statistical literacy,

statistical reasoning and thinking are compared and contrasted regarding the aim of



this research. Following that, research on statistics education is discussed.

Statistical literacy, reasoning and thinking are the intended outcomes of statistics
education at different levels of education ranging from primary school to university.
These domains are unique but they overlap with each other at some points (Garfield &
Ben-Zvi, 2007; Delmas, 2002; Rumsey, 2002; Chance, 2002; Garfield, 2002). Although
these points cannot be distinguished clearly, these domains differ from each other in
terms of the cognitive processes they require of an individual. More than that there
is a hierarchy between these domains such that statistical literacy is the foundation
for statistical reasoning and thinking, and statistical thinking is higher order thinking
than statistical reasoning (Garfield & Ben-Zvi, 2007). Required cognitive processes for

each of them and the structure of hierarchy are explained in the following sections.

2.2.1. Statistical Literacy

What statistical literacy is, has been answered by many authors (Gal, 2002;
Watson & Callingham, 2003; Wallman, 1993) but Rumsey (2002) and Gal (2002)

provided a much more detailed definition.

From Rumsey’s (2002) perspective, an individual, who is statistically literate
and has researcher skills, at least need to understand and use statistical ideas and
terms such as mean, median etc.. As a further step they should be able to question,
probe, compare and contrast, explain, decide, judge, evaluate and make decisions about
the information. In order to do these, Rumsey (2002) stated that people should have

statistical competence, which is also a foundation for statistical reasoning and thinking.

Statistical competence involves data awareness, understanding of basics such as
measure of center etc., data production and results, interpretation at a basic level such
as descriptive statistics, and basic communication skills. Related aspects with data
awareness is that data exists at every part of the world, data might be misleading,

and decisions based on data have strong implications on our lives. For instance, when



airbags are produced according to average man, they might kill children and women.
Regarding understanding of basics, Rumsey (2002) stated that it means to be able to
relate a statistical idea with other concepts, to be able to explain the idea and use it in
other contexts, and to be able to answer questions about it. In terms of understanding
data production and results, Rumsey claimed that data production involves writing re-
search questions and locating data as appropriate to the research questions from given
data set. Similarly, for interpretation at a basic level, interpretation requires reaching
a conclusion and explaining what it means. Finally, without communication skills the
information inferred from data cannot be transferred to the others and thus people
cannot see the others’ viewpoint. When all these aspects of statistical competence be-
ing a part of statistical literacy and a foundation for statistical reasoning and thinking
are considered, Rumsey argued that statistical literacy should be an outcome of intro-
ductory statistics courses. From her perspective, these courses need to aim at raising

students as statistically literate individuals and make them gain researcher skills.

Another detailed definition is made by Gal (2002) who has been considered as a
prominent researcher regarding statistical literacy (Shaughnessy, 2007). He proposed
a model about statistically literate persons. His model consisted of both the knowl-
edge elements and the dispositional elements. Knowledge elements include literacy
skills, statistical knowledge, mathematical knowledge, context knowledge and critical

questions. Dispositional elements involve beliefs and attitudes towards statistics.

Knowledge elements stand for people’s ability to comprehend, interpret and eval-
uate the statistical messages. A brief explanation on the components of knowledge
elements follow: Literacy skills refer to make sense of messages in any format such as
lists, indexes, texts or graphs. Statistical knowledge contains five elements: knowing
why data are needed and how data can be produced, familiarity with basic terms and
ideas related to descriptive statistics, familiarity with graphical and tabular displays
and their interpretation, understanding basic notions of probability, and knowing how

statistical conclusions or inferences are reached (Gal, 2002). Mathematical knowledge



is to have the ability to understand the procedures applied in statistics in order to
interpret the data in a meaningful way. Also interpreting the data depends on the
individual’s familiarity with the context. Data is not independent from the context.
Crritical question refers to ask on your own spontaneously the worry questions. Ques-
tions support critical evaluation since they are about the reasonableness of the data
and the same data can be used to support or oppose a claim. Since statistically literate
people are expected to be able to determine about truth of the claim, they can ask

Wworry questions.

Dispositional aspects refer to the tendency of an individual share and communi-
cate with others about the thoughts on a claim (s) resulted from raising worry questions.
Here the “worry questions” refer to someone’s raising concerns related to the validness

of the inferences made from the analysis of the data.

As the aforementioned explanations indicate, Gal and Rumsey thought of statis-
tical literacy as making the core of statistical reasoning and thinking. In the following
part statistical reasoning is explained since it requires higher level cognitive engagement

than statistical literacy according to hierarchy between these three domains.

2.2.2. Statistical Reasoning

Garfield (2002) defines statistical reasoning as to understand and reason with
statistical information and make interpretations based on sets of data. Although there
is no consensus about the development of statistical reasoning or how to determine
the level and correctness of the reasoning, it is suggested that statistical reasoning is
developed at the end of statistics courses. Therefore, students who have statistical
reasoning are expected to (i) apply their reasoning in different contexts and (ii) make

correct judgments and interpretations (Garfield, 2002).

Garfield (2003) developed an instrument, called Statistical Reasoning Assessment

(SRA), according to the correct reasoning types learners are expected to gain and to



the incorrect reasoning types learners should not develop. The correct reasoning skills
involve reasoning about; data, representations of data, statistical measures, uncertainty,

samples, and, association.

Incorrect reasoning types involve misconceptions regarding both probability con-
cept and some statistical measures. For instance, among are misconceptions about
averages, outcome orientation, bias about good sample, the law of small numbers, rep-

resentativeness misconception and equiprobability bias.

2.2.2.1. Correct Reasoning Types. In the following paragraphs, each of the correct

reasoning types are explained.

Reasoning about data: Statistics is based on data (Moore, 1990; Garfield & Ben-
Zvi, 2008). How data is produced is the most important thing since conclusions are
directly related to data analysis and thus data production (Garfield & Ben-Zvi, 2008).
When investigating a phenomenon, variables are determined (Mickelson & Heaton,
2004) and data are values of variables (Garfield & Ben-Zvi, 2008). Furthermore data
are only numbers without context (Moore, 1990). Within the context, type of data as
qualitative or quantitative can be determined. Then inferences can be drawn based
on type of data (Garfield & Ben-Zvi, 2008). However organizing or understanding
data changes according to different representations and different representations show
different characteristics of data (Konold, Higgins, Russell, & Khalil, 2003). Therefore
different types of data require different representations. For instance, qualitative data
are shown as pie graphs or bar charts while quantitative data are shown as histograms
or dot plots (Garfield & Ben-Zvi, 2008). In this regard reasoning about data involves
being able to identify the variables within the context in which the data is produced,
being able to determine the type of data, and being able to both know the types of
representations regarding different types of data and show them. Therefore, students

are expected to first be aware of these aspects of data.



Reasoning about representations of data: It refers to being able to read and un-
derstand a graph; to be able to modify it in order to interpret the data or recognize
the general characteristics (Garfield, 2003). Curcio (1987) investigated the predictors
of graph comprehension. In her study, skills of graph comprehension are categorized as
(i) reading the data, (ii) reading between the data and (iii) reading beyond the data.
Also, Friel, Curcio and Bright (2001) examined factors affecting graph comprehension.
Paralled to Curcio’s skills, Friel et al. (2001) categorized the indicators of graph com-
prehension as translation, interpretation, and extrapolation/interpolation. All these
researchers agree upon the fact that , graph comprehension requires at first level to
read the graph literally such as to be able to understand what the graph is about, at
a second level to interpret the presented data such as comparison of values or finding
median, and at the highest level, to make inferences from the given data such as an-
swering different questions not obvious in present data or establishing the relationship

between the variables.

Reasoning about statistical measures: It deals with knowing what measures of
center, spread and position tell about data; when and how to use them in interpreting

data (Garfield, 2003).

Measures of central tendency are representatives of the group of scores (Gay,
Mills, & Airasian, 2009). Mode, median and mean are the most frequently used ones
for describing nominal, ordinal and interval or ratio data, respectively. Mode is the
most frequent score observed in the data and not determined through calculation.
Median is the midpoint of the scores ordered with respect to their value and it does
not have to be one of the actual scores. Mean is the arithmetic average of the scores. It
is the most preferred and stable measure in describing the data since each participant’s
score is included in the mean (Gay et al., 2009). However, in case of existing extreme
scores in data, mean may not show the typical score of the data. In these cases median

and mode should be considered to be used in order to describe the data.

Measures of central tendency sometimes may not be sufficient in describing data.
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In these cases measures of spread should be taken into account especially in comparing
data sets (Garfield, 2003). For instance, while comparing two sets of data, the data
sets might have the same mean yet their spread might be totally different from each
other. This means then that these data sets are not the same. Therefore, it becomes
important to consider the measures of spread when examining the data sets relative
to each other. Range, quartile deviation and standard deviation are the measures of
spread used for nominal, ordinal and interval or ratio data, respectively (Gay et al.,
2009). Range is the difference between the highest and the lowest data scores. Standard
deviation is the square root of variance that tells how far each score is from the mean
(Gay et al., 2009). Similar to the mean, standard deviation is the most stable and
preferred measure of spread since each score is taken into account. Standard deviation
and mean together can give information about the scores of the data and thus data

sets can be compared (Gay et al., 2009).

Reasoning about uncertainty: It is to understand and use the ideas of randomness,
chance, and likelihood such as to know the ways of determining the probability of
events (Garfield, 2003). Outcome of an event cannot be determined certainly even if
possible outcomes are definite (Moore, 1990). For instance, if a fair coin is tossed,
possible outcomes are head and tail but which one is going to be shown is uncertain.
These possible outcomes are in a pattern since showing of something except from head
and tail is not possible. At the same time, each outcome is uncertain. Thus the
phenomenon under investigation is called as random (Moore, 1990) and its likelihood

could be measured.

Reasoning about samples: It requires being able to know the part-whole relation-
ship between sample and population (Watson & Moritz, 2000). Sample is a subset
of the population and by examining this subset; inferences can be made about the
population. That is to say results of the sample can be generalized to population. To
be able to generalize the results randomness, representativeness and bias are critical

notions to be considered (Watson & Moritz, 2000). In order to select a representative
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sample, members should be selected randomly since each member of the population
has the equal chance to be selected (Gay et al., 2009). That is, selection based on hu-
man judgment is intentionally abandoned since it is less possible to gather persistently
outrageous scores of the population with randomness (Moore, 1990). However just
random selection does not guarantees the representativeness since sample size effects
the results (Tversky & Kahneman, 1971). Small samples even if it is randomly selected
might not show all of the properties of the population since variability exists within
the population (Watson & Moritz, 2000). If sample size is big enough to include the
variability within the population and is a small scale replication, unbiased inferences

can be drawn. Therefore sample size is important in drawing inferences.

Reasoning about association: It refers to being able to interpret the relationship
between variables (Garfield, 2003). Whether there is a relationship between variables
or to what degree the relationship exists are the concerning questions. Even if two
variables are related to each other, it does not mean that causation exists between these
variables (Gay et al., 2009). For instance long hours of TV watching and low school
achievement level might be related but it does not mean that low school achievement

is the result of watching TV for long hours.

Researchers concluded that once the students have these reasoning skills, they
might be considered as having statistical reasoning (Garfield, 2002, 2003; Garfield
& Gal, 1999). However, they also contend that for someone to be able to reason
statistically, they should not have some particular misconceptions. In the following

paragraphs, I explain each of these incorrect statistical reasoning types.

2.2.2.2. Incorrect Reasoning Types. In the following paragraphs, each of the incorrect

reasoning types are explained.

Misconceptions involving averages: Misconceptions involving averages might vary.

For instance, some might think that averages are the most frequent number. In addi-
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tion, some other people might consider of mean and median as the same. Moreover,
some might argue that groups are compared according to their averages and average
is calculated with add-divide procedure regardless of the outliers. Researchers stated
that students should not be using these types of (incorrect) reasoning while analyzing

statistical information (Garfield, 2002, 2003; Garfield & Gal, 1999).

The outcome orientation: It refers to the tendency to decide by looking at just
a single event rather than series of the events (Konold, Pollatsek, Well, Lohmeier,
& Lipson, 1993). Therefore, outcome orientation seems to be related to being able to
think about uncertainty. For instance, as can be seen in SRA, people who have outcome
orientation see 70% likelihood of rain in ten days as it should rain in each of the ten
days (Garfield, 2003). However, there is still a 30% chance of not to rain for each day.
On the other hand, people with this misconception decide for each day independently
rather than looking at the whole ten days. According to their reasoning, 95% means
it rains, 50% means it cannot be known and 10% means it does not rain. The other
percent values are decided according to their proximity to these values. That is for

instance 70% chance means it rains while 15% means it does not rain at all.

Good samples have to represent a high percentage of the population: It means that
if a sample size is a large percentage of a population then it is a good sample (Garfield
& Ben-Zvi, 2008; Garfield, 2003). People who have this misconception think that if
population size increases then sample size should also increase. However for a reliable
estimation absolute size of the sample is important rather than the sample size relative
to the population (Smith, 2004). A well chosen sample can provide sound estimations
even if the sample is not a high percentage of the population (Garfield & Ben-Zvi, 2008)
since sample is randomly chosen. In other words, as stated earlier, random choice of
samples can provide representativeness and unbiased results. For instance probability
of heads can be obtained accurately from a thousand tosses although population size is

infinite and sample size is not a particular percentage of the population (Smith, 2004).

The law of small numbers: It refers to the fact that small samples resemble the



13

populations in making inferences (Garfield, 2003). People believe that a randomly
drawn any sample should have the same characteristics of the population without
considering sample size (Tversky & Kahneman, 1971). Thus randomly drawn two
samples are similar to each other since they are randomly chosen. However these two
samples might be different from each other since random samples varies, especially
the small ones (Garfield & Ben-Zvi, 2008). In this regard, this misconception might
be thought as complementary of the third misconception. That is, people having the
third misconception does not take into account the random choice of the sample while
thinking of the sample size, on the other hand, people having this misconception ignore
the sample size while thinking of the randomness. For instance as can be seen in SRA,
people with the intuition of law of small numbers tend to produce sequences with equal
numbers of heads and tails even in a small number of tosses. Although this is valid
for very large sample according to the law of large numbers (very large samples highly

represents population), people intuitively apply this law to the small samples too.

The representativeness misconception: It means that the likelihood of sample
depends on how it resembles to the population (Kahneman & Tversky, 1974). People
who have representativeness misconception tend to use heuristics instead of probability
principles. For instance, as a result of flipping a fair coin 6 times, obtaining HTHTHT,
is seen as less likely than obtaining HTTTHT (Kazak, 2008; Kazak, 2009). People who
have this misconception reason that HTHTHT is not random since there is a pattern.
Therefore they see it as less likely. However theoretically, probabilities of both events
are the same, which is (%)6. Thus, this misconception is related to the reasoning about

sampling and uncertainty.

The equiprobability bias: It means that the likelihood of events are tended to
be seen as the same since it happens by chance (Lecoutre, 1992). Thus they are
equiprobable by nature. For instance when two dice are simultaneously thrown, the
possibility of obtaining two fives and the possibility of obtaining one five and one

six on two rolls are seen as equally likely (Kazak, 2008; Kazak, 2009). However one
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five and one six can be obtained in two ways {56, 65} while there is just one way of
obtaining two fives because sample space equals {55}. Therefore the chance of getting
one five and one six double the possibility of getting two fives. Thus, people having

this misconception do not take into account the sampling.

After statistical reasoning is explained above, lastly statistical thinking is pre-
sented. Among statistical literacy, statistical reasoning and statistical thinking do-

mains, statistical thinking is at the highest level in terms of cognitive engagement

(Garfield & Ben-Zvi, 2007).

2.2.3. Statistical Thinking

Statistical thinking can be defined separately from statistical reasoning and liter-
acy but assessing and teaching overlaps with them (Chance, 2002). Statistical thinking
requires deep understanding of statistical processes and inferences (Garfield & Ben-Zvi,
2007) such that in the simplest way, it refers to thinking and behaving like a statistician
(Shaughnessy, 2007; Delmas, 2002; Chance, 2002; Pfannkuch & Wild, 2000; Wild &
Pfannkuch, 1999).

Processes of statistical thinking include summarizing data, solving a particular
problem, reasoning through a procedure and explaining the conclusion. Unique to the
statistical thinking is to see the processes as a whole, understand variation, explore
the data beyond the given prescriptions and generate new questions beyond the asked

ones (Rumsey, 2002).

Pfannkuch and Wild (2000) constructed a theory on statistical thinking. They
interviewed statisticians. The logic behind their research was that if the processes and
strategies of statisticians were known, then the type of thinking styles, which should
be developed in learners of statistics, could have been determined. Results showed
that there are four elements of statistical thinking. These are, taking (i) variation into

account, (ii) transnumeration, (iii) constructing and reasoning from models and (iv)
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integration or synthesis of problem context-matter and statistical understandings. The
aspects of variation as (i) being omnipresent, informative and inescapable, (ii) noticing
variation existing around us and (iii) wondering why it was placed to the center of the
statistical thinking were found to be the key indicators of statistical thinking. By the
same token, transnumeration was to be found another important aspect of statistical
thinking. Transnumeration refers to change data representations in order to understand
the situation. It is to change the constructs into measurable form or change the form of
data so that different perspectives can be inferred from the data. Similarly, constructing
and reasoning from models were profound indicators of statistical thinking. It refers to
reasoning about the data through mathematical constructs such as confidence intervals
or standard errors in order to say that the results are reliable. Finally, integration or
synthesis of problem context-matter and statistical understandings is to combine both
context knowledge and statistical knowledge in order to get information from data such
that without the context knowledge, statistical knowledge is not sufficient to get real

conclusions.

All in all, although statistical literacy, reasoning and thinking seem to include
similar characteristics, they differ from each other in terms of cognitive engagement

(Delmas, 2002). The cognitive engagement related to each domain, is shown in Ta-

ble 2.1.

Table 2.1. Tasks Distinguishing Three Domains.

BASIC LITERACY | Identify, Describe, Rephrase, Translate, Interpret, Read
REASONING Why?, How?, Explain (the process)
THINKING Apply, Critique, Evaluate, Generalize

These verbs given above are keys in instruction for distinguishing these domains
(Delmas, 2002). For instance statistically literate person can know when to use mean,
median and mode or critically evaluate the statistical statement. The abilities to

question, compare and contrast such as to be able to explain the add-divide procedure in
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finding mean, why we divide n-1 in finding standard deviation or to be able to relate the
concepts with each other such as independence of an outcome and representativeness
misconception belong to statistical reasoning. Lastly, applying the ideas to the new
problems and asking questions of your own such as choosing the best way to analyze

data or diagnosing weaknesses in the statistics procedures shows us statistical thinking.

2.2.4. The Analysis of the National Curriculum

Both the Secondary and Elementary School National Mathematics Curriculum
of Turkey (2013b) was analyzed in order to examine whether the existing objectives
regarding the statistics content are parallel to the cognitive tasks provided by DelMass
(2002) written above. This is important because as mentioned earlier, the statistics
education was integrated into the National Mathematics curriculum lately. The ex-
pectations of the curriculum developers seem to indicate that they suppose students
to develop statistical reasoning at the end of their high school education. For instance

these two sentences are quoted from the National Curriculum:

“Comparison of more than two data sets are covered.”

“Explain box-plot, draw and interpret box-plot of a data set and use box-plot
while comparing data sets.”

“Discrete and continuous data are defined and differences between them are
emphasized.”

Students are expected to compare the groups and explain usage of box-plot while
comparing these groups. Also difference between discrete and continuous data is em-
phasized in national curriculum. Therefore students are expected to engage in tasks
of statistical reasoning as given in Table 2.1. This suggests teachers to have at least
statistical reasoning to be able teach students for such a purpose. Therefore, deter-
mining preservice teachers’ reasoning types becomes important so that the education
they get prior to their actual teaching might be continued or might change accordingly.
Therefore in the next section, past research results found in the literature is discussed.

According to these results, statistical reasoning types of preservice mathematics teach-
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ers are tried to be anticipated.

2.3. Research in Statistics Education

In this part, related research with statistical reasoning is described in both global
and Turkish context. First of all, research conducted with preservice teachers in global
context was described. Then research related to statistics education in Turkey is pre-

sented.

Related to reasoning about statistical measures, Groth and Bergner (2006) con-
ducted a study describing preservice elementary school mathematics teachers’ con-
ceptual and procedural knowledge of mean, median and mode. They were asked to
compare and contrast use of measures of center. Results showed that very few of them
(3 out of 46) could talk about the hypothetical situations in which one of the mean,
median and mode might be a better measure of center although all of them could dis-
cuss the procedures of these measures. So this result can be interpreted as the fact
that their lack of conceptual knowledge prevent them to understand when to use these

measures of center.

Another study related to statistical measures, secondary school preservice teach-
ers’ discussion of variation in comparing two data sets was examined by Makar and
Confrey (2005). Their use standart statistical language was weak and they tended
to use informal words while describing variation and distribution. Although their use
of these words implied their understanding of measures of spread, it emerged from
shape of the distribution. So this might suggest that their reasoning about measures

of distribution was weak.

Moreover there were studies related to preservice teachers’ use of statistical mea-
sures in comparing distributions. One of them was conducted by Leavy (2006). Leavy
(2006) aimed to find out statistical concepts of elementary school preservice teachers

used in analyzing and comparing distributions of data. Elementary school preservice
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teachers compared the data sets with just descriptive statistics. Moreover they focused
on measures of center too much and ignore the variation. Another study investigating
elementary school preservice teachers’ and middle schools students’ reasoning about
distributions in comparing two data sets was conducted by Canada (2008). Similarly,
Canada (2008) found that elementary school preservice teachers compare the data sets
based on means of the data and ignore the variability. These studies can be interpreted
as preservice teachers are more comfortable in using measures of center than measures

of spread.

Related to another statistical reasoning type which is sampling, Groth and Bergner
(2005) investigated preservice elementary school mathematics teachers’ concept of sam-
ple through metaphors. They were asked to construct a metaphor about sample and
discuss. When their metaphors were analyzed few of them (10 out of 54) could give
metaphors pointing characteristic of sample which is representative part of the whole.
An important part of the participants (20 out of 54) just included the notion of part-
whole relationship between sample and population in their metaphors. However the
rest of the group could not even mention that relationship. According to these re-
sullts, sampling might be difficult to understand for preservice teachers as one of the

indispensible component of statistical reasoning (Garfield, 2003).

Furthermore Heaton and Mickelson (2002) examined elementary school preservice
teachers’ integration statistical investigation into elementary school curricula. They
were asked to conduct statistical investigation in their practicum class and help children
in their practicum class to apply statistical investigation. It was found that preservice
teachers understand the difficulty and importance of formulating meaningful questions
and data collection. Moreover they used their data to reach conclusions. However they
ignored the critical evaluation of their conclusions and representativeness of their data.
By the same token, they thought reasoning with data was just about teaching and they
could not appreciate the meaning of statistical investigation. Additionally children in

their practicum class could not go beyond technical components of graphing data and
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there was lack of deep interpretation of data. This situation was connected to teachers’
lack of understanding of statistical investigation and the fact that teaching depends
on what teachers know and understood. Therefore it was suggested that preservice

teachers should be supported pedagogically.

Additionally, there exists studies conducted with both elementary and secondary
school preservice mathematics teachers. Jendraszek (2010) investigated preservice teca-
hers’ probability misconceptions. The participants of the study were intented to teach
at elementary, secondary or college level. It is found that preservice teachers have
equiprobability bias and misconception of law of small numbers. Also, it was found
that their performance was related with their probability education especially if it hap-
pens at college. So, participants’ background in probability and statistics education,

is an important factor.

Taking all of these into consideration, these research points correct reasoning
skills mentioned previously in Section 2.2.2. According to these research findings;
preservice teachers have procedural knowledge rather than conceptual understanding
in measures of center (Groth & Bergner, 2006). Despite that, they overemphasize
measures of center in comparing data sets and do not take variation into account
(Leavy, 2006; Canada, 2008). Even though they might have informal notions about
variation, this stems from their focus on shape instead of measures of spread (Makar
& Confrey, 2005). Thus their comparison of data sets is shallow (Leavy, 2006). In fact
comparison of data sets revealed that they have difficulties in understanding data as
aggregate (Leavy, 2006; Makar & Confrey, 2005). Furthermore their reasoning about
data is far from deep interpretation and so do their students (Heaton & Mickelson,
2002). They do not find statistical investigation meaningful and do not appreciate
it (Heaton & Mickelson, 2002). Lastly there are missing points in their concept of
sample and they ignore the critical evaluation of representativeness (Groth & Bergner,
2005; Heaton & Mickelson, 2002). Since their teaching is about what they know, their

students’ learning will be the same (Heaton & Mickelson, 2002). Therefore preservice
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mathematics teachers’ statistical reasoning need to be investigated so that necessary

educational support could be given in order to develop students’ statistical reasoning

(Heaton & Mickelson, 2002).

2.3.1. Research in Statistics Education in Turkey

There are only a few studies conducted in the statistics area in Turkey (Ulutag
& Ubugz, 2008). Also, in these research studies, participants were dominantly selected
from elementary school students. Still these studies are presented since preservice
teachers’ and students’ conceptions are qualitatively similar to each other (Canada,
2008; Makar, 2004). So conceptions of students can lead us toward Turkish preservice
teachers’ conceptions. Related to elementary school mathematics, Ugar and Akdogan
(2009) focused solely on the concept of average in elementary school level, Kaynar and
Halat (2012) examined 8" grades’ statistics subjects, and Yolcu (2012) investigated
statistical literacy of 8 grades. Also Ozen (2012) examined preservice elementary

school mathematics teachers’ statistical and probabilistic knowledge.

Related to statistical measures, the study of Ucar and Akdogan (2009) aimed at
investigating how elementary school students understand average. They found out that,
half of the students, out of 18 could understand average as a representative value of
data whereas the other half could not. Additionally, most of the students think average
as arithmetic mean and students mostly attribute algorithmic add-divide procedure as
the meaning of average rather than understanding it conceptually. Also Kaynar and
Halat (2012) examined the statistics concepts of 8" grade students. It was found
that students’ overall success level at solving central tendency and dispersion questions
were low. Simlarly, almost all of them (92.7%) of them could not solve the standard

deviation question.

Additionally, Yolcu (2012) investigated 8th grade students’ statistics concepts, ex-
isting at Elementary Mathematics National Curriculum, according to Watson’s three

tiers (1997) in statistical thinking. Where the first tier refers to the understanding
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statistical terminology without context and context-free calculation of measures of
tendency and spread; the second tier involves understanding and interpretation of
statistics and terminology embedded in context (Watson, 1997). And the third tier
includes adopting critical stance toward statistical results and to be able to challenge
them. Yolcu (2012) found that pair wise differences existed between tiers. That is stu-
dents performed highest at the second tier, lowest at the third tier and slightly higher
at the first tier. Yolcu attributed the lowest and highest performance of students at
the third and second tier respectively to the National Curriculum whereas low perfor-
mance of students at first tier was associated with the mathematics teachers’ incorrect
usage of statistical terminology. Additionally, Yolcu emphasized those mathematics
teachers’ attitudes and critical evaluation of statistical knowledge might have affected

the students’ performance at third tier.

Regarding studies with preservice teachers, Ozen (2012) investigated preservice
elementary school mathematics teachers’ usage of critical thinking skills with statistical
and probabilistic knowledge in media contexts. The findings indicated that participants
use sample size as a single aspect of the statistics and they failed to relate it with
the context. Also results revealed that they were more familiar with data collection
methods than data analysis techniques. Finally, participants did not question the
results and quality of the research processes while thinking about the results and the

conclusions of the research contexts provided to them.

General implications of these previously discussed studies can be addressed as
follows. Firstly students do not use statistical terminology correctly (Yolcu, 2012).
Secondly they have misunderstanding in some concepts (Yolcu, 2012; Kaynar & Halat,
2012; Ucar & Akdogan, 2009). For instance, they fail to understand average as a
representative value of data (Ucar & Akdogan, 2009). Also they tend to see mean
and average as the same and they underestimate the meaning of average as add-divide
procedure. Thirdly they do not have critical stance toward statistical conclusions

(Yolcu, 2012). More importantly, possible reasons that generate these results are linked
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to the teachers’ gaps in their statistical content knowledge (Yolcu, 2012; Kaynar &
Halat, 2012; Ucar & Akdogan, 2009). Furthermore findings of Ozen (2012) and Yolcu
(2012) correspond with each other. They indicate that both students and preservice
elementary level mathematics teachers do not have critical stance toward statistical
conclusions. They both contended that their findings need to be investigated further
because teachers’ knowledge influences their students’ knowledge (Yolcu, 2012; Ucar &
Akdogan, 2009). Therefore, these results suggest that preservice teachers’ statistical
reasoning levels need to be investigated in order to have a good grasp of the nature
of their reasoning so that both their education prior to their actual teaching and their

students’ statistical reasoning can be developed properly.

2.4. Significance of the Study

Recent studies done in Turkey revealed that statistics is one of the subjects which
needs to be studied further (Ulutag & Ubuz, 2008; Ugar & Akdogan, 2009). Also, re-
search suggested that university students do not have much interest towards statistics
and Turkish people are not used to applying statistics knowledge in everyday life con-
texts (Sahin, 2012). However, research indicated that students who blindly believe the
claims in everyday life context are in need of statistics education (Watson, 1997). By
the same token, research results suggested that preservice teacher education should em-
phasize development of statistics concepts because teachers’ knowledge has an influence
on students’ performance (Fennema & Franke, 1992; Heaton & Mickelson, 2002). Yet,
the studies of statistics education conducted in the global context are mostly about
students’ understanding and there are fewer studies with teachers than with students

(Mickelson & Heaton, 2004; Shaughnessy, 2007).

In this regard, this study aimed at investigating statistical reasoning types of pre-
service mathematics teachers. An additional purpose is to provide the Turkish of the
Statistical Reasoning Assessment (SRA) (Garfield, 2003) for mathematics education

field in Turkey. This is especially important since the new curricula involve statis-
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tics education of students at both elementary and secondary level. With the Turkish
version, both teacher educators and teachers might assess their students’ statistical
reasoning. This is because although SRA was developed and used for high school stu-
dents initially (Garfield & Gal, 1999), later on, it was also used with university students
(Garfield, 2003).

A further aim of this study was to scrutinize whether a significant difference
existed between the elementary and the secondary preservice teachers’ statistical rea-
soning types. The reason follows: First, this research is conducted with preservice
teachers educated in all of the universities in Istanbul. As mentioned earlier, when the
teacher education programs was examined, not many of them (7 out of 22) already
include statistics courses for secondary school although there is a must course in ele-
mentary school mathematics education programs. If the results of this study show that
there is a difference between these teachers’ statistical reasoning types, these courses’
contents might be further investigated towrads a standardized course in teaching statis-
tics for secondary/elementary mathematics. If there is no difference, then this might
provide a description of the situation among preservice teachers who are supoosedly
known to enter the universities in Istanbul with the relatively highest scores in Turkey.
Therefore, this might create an awareness on the teacher educators’ part to include

such learning opportunities in the preservice teachers’ knowledge reportoire.
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3. STATEMENT OF THE PROBLEM

The purpose of the study is to investigate statistical reasoning types of the pre-

service elementary and secondary school mathematics teachers in Istanbul.

3.1. Research Questions and Hypotheses

Research questions of this study are given below:

(i) What are the statistical reasoning types of elementary school preservice mathe-
matics teachers?

(ii) What are the statistical reasoning types of secondary school preservice mathe-
matics teachers?

(iii) Is there any difference between statistical reasoning types of preservice secondary

school mathematics teachers and elementary school mathematics teachers?

The research hypotheses for the third research question, “Is there any difference
between statistical reasoning types of preservice secondary school mathematics teachers

and pre-service elementary school mathematics teachers?” is
e Hy3: There is not any significant difference between statistical reasoning types
of preservice secondary school mathematics teachers and preservice elementary
school mathematics teachers in.

3.2. Variables

In this study there are two variables: statistical reasoning types and teaching

level of preservice mathematics teachers. These variables are explained below.

Statistical reasoning types: In this study Garfield’s (2003) definition of statistical
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reasoning is adopted. According to her, there are eight correct reasoning skills learners
are expected to gain and eight incorrect reasoning types learners should not develop in
order to be counted as having statistical reasoning. These correct reasoning skills and

misconceptions are showed in Table 3.1 and Table 3.2.

Table 3.1. Correct Reasoning Skills.

Correct Reasoning Skills

Correctly interpret probabilities

Understand how to select an appropriate average

Correctly compute probability

Understand independence

Understand sampling variability

Distinguish between correlation and causation

Correctly interpret two way tables

Understand importance of large samples

Table 3.2. Misconceptions.

Misconceptions

Misconceptions involving averages

Outcome orientation

Good samples represents high percentage of the population

Law of small numbers

Representativeness

Correlation implies causation

Equiprobability bias

Groups can be compared if they are the same size

Teaching level of preservice mathematics teachers: preservice mathematics teach-

ers were the students studying in the last term of mathematics education program at
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secondary and elementary level. Mathematics teaching are taught in two different
programs in Turkey as secondary and elementary school mathematics teaching. Ele-
mentary school preservice mathematics teachers are expected to teach 5", 6t", 7¢" and
8" grades. Secondary school preservice mathematics teachers are expected to teach

9t 10, 11" and 12" grades.
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4. METHODOLOGY

Aim of this study is to assess statistical reasoning of preservice secondary and
elementary school mathematics teachers. In parallel with the purpose of the study;
participants, research design, instrument, procedure and data analysis were explained
in this chapter. Sample section includes sampling method and description about the
sample.Then method of the study is introduced in research design section. Afterwards
data collection instrument and obtaining its Turkish version is explained. Also how

data was collected is explained in the procedure part. Lastly data analysis is described.

4.1. Sample

Target population of the study is preservice secondary and preservice elemen-
tary school mathematics teachers studying in the mathematics teaching programs in
Istanbul. Preservice teachers who participated the teaching methods course at the time
of data collection constituted the sample. Although all of the population members were
aimed to be reached, sample consists of 80% of the population of preservice secondary
school mathematics teachers and 50% of the population of preservice elementary school

mathematics teachers.

Three secondary school mathematics teaching program exists as one private and
two state universities in Istanbul. So population of this study at secondary level were
109 preservice teachers as 30 of them studying in private and 79 of them studying in
state universities . Sample size is 91 since data were collected from 24 out of 30, 25 out
of 29 and 42 out of 50 preservice teachers at secondary level. So at least 80% of the
preservice secondary school mathematics teachers population for each university were

reached.

Four elementary school mathematics teaching program exists as one private and

three state universities in Istanbul. So population of this study at elementary level
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were 170 preservice teachers 15 of whom studying in private and 155 of whom studying
in state universities. Sample size is 82 since data were collected from 27 out of 50,
30 out of 60, 21 out of 45 and 4 out of 15 preservice teachers at elementary level. So
about 50% of the preservice elementary school mathematics teachers population for

each university were reached.

Participants were asked whether they took statistics course or not. 85.7% of
secondary school preservice teachers took statistics course and 90.2% of elementary

school preservice teachers took a course to teach probability and statistics.

4.2. Research Design

Research design is descriptive since the situation, which is statistical reasoning of
preservice mathematics teachers in this case, is aimed to be described with quantitative
data and to determine existing differences between secondary and elementary school
preservice mathematics teachers (Gay et al., 2009). Groups are established according
to the grouping variable which is the teaching level of preservice mathematics teach-
ers. Statistical reasoning of preservice teachers according to their teaching level are

compared.

4.3. Instrument

Researchers and teachers use different methods such as performance assessments
or interviewing students while assessing teaching, learning or the development of sta-
tistical reasoning. However these types are not practical to administer in large scale
assessments (Garfield, 2003; Tempelaar, 2004). Statistical Reasoning Assessment —
SRA, on the other hand, is a paper-pencil test which is easy to administer and score
large scale assessments. Also it is helpful for the design of instructions since responses
provide information about correct reasoning skills and misconceptions (Sundre, 2003).

By the same token, when the National Mathematics Curriculum is examined, the same
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statistical reasoning types such as understanding how to select an appropriate average
or misconception of comparing groups based on average are also included in the sec-
ondary and elementary school national mathematics curriculum. Therefore Statistical

Reasoning Assessment — SRA (Garfield, 2003) was used in this study.

Table 4.1. Correct Reasoning Subscales.

Scales Items and Alternatives

1- Correctly interpret probabilities 2d, 3d

2-Understand how to select an appropriate av- | 1d, 4c, 17c

erage

3-Correctly computes probability

a: Understands probabilities as ratios 8c

b: Uses combinatorial reasoning 13a, 18b, 19a, 20b
4-Understand independence 9¢, 10cdf, 11e
5-Understand sampling variability 14b, 15d
6-Distinguish between correlation and 16¢

causation

7-Correctly interpret two way tables 5,1d
8-Understand importance of large samples 6b, 12b, Tef

SRA is developed firstly to evaluate the effect of US high school statistics cur-
riculum on students’ statistical reasoning in 1998 and was published in 2003. In many
studies, it was used and accepted as a valid and reliable instrument (Tempelaar, 2004;
Liu, 2002). Also it was translated into French, Spanish and Chinese (Garfield & Gal,
1999). It includes 20 multiple choice items. Each item is about probability or statis-
tics. Choices of items are particular reasoning statements which show correct reasoning,
misconception or simply false instances. Therefore there are two main categories as
correct reasoning skills and misconceptions. These two main categories have 8 scales.
Measuring items and alternatives for each scale belonging correct reasoning skills and

misconceptions are given below (See Table 4.1 and Table 4.2).



Table 4.2. Misconceptions Subscales.

Scales

Items and Alternatives

1-Misconceptions involving averages

a: Averages are the most common number
b: Fails to take outliers into consideration
when computing the mean

¢: Compares groups based on their averages

d: Confuses mean with median

la, 4a, 17e
lc, 4b

15bf
17a

2-Outcome orientation

2e, 3ab, 11abd, 12¢, 13b

3-Good samples have to represent

high percentage of the population

7be, 16ad

4-Law of small numbers 12a, 14c
5-Representativeness 9abd, 10e, 11c
6-Correlation implies causation 16be
7-Equiprobability bias 13c, 18a, 19d, 20d
8-Groups can only be compared 6a

if they are the same size

30

4.3.1. Turkish Version of Instrument

Firstly Turkish version of SRA was obtained (See Appendix A). Adaptation of
an instrument include processes of translation, examining validity, determining equiva-
lence of the items, and examining reliability of the instrument (Hambleton & Patsula,
1998). Therefore, the same procedures were followed in order to obtain Turkish version
of SRA. In the following paragraphs firstly how SRA translated to Turkish is explained.
Then expert-opinion about the construct validity of the items was described. Then pro-
cesses of examining equivalence of the items and reliability of the test were allocated.
Data analysis procedure and results were given place in both equivalence and reliability

parts.
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Translation: Instrument is translated by a professional translator, a graduate
student studying at a Mathematics Education Master Program and the researcher of
this study. Aspects of familiarity with the content of the instrument and competency
at both of the languages are taken into consideration while choosing translators. Only
forward translation was applied since back translation method might have some dis-
advantages (Hambleton & Kanjee, 1993). For instance, in back translation instrument
is translated into target language and then it is translated back to source language
in order to compare the differences with the original one. Since comparison is made
between the source language and back translated version, the possible problems ap-
peared in target language cannot be detected. Additionally, lack of exactly the same
expressions or similar language structure in both of the languages might be respon-
sible for poor translation although back translated version seems to be the same as
the original version. After translation, the researcher and thesis advisor revised the
translated instruments independently and after reaching agreement, final version was

constructed. Also a Turkish teacher controlled the grammar of the test.

Validity: Whether the questions measure the same construct both in the Turkish
version and in the original instrument were evaluated by three experts in the area
other than board members. These experts were researchers in mathematics education,
foreign language education and computer and educational technologies area. Also they
previously had similar studies. Their evaluation resulted as the questions measures the
same construct in both versions. Also there were minor suggestions related to Turkish
context.Therefore the adapted version is revised by the researcher and then it was
checked by the researcher and thesis advisor twice according to experts’ comments.
After final version was reached, the translated version of the test was administered for

the equivalence and reliability studies.

Equivalence: In this part firstly sample and procedure of equivalence study is

explained. Then data analysis and results are presented.

In order to establish empirical evidence for linguistic equivalence bilingual or
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monolingual participants can participate in the study, but finding sufficient number of
bilingual participants might be difficult (Hambleton & Kanjee, 1993; Rapp & Allalouf,
2003). Therefore monolingual university students participated in the equivalence study.
These participants were competent at both languages since their native language was
Turkish but they have been studying for four years in a university in which instruction
language is English. The number of participants should be at least 30 for this equiv-
alence study because of the parametric analysis requirement (Gay et al., 2009). In
this part, 61 university students as two groups took firstly the original instrument. At
least two weeks should be left between test administrations as a precaution (Aksayan
& Goziim, 2002). If shorter than two weeks, participants might remember the items
and higher scores might appear. Therefore three weeks later they retook the Turkish

version of the instrument.

Analysis of the equivalence of the forms was done item by item. Responses were
coded as 1 for correct answer and 0 for incorrect answers. Also blank answers were
coded as 0. So data is ordinal type of data. Therefore McNemar test as one of non-
parametric tests was used in data analysis (Gay et al., 2009). Its assumptions (Bagtiirk,

2010) and how these assumptions were ensured are given below:

(i) Test should be administered to same people at two different times: McNemar
Test is used in analysis of matched-pair data (Durkalski, Palesch, Lipsitz, & Rust,
2003; Bastiirk, 2010). In this part of the study, same groups of students took
the English version of the test and 3 weeks later they took the Turkish version
of the test. Therefore the assumption of administration at two different times to
the same people was ensured.

(ii) Variable of interest should be dichotomous: Scores are coded as dichotomous
since responses are scored as 1 for correct and 0 for incorrect or blank ones. For
instance a case cannot be coded as both 1 and 0; it should be either 1 or zero.

(iii) Data can be presented in 2x2 table: Since data are dichotomous and test adminis-

tered at two different times to the same participants, data can be presented in 2x2
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table. How data can be placed is showed above in Table 4.3. In this table, true
and false refer to the number of correct answers and incorrect answers respec-
tively. Turkish and English refer to the administration of Turkish and original

version of the instrument respectively.

Table 4.3. Presentation of Data.

English Version

True False

True

Turkish Version

False

Cross-tables of McNemar Test for each item are shown in Appendix B. The results
(N=61, p value 2-tailed) as a whole is given below (See Table 4.4). Insignificant p-value
means “there is no difference between the Turkish and English forms” because of the

hypothesis of McNemar Test.

Significant difference was not appeared in all of the questions, except 1%, 2"¢,

4th 10th_c, 11th, 13t and 17k,

Firstly translations of these questions was checked but language of these ques-
tions were not complicated. Then these questions were translated back to English by
a professional translator who are familiar with the statistics and probability. Then
back translated version and original version were compared by a Ph.D. student in
mathematics education who are about to have Ph.D. degree and competent in both
languages. Since she determined as there is no difference between two versions of these
questions which might affect the results, cross-tables of McNemar Test were examined.
According to McNemar analysis of these questions, significant result stems from the
difference between incorrect answers in administration of original version and correct
answers in administration of translated version. It is seen that most of the participants

answered incorrectly in administration of original instrument whereas they answered



Table 4.4. Results of McNemar Test.

Questions | p-value
1 .007
2 .008
3 1
4 .031

5-1 581
5-2 815
6 815
T-e 078
7-f .049
8 125
9 1.
10-c .001
10-d .690
10-f .664
11 021
12 791
13 013
14 227
15 754
16 .664
17 .007
18 1.
19 .687
20 219

34
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correctly in administration of Turkish version (See Appendix B). Furthermore 15¢, 4",
17" questions assess selecting an appropriate average and 2", 10*"-c, 11** and 13
questions assess outcome orientation misconception. Since these questions are related
to two subjects and their answers were incorrect in original version while correct in
Turkish version, it is accounted for the data that significant difference might have

resulted from their learning of the these subjects.

In order to examine correlation between results of Turkish and English adminis-
trations for total correct reasoning skills score and misconceptions score, participants’

total score were found. How their scores were found, explained below (See Scoring).

Scoring: The original scoring of the instrument was applied. Each person has

total correct reasoning skills score, total misconceptions score and 16 sub-scales scores.

Instead of scoring each item as correct or incorrect, responses were analyzed as
signaling a correct or incorrect type of reasoning. Responses contributed two main
categories as score of correct reasoning skills and score of misconceptions. These two
main categories have 8 sub-scales. Therefore 16 scores are obtained from these sub-
scales. There are particular alternatives of the particular items contributing to the
score of these sub-scales. The list of alternatives and items for each scale are also given

previously in Section 4.3 (See Table 4.1 and Table 4.2).

Correct reasoning skills score is obtained per person in the following way: Some-
one selecting the correct alternative(choice) gets 1 point otherwise 0 point. These
scores of particular responses of the items contributing each scale are added and then
divided by the number of items since each scale includes different number of responses.
In this way, scores of each sub-scale change on a scale of 0 to 2. For instance the
scale of Correctly Interprets Probabilities is composed by alternative d of 2"¢ and 3¢
items. If someone answers correctly one of them and incorrectly the other, s/he gets

(1+0)

.5 point for Correctly Interprets Probabilities sub-scale since 1T equals .5. The other

correct reasoning subscales scores are found by the same way. Then, after scores of
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each subscales generating correct reasoning skills score per person are found, they are
added in order to obtain a total correct reasoning score. This procedure is repeated in

order to find each participant’ score.

The same procedure is applied for obtaining “Misconceptions” score but at this
part if someone selects the alternative signaling a misconception, then s/he gets 1 point.
Therefore 0 means for misconception part, s/he does not have the misconception. For
instance the scale of Representativeness Misconception is composed by alternative a,
b, d of 9, e of 10" and ¢ of 11*" items. If someone selects all of these alternatives for
these questions, s/he gets 1.67 point for Representativeness Misconception sub-scale

w equals 1.67. The other misconceptions subscales scores are found by

since
the same way. Then, after scores of each miconceptions subscales scores are found, they
are added in order to obtain a total misconceptions score. This procedure is repeated

in order to find each participant’ score.

In order to found correlations between results of Turkish and English admin-
istrations for total correct reasoning skills score and misconceptions score Pearson-r
correlation coefficient was intented to be calculated. However to calculate Pearson-r
correlation coefficient, both variables should be continuous and both groups should be
normally distributed (Biiytikoztiirk, 2010). Variables become continuous in calculating
total scores and how to obtain these total scores were explained below. Then normal

distribution was checked by Kolmogorov-Smirnov Test (Biiyiikoztiirk, 2010).

Table 4.5. Test of Normality- Equivalence of Correct Reasoning Skills Scale.

Kolmogorov-Smirnov

Statistic | df | Sig.
Original Version .070 62 | .200
Turkish Version .092 62 | .200

As can be seen from Table 4.5, normal distribution assumption for total correct
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Table 4.6. Equivalence-Correct Reasoning Skills Scale.

Original Version | Turkish Version
Original Version Spearman’s p 1 .649%*
N=(61)
Turkish Version Spearman’s p 649%* 1
N=(61)

reasoning skills score were failed. Therefore Spearman-rho correlation coefficient was
calculated. Significant and high correlation between results of Turkish and English

administration for correct reasoning skills score were found, p = .649, p < 0.01 (See

Table 4.6).

Table 4.7. Test of Normality-Equivalence of Misconceptions Scale.

Kolmogorov-Smirnov

Statistic | df | Sig.
English Version 073 61 | .200

Turkish Version .067 61| .200

As can be seen from Table 4.7, normal distribution assumption for misconcep-
tions score were failed. Therefore Spearman-rho correlation coefficient was calculated.
Significant and low correlation between results of Turkish and English administration

for misconceptions score were found, p = .285, p < 0.05 (See Table 4.8).
Reliability: In this part firstly how the sampling was done and procedure of
reliability study is explained. Then analysis of the data and results of the reliability

analysis are presented.

After equivalence was established between the forms of the instrument, reliability
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Table 4.8. Correlation-Equivalence of Misconceptions Scale.

Original Version | Turkish Version
Original Version Spearman’s p 1 .285%*
N=(61)
Turkish Version Spearman’s p .285%* 1
N=(61)

analysis was conducted. In original version of the test, internal consistency was found
as quite low. This result was considered as the test does not measure one trait or
ability (Garfield, 2003). Therefore test-retest reliability coefficient was calculated in
original study. In congruent to this, test-retest reliability coefficient was calculated in

this study.

Table 4.9. Test of Normality-Reliability of Correct Reasoning Skills Scale.

Kolmogorov-Smirnov

Statistic | df | Sig.
1%t administration .064 62 | .200
274 gdministration .073 62 | .200

Adapted version was re-administered to the same participants (N=61) again 3
weeks after the first administration of the adapted version was done. In order to match
the results of the same participants, they were asked to write their student number.
Consistency between two administrations was controlled by test-retest reliability anal-
ysis. Pearson-r Correlation coefficient was intented to be calculated for correct reason-
ing skills scale and misconceptions scale (Biiytikoztiirk, 2010). However to calculate
Pearson-r correlation coefficient, both variables should be continuous and both groups
should be normally distributed as it is explained in equivalence part (Biiylikoztiirk,

2010). Normal distribution was checked by Kolmogorov-Smirnov Test (Biiyiikoztiirk,



39

Table 4.10. Reliability of Correct Reasoning Skills Scale.

1% administration | 2"? administration
15" administration Spearman’s p 1 T64%*
N=(62)
274 administration Spearman’s p T64%* 1
N=(62)

2010) and normal distribution assumption was failed Correct Reasoning Skills Scale
as can be seen in Table 4.9. Therefore Spearman-rho correlation coefficient was calcu-
lated. Significant and high correlation between results of two Turkish administration

for correct reasoning skills score were found, p = .764, p < 0.01 (See Table 4.10).

Table 4.11. Test of Normality-Reliability of Misconceptions Scale.

Kolmogorov-Smirnov

Statistic | df | Sig.

1%t administration .069 62 | .200

274 administration 111 62| .054

Normal distribution was checked by Kolmogorov-Smirnov Test (Biiytikoztiirk,
2010) and normal distribution assumption was failed for Misconceptions Scale as can
be seen in Table 4.11. Significant and high correlation between results of two Turkish
administration for misconceptions score were found, p = .666, p < 0.01 (See Table
4.12). Since reliability of .70 for the correct reasoning skills scale and .75 for the
misconceptions scale was found in original study, reliability results are parallel with

the original study.
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Table 4.12. Reliability of Misconceptions Scale.

1% administration | 2"? administration
15" administration Spearman’s p 1 .666**
N=(62)
274 administration Spearman’s p 666%* 1
N=(62)

4.4. Procedure

After the instrument was translated into Turkish and validity-reliability stud-
ies were completed, instrument was administered to preservice teachers in order to

investigate the research questions.

Firstly the universities in Istanbul in which mathematics education at secondary
and elementary level are offered were determined. Then, head of the programs were
determined and their consent were requested to administer the instrument. After the
permissions were obtained, the instructors of the teaching methods course of each
university were reached since preservice teachers take methods courses during their
last year of undergraduate education. Also permissions of these instructors were asked
so that instrument could be administered during their method course. After preservice
teachers were asked to volunteer for the research, instrument is administered. This
process was repeated for all of the secondary school preservice teachers in the sample.
However 13 elementary school preservice teachers of two particular university, had to
take the test in online since their classes finished earlier and instrument could not
be administered during their method courses. Instead they answered the questions in
online. Since the results of these 13 participants were not different from the others, they
were included to the sample. The rest of the elementary school preservice teachers in
the sample took the test in their method courses. Administration took approximately

20 to 30 minutes.
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After the data collection, data were subscribed into SPSS and analyzed quanti-
tatively.

4.5. Data Analysis

In this section, participants’ correct reasoning skills score, total misconceptions
score and 16 sub-scales scores were used. How these scores were obtained, were ex-

plained in the Section 4.3 (see scoring).

For the first and second research question: The reasoning skills of preservice
teachers are tried to be described. Firstly scores of each sub-scale, then correct rea-
soning skills scale and misconceptions scale score was calculated as it was explained
above. Mean and standard deviation for each groups were calculated separately. Also

frequency of the most common answer for each question is presented.

For the third research question: After describing the data, in order to compare the
group results for each sub-scale, correct reasoning skills score and misconceptions score;
independent samples t-test or Mann Whitney U Test was administered. Assumptions

of independent samples t-test are that

(i) dependent variable should be interval or ratio data,
(ii) samples should be independent from each other,

(iii) both groups should be normally distributed (Biiytikoztiirk, 2010).

Dependent variables are the scores and they are in continuous form. Also groups
are independent from each other; each individual belongs to only one of the groups. In
order to check for normal distribution, Kolmogorov-Smirnov Test was applied. When
the groups are normally distributed, independent samples t-test can be conducted.
However if the groups are not normally distributed, then non-parametric test of Mann-
Whitney U was applied to compare the scores of the groups (Bagtiirk, 2010). Assump-
tions of Mann-Whitney U Test are that
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(i) dependent variable should be at least ordinal type of data,
(ii) samples should be independent from each other (Biiyiikéztiirk, 2010).

Also there are two sub-scale (distinguishes between correlation and causation,
groups can only be compared if they are the same size). Independent Samples t-test or
Mann-Whitney U Test could not administered for these subscales. They are constituted
by just one question. So scores of these subscales are dichotomous since answers of the
question were coded as 0 or 1. Therefore chi-square test was administered in order to

examine differences between groups’ scores in these subscales.
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5. RESULTS

There are three main sections. These sections include subsections demonstrating
results of correct reasoning skills subscales, results of misconceptions subscales and total
scores. Findings related to each research question are presented under each of these
subsections. These subsections include descriptive statistics. These statistics are given
separately for both elementary school and secondary school preservice mathematics
teachers related to first and second research questions. Also these subsections include

comparisons of results for each groups related to third research question.

5.1. Correct Reasoning Skills

In this section results for each correct reasoning skills subscales presented. These
sub-scales were given in Section 4.3 previously as Table 4.1 (See Instrument Section).
Results of each subscale includes descriptive statistics which were provided for both

groups separately.

In order to examine whether there exists a difference between subscale scores of
secondary school preservice mathematics teachers (N=91) and elementary school pre-
service mathematics teachers (N=82) firstly Kolmogorov-Smirnov normality test was
administered for each subscale except distinguishes between correlation and causation
subscale. Significant value of normality test for each subscale was found .00 in both
groups. Thus normal distribution assumption was failed for each subscale scores of
both groups. Therefore results of the groups were compared with Mann-Whitney U
Test. Statistics of both of these analysis were given as tables under each subscale

subsection.
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5.1.1. Correctly interprets probabilities

This subscale consists answers to 2"¢ and 3" questions. Scores of this subscale
is calculated over 1. According to data analysis, scores changed between 0 and 1. So

there were participants who could not answer correctly any of the questions and who

could answer correctly both of the questions.

Table 5.1. Descriptive Statistics for Correctly interprets probabilities.
Secondary Level | Elementary Level

N 91 82
z 747 .683
SD 273 309
2d 94.5% 90.2%
3d 54.9% 46.3%

Sig. Value of Normality Test .00 .00

When Table 5.1 is examined, descriptive statistics for secondary school preservice
mathematics teachers (N=91) are found as z= .747 and SD=.273. For elementary

school preservice mathematics teachers (N==82), 2= .683 and SD=.309 were found.

Table 5.2. Mann-Whitney U Test for Correctly interprets probabilities.

Groups N | Mean Rank | Sum of Ranks | U Z P
Elementary Level | 82 82.43 6759 3356 | -1.288 | .198
Secondary Level | 91 91.12 8292

Results of Mann-Whitney U test is given in Table 5.2. Results show that, a sig-
nificant difference between correctly interprets probabilities subscale scores of between

secondary school preservice mathematics teachers and elementary school preservice
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mathematics teachers was not found (U= 3356; p > 0.05). When mean rank is con-
sidered, scores of secondary school preservice mathematics teachers are higher than
elementary school preservice mathematics teachers but this score difference is not suf-

ficient for statistically significant difference.
5.1.2. Understands how to select an appropriate average

This subscale consists answers to 1%, 4" and 17*" questions. Scores of this sub-
scale is calculated over 1. According to data analysis, scores changed between 0 and

1. So there were participants who could not answer correctly any of the questions and

who could answer correctly all of the questions.

Table 5.3. Descriptive Statistics for Understands how to select an appropriate

average.
Secondary Level | Elementary Level
N 91 82
z 454 447
SD 312 311
1d 30.8% 34.1%
4c 46.2% 36.6%
17c 59.3% 63.4%
Sig. Value of Normality Test .00 .00

As Table 5.3 is examined, descriptive statistics for secondary school preservice
mathematics teachers (N=91) are found as z=.454 and SD=.312. For elementary
school preservice mathematics teachers (N=82), £=.447 and SD=.311 are found.

Results of Mann-Whitney U test is given in Table 5.4. When the results are

examined, a significant difference in understands how to select an appropriate average



46

Table 5.4. Mann-Whitney U Test for Understands how to select an appropriate

average.
Groups N | Mean Rank | Sum of Ranks U Z P
Elementary Level | 82 86.34 7079.50 3676.5 | -.174 | .862
Secondary Level | 91 87.60 7971.50

subscale scores of between secondary and elementary school preservice mathematics
teachers was not found (U= 3676.5; p > 0.05). When mean rank is considered, scores
of secondary school preservice mathematics teachers are higher than elementary school
preservice mathematics teachers but this score difference is not sufficient for statistically

significant difference.

5.1.3. Correctly computes probability.

Table 5.5. Descriptive Statistics for Correctly computes probability.

Secondary Level | Elementary Level
N 91 82
z 314 337
SD 179 211
8c 95.6% 93.9%
13a 22.0% 31.7%
18b 11.0% 14.6%
19a 12.1% 13.4%
20b 16.5% 14.6%
Sig. Value of Normality Test .00 .00

This subscale consists answers to the 8", 13th*", 18 19** and 20" questions.

Scores of this subscale is calculated over 1. According to data analysis, scores changed
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between .20 and 1. So all of the participants answered at least one question which is
most likely 8" since its most common answer is the correct answer and its percentage
is 95.6 and 93.9 for secondary and elementary level respectively. Also there were

participants who could answer correctly all of the questions of this subscale.
When Table 5.5 is examined, descriptive statistics for secondary school preservice

mathematics teachers (N=91) were found as z= .314 and SD=.179. For elementary

school preservice mathematics teachers (N=82), 2=.337 and SD=.211 were found.

Table 5.6. Mann-Whitney U Test for Correctly computes probability.

Groups N | Mean Rank | Sum of Ranks | U Z P
Elementary Level | 82 88.88 7288 3577 | -.538 | .591
Secondary Level | 91 85.31 7763

Results of Mann-Whitney U test is given in Table 5.6. When the results are
examined, a significant difference in correctly computes probability subscale scores of
between secondary school and elementary school preservice mathematics teachers was
not found (U= 3577; p > 0.05). When mean rank is considered, scores of elementary
school preservice mathematics teachers are higher than secondary school preservice
mathematics teachers but this score difference is not sufficient for statistically signifi-

cant difference.
5.1.4. Understands independence

This subscale consists answers to the 9t 11** and alternative c, d, f of 10*
questions. Scores of this subscale is calculated over 1.67. According to data analysis,
scores changed between 0 and 1.67. So there were participants who could not answer

correctly any of the questions and who could answer correctly all of the questions.

When Table 5.7 is examined, descriptive statistics for secondary school preservice
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Table 5.7. Descriptive Statistics for Understands independence.

Secondary Level | Elementary Level
N 91 82
z 1.187 1.150
SD .345 426
9e 93.4% 92.7%
10c 61.5% 65.9%
10d 31.9% 35.4%
10f 76.9% 63.4%
11le 92.3% 87.8%
Sig. Value of Normality Test .00 .00

mathematics teachers (N=91) were found as £=1.187 and SD=.345. For elementary

school preservice mathematics teachers (N=82), z= 1.150 and SD=.426 were found.

Table 5.8. Mann-Whitney U Test for Understands independence.

Groups N | Mean Rank | Sum of Ranks U Z P
Elementary Level | 82 85.95 7047.50 3644.5 | -.273 | .785
Secondary Level | 91 87.95 8003.50

Results of Mann-Whitney U test is given in Table 5.8. When the results are
examined, a significant difference in understands independence subscale scores of be-
tween secondary and elementary school preservice mathematics teachers was not found
(U=3644.5; p > 0.05). When mean rank is considered, scores of secondary school pre-
service mathematics teachers are higher than elementary school preservice mathematics

teachers but this score difference is not sufficient for statistically significant difference.
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5.1.5. Understands sampling variability

This subscale consists answers to the 14" and 15" questions. Scores of this
subscale is calculated over 1. According to data analysis, scores changed between 0

and 1. So there were participants who could not answer correctly any of the questions

and who could answer correctly both of the questions.

Table 5.9. Descriptive Statistics for Understands sampling variability.

Secondary Level | Elementary Level
N 91 82
z 148 122
SD 253 .243
14b 24.2% 14.6%
15d 5.5% 9.8%
Sig. Value of Normality Test .00 .00

When Table 5.9 is examined, descriptive statistics for secondary school preservice
mathematics teachers (N=91) were found as £=.148 and SD=.253. For elementary

school preservice mathematics teachers (N=82), z=.122 and SD=.243 were found.

Table 5.10. Mann-Whitney U Test for Understands sampling variability.

Groups N | Mean Rank | Sum of Ranks | U Z P
Elementary Level | 82 84.57 6935 3532 | -.805 | .421
Secondary Level | 91 89.19 8116

Results of Mann-Whitney U test is given in Table 5.10. When the results are
examined, a significant difference in understands sampling variability subscale scores
of between secondary and elementary school preservice mathematics teachers was not

found (U= 3532; p > 0.05). When mean rank is considered, scores of secondary school
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preservice mathematics teachers are higher than elementary school preservice math-
ematics teachers but this score difference is not sufficient for statistically significant
difference.

5.1.6. Distinguishes between correlation and causation

This subscale consists answers to the only 16" question. Scores of this subscale

is calculated over 1. According to data analysis, scores changed between 0 and 1.

Table 5.11. Descriptive Statistics for Distinguishes between correlation and causation.

Secondary Level | Elementary Level
N 91 82
z 319 232
SD 469 425
16¢ 31.9% 23.2%

When Table 5.11 is examined, descriptive statistics for secondary school preser-
vice mathematics teachers (N=91) were found as 7=.319 and SD=.469. For elementary

school preservice mathematics teachers (N=82), £=.232 and SD=.425 were found.

Table 5.12. Chi-square Test for Distinguishes between correlation and causation.

16
True | False | Total | X2 |[df| p
Elementary School | 19 63 82 1.628 | 1 | .202

Secondary School 29 62 91
Total 48 125 | 173

Normality test was not administered since subscale includes only one question

such that data is dichotomous. Therefore Chi-Square test was administered in order
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to examine whether there exists a difference between distinguishes between correlation
and causation subscale scores of secondary school preservice mathematics teachers
(N=91) and elementary school preservice mathematics teachers (N=82). Results of
Chi-Square test is given in Table 5.12. When the results are examined, a significant
difference between distinguishes between correlation and causation subscale scores of

secondary and elementary school preservice mathematics teachers was not found (X?=

1.628; p > 0.05).

5.1.7. Correctly interprets two-way tables

This subscale consists answer to the 5 question. Scores of this subscale is calcu-
lated over 2 since it has two parts. According to data analysis, scores changed between
0, 1 and 2. So there were participants who could not understand how the two-way
table works and interpret the table in comparing the groups. When Table C.1 and Ta-
ble C.2 are examined, 53.7% and 71.4% of elementary and secondary school preservice

mathematics teachers could answered this question correctly respectively.

Table 5.13. Descriptive Statistics for Correctly interprets two-way tables.

Secondary Level | Elementary Level
N 91 82
z 1.406 1.207
SD .856 885
51d 71.4% 51.2%
Sig. Value of Normality Test .00 .00

When Table 5.13 is examined, descriptive statistics for secondary school preser-
vice mathematics teachers (N=91) were found as = 1.406 and SD=.856. For ele-
mentary school preservice mathematics teachers (N=82), =1.207 and SD=.885 were

found.
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Groups N | Mean Rank | Sum of Ranks | U Z P
Elementary Level | 82 81.29 6666 3263 | -1.613 | .107
Secondary Level | 91 92.14 8385

Results of Mann-Whitney U test is given in Table 5.14. When the results are

examined, a significant difference between correctly interprets two-way tables subscale

scores of secondary and elementary school preservice mathematics teachers was not

found (U= 3263; p > 0.05). When mean rank is considered, scores of secondary

school preservice mathematics teachers are higher than elementary school preservice

mathematics teachers but this difference is not sufficient for statistically significant

difference.

5.1.8. Understands importance of large samples

Table 5.15. Descriptive Statistics for Understands importance of large samples.

Secondary Level | Elementary Level
N 91 82
z .861 833
SD 352 .356
6b 63.7% 63.4%
Te 41.8% 41.5%
7f 83.5% 73.2%
12b 69.2% 72%
Sig. Value of Normality Test .00 .00

This subscale consists answers to the 6!, 12! and alternatives e and f of 7%

questions. Scores of this subscale is calculated over 1.33. According to data analysis,
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scores changed between 0 and 1.33. So there were participants who could not answer

correctly any of the questions and who could answer correctly all of the questions.
As Table 5.15 is examined, descriptive statistics for secondary school preservice

mathematics teachers (N=91) were found as £=.861 and SD=.352. For elementary

school preservice mathematics teachers (N=82), £=.833 and SD=.356 were found.

Table 5.16. Mann-Whitney U Test for Understands importance of large samples.

Groups N | Mean Rank | Sum of Ranks U Z 9]
Elementary Level | 82 85.05 6974.50 3571.5 | -.505 | .614
Secondary Level | 91 88.75 8076.50

Results of Mann-Whitney U test is given in Table 5.16. When the results are
examined, a significant difference between understands importance of large samples
subscale scores of secondary and elementary school preservice mathematics teachers
was not found (U=3571; p > 0.05). When mean rank is considered, scores of secondary
school preservice mathematics teachers are higher than elementary school preservice
mathematics teachers but this difference is not sufficient for statistically significant

difference.

5.2. Misconceptions

In this section descriptive statistics of each misconception subscales are presented
for both groups separately. These sub-scales were given in Section 4.3 previously as
Table 4.2 (See Instrument Section). Then results of the groups are compared. Statistics

of both of these analysis are given as tables for each subscale.

In order to examine whether there exists a difference between misconception
subscales’ scores of secondary school preservice mathematics teachers (N=91) and el-

ementary school preservice mathematics teachers (N=82) firstly Kolmogorov-Smirnov
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normality test was administered for each subscale except the Groups can only be com-
pared if they are the same size subscale. Significant value of normality test of each
subscale was found .00 for both groups. Thus normal distribution assumption was
failed for each subscale scores of both groups. Therefore results of the groups were
compared with Mann-Whitney U Test. Statistics of both of these analysis are given as

tables under each subscale subsection.

5.2.1. Misconceptions involving averages

Table 5.17. Percentages for Misconceptions involving averages.

Secondary Level | Elementary Level
la 30.8% 35.4%
1c 30.8% 20.7%
4a 19.8% 18.3%
4b 30.8% 40.2%
15b 6.6% 7.3%
15f 63.7% 54.9%
17a 6.6% 6.1%
17e 7.7% 7.3%

This subscale consists answers to alternatives a and c of 1%, alternatives a and b
of 4" alternatives b and f of 15" and alternatives a and e of 17" questions. Scores of this
subscale is calculated over 2. According to data analysis, scores changed between 0 and
2. So there were participants who did not have any misconceptions involving averages

and who had all of the misconceptions.

When Table 5.18 is examined, descriptive statistics for secondary school preser-
vice mathematics teachers (N=91) were found as 7=.480 and SD=.224. For elementary

school preservice mathematics teachers (N=82), 2=.475 and SD=.256 were found.
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Secondary Level | Elementary Level
N 91 82
z 480 AT75
SD 224 .256
Sig. Value of Normality Test .00 .00

Table 5.19. Mann-Whitney U Test for Misconceptions involving averages.

Groups N | Mean Rank | Sum of Ranks | U Z P
Elementary Level | 82 87.32 7160 3705 | -.083 | .934
Secondary Level | 91 86.71 7891

Results of Mann-Whitney U test is given in Table 5.19. When the results are
examined, a significant difference between misconceptions involving averages subscale
scores of secondary and elementary school preservice mathematics teachers was not
found (U=3705; p > 0.05). When mean rank is considered, scores of elementary
school preservice mathematics teachers are higher than secondary school preservice
mathematics teachers but this difference is not sufficient for statistically significant

difference.

5.2.2. Outcome orientation misconception

This subscale consists answers to alternative e of 2", alternative a and b of 3",

1t" alternative ¢ of 12", and alternative b of 13" questions.

alternative a, b and d of 1
Scores of this subscale is calculated over 1.60. According to data analysis, scores
changed between 0 and .60. So there were participants who did not have outcome

orientation misconception and there was no one who selected all of these alternatives.
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Table 5.20. Percentages for Outcome orientation misconception.

Secondary Level | Elementary Level
2e 2.2% 1.2%
3a 34.1% 35.4%
3b 0% 7.3%
11a 0% 1.2%
11b 0% 1.2%
11d 0% 2.4%
12c 11% 6.1%
13b 45.1% 37.8%

When Table 5.21 is examined, descriptive statistics for secondary school preser-
vice mathematics teachers (N=91) were found as 7=.185 and SD=.164. For elementary

school preservice mathematics teachers (N=82), z=.185 and SD=.156 were found.

Table 5.21. Descriptive Statistics for Outcome orientation misconception.

Secondary Level | Elementary Level
N 91 82
z 185 185
SD 164 156
Sig. Value of Normality Test .00 .00

Results of Mann-Whitney U test is given in Table 5.22. When the results are
examined, a significant difference between outcome orientation misconception subscale
scores of secondary and elementary school preservice mathematics teachers was not
found (U=3711.5; p > 0.05). When mean rank is considered, scores of elementary
school preservice mathematics teachers are higher than secondary school preservice

mathematics teachers but this difference is not statistically significant.
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Table 5.22. Mann-Whitney U Test for Outcome orientation misconception.

Groups N | Mean Rank | Sum of Ranks U Z 9]
Elementary Level | 82 87.24 7153.50 3711.5 | -.063 | .950
Secondary Level | 91 86.79 7897.50

5.2.3. Good samples have to represent a high percentage of the population

This subscale consists answers to alternatives b and ¢ of 7" and alternative a
and d of 16" questions. Scores of this subscale is calculated over 2. According to data
analysis, scores changed between 0 and 2. So there were participants who had the

misconception strongly and who did not have at all.

Table 5.23. Descriptive Statistics for Good samples have to represent a high

percentage of the population.

Secondary Level | Elementary Level
N 91 82
z .H88 A70
SD 520 523
7b 30.8% 25.6%
Tc 44% 36.6%
16a 18.7% 15.9%
16d 24.2% 15.9%
Sig. Value of Normality Test .00 .00

When Table 5.23 is examined, descriptive statistics for secondary school preser-
vice mathematics teachers (N=91) were found as z=.588 and SD=.520. For elementary

school preservice mathematics teachers (N=82), £=.470 and SD=.523 were found.
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percentage of the population.
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Groups N | Mean Rank | Sum of Ranks U Z P
Elementary Level | 82 80.27 6582.50 3179.5 | -1.763 | .078
Secondary Level | 91 93.06 8468.50

Results of Mann-Whitney U test is given in Table 5.24. When the results are

examined, a significant difference between good samples have to represent a high per-

centage of the population subscale scores of secondary and elementary school preservice

mathematics teachers was not found (U=3179.5; p > 0.05). When mean rank is con-

sidered, scores of secondary school preservice mathematics teachers are higher than

elementary school preservice mathematics teachers but this difference is not statisti-

cally significant.

5.2.4. Law of small numbers

Table 5.25. Descriptive Statistics for Law of small numbers.

Secondary Level | Elementary Level
N 91 82
z 335 402
SD .342 309
12a 16.5% 19.5%
14c 50.5% 61%
Sig. Value of Normality Test .00 .00

This subscale consists answers to alternatives a of 12" and alternative ¢ of 14"

questions. Scores of this subscale is calculated over 1. According to data analysis,

scores changed between 0 and 1. So there were participants who had the misconception



99

strongly and who did not have at all.
When Table 5.25 is examined, descriptive statistics for secondary school preser-

vice mathematics teachers (N=91) were found as £=.335 and SD=.342. For elementary

school preservice mathematics teachers (N=82), £=.402 and SD=.309 were found.

Table 5.26. Mann-Whitney U Test for Law of small numbers.

Groups N | Mean Rank | Sum of Ranks | U Z P
Elementary Level | 82 92.55 7589 3276 | -1.531 | .126
Secondary Level | 91 82 7462

Results of Mann-Whitney U test is given in Table 5.26. When the results are
examined, a significant difference between law of small numbers subscale scores of sec-
ondary and elementary school preservice mathematics teachers was not found (U=3276;
p > 0.05). When mean rank is considered, scores of elementary school preservice math-
ematics teachers are higher than secondary school preservice mathematics teachers but

this difference is not statistically significant.

5.2.5. Representativeness misconception

This subscale consists answers to alternatives a, b and d of 9", alternative e

1t questions. Scores of this subscale is calculated over

of 10, and alternative ¢ of 1
1.67. According to data analysis, scores changed between 0 and .67. So there were
participants who did not have the misconception and who did not select all of the

alternatives written above.

When Table 5.27 is examined, descriptive statistics for secondary school preser-
vice mathematics teachers (N=91) were found as 7=.044 and SD=.142. For elementary

school preservice mathematics teachers (N==82), 2= .053 and SD=.143 were found.
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Table 5.27. Descriptive Statistics for Representativeness misconception.

Secondary Level | Elementary Level

N 91 82

z .044 .053

SD 142 143

9a 1.1% 1.2%

9b 1.1% 1.2%

9d 2.2% 3.7%
10e 2.2% 3.7%
11c 6.6% 6.1%

Sig. Value of Normality Test .00 .00

Table 5.28. Mann-Whitney U Test for Representativeness misconception.

Groups N | Mean Rank | Sum of Ranks | U Z P
Elementary Level | 82 88.51 7258 3607 | -.680 | .497
Secondary Level | 91 85.64 7793

Results of Mann-Whitney U test is given in Table 5.28. When the results are
examined, a significant difference between representativeness misconception subscale
scores of secondary and elementary school preservice mathematics teachers was not
found (U=3607; p > 0.05). When mean rank is considered, scores of elementary
school preservice mathematics teachers are higher than secondary school preservice

mathematics teachers but this difference is not statistically significant.



61

5.2.6. Correlation implies causation

This subscale consists answers to alternatives b and e of 16" questions. Scores of
this subscale is calculated over 2. According to data analysis, scores changed between

0 and 2. So there were participants who had the misconception strongly and who did

not have at all.

Table 5.29. Descriptive Statistics for Correlation implies causation.

Secondary Level | Elementary Level
N 91 82
z 780 927
SD 772 813
16b 35.2% 46.3%
16e 42.9% 46.3%
Sig. Value of Normality Test .00 .00

When Table 5.29 is examined, descriptive statistics for secondary school preser-
vice mathematics teachers (N=91) were found as z=.780 and SD=.772. For elementary

school preservice mathematics teachers (N=82), £=.927 and SD=.813 were found.

Table 5.30. Mann-Whitney U Test for Correlation implies causation.

Groups N | Mean Rank | Sum of Ranks | U Z P
Elementary Level | 82 91.44 7498 3367 | -1.181 | .237
Secondary Level | 91 83.00 7553

Results of Mann-Whitney U test is given in Table 5.30. When the results are ex-
amined, a significant difference between correlation implies causation subscale scores

of secondary and elementary school preservice mathematics teachers was not found
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(U=3711.5; p > 0.05). When mean rank is considered, scores of elementary school pre-
service mathematics teachers are higher than secondary school preservice mathematics
teachers but this difference is not statistically significant.

5.2.7. Equiprobability bias

Table 5.31. Descriptive Statistics for Equiprobability bias.

Secondary Level | Elementary Level
N 91 82
z .668 637
SD .289 312
13c 29.7% 23.2%
18a 75.8% 70.7%
19d 84.6% 81.7%
20d 76.9% 79.3%
Sig. Value of Normality Test .00 .00

This subscale consists answers to alternative c of 13", alternative a of 18", alter-
native d of 19" and alternative d of 20" questions. Scores of this subscale is calculated
over 1. According to data analysis, scores changed between 0 and 1. So there were
participants who had the misconception strongly and who did not have at all. Also
when Table C.1 and Table C.2 is examined, it is seen that these alternatives signaling
equiprobability bias are the most common answer of 18", 19" and 20" questions for

both groups with a percentage of 70 and over.

When Table 5.31 is examined, descriptive statistics for secondary school preser-
vice mathematics teachers (N=91) were found as z=.668 and SD=.289. For elementary

school preservice mathematics teachers (N=82), £=.637 and SD=.312 were found.

Results of Mann-Whitney U test is given in Table 5.32. When the results are
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Table 5.32. Mann-Whitney U Test for Equiprobability bias.

Groups N | Mean Rank | Sum of Ranks | U Z P
Elementary Level | 82 84.85 6958 3555 | -.585 | .558
Secondary Level | 91 88.93 8093

examined, a significant difference between equiprobability bias subscale scores of sec-
ondary and elementary school preservice mathematics teachers was not found (U=3555;
p > 0.05). When mean rank is considered, scores of secondary school preservice math-
ematics teachers are higher than elementary school preservice mathematics teachers

but this difference is not statistically significant.

5.2.8. Groups can only be compared if they are the same size

Table 5.33. Descriptive Statistics for Groups can only be compared if they are the

same size.

Secondary Level | Elementary Level
N 91 82
z 330 329
SD A73 AT3
6a 33% 33%

This subscale consists answers to alternative a of 6 question. Scores of this
subscale is calculated over 1. According to data analysis, scores changed between 0

and 1. So there were participants who had the misconception and who did not have at

all.

When Table 5.33 is examined, descriptive statistics for secondary school preser-

vice mathematics teachers (N=91) were found as £=.330 and SD=.473. For elementary



64

school preservice mathematics teachers (N=82), £=.329 and SD=.473 were found. Also

when Table C.1 and Table C.2 is examined, it is seen that correct answer is the most

common answer of 6 question for both groups with a percentage of around 63.

Table 5.34. Chi-square Test for Groups can only be compared if they are the same

size.
6
True | False | Total | X2 | df | p
Elementary School | 27 55 82 .00 1 |.996
Secondary School | 30 61 91
Total 57 116 | 173

Normality test was not administered since this subscale includes only one question

with dichotomous type of data. Therefore Chi-Square test was administered in order to

examine whether there exists a difference between Groups can only be compared if they

are the same size subscale scores of secondary school preservice mathematics teachers

(N=91) and elementary school preservice mathematics teachers (N=82). Results of

Chi-Square test is given in Table 5.34. When the results are examined, a significant

difference between Groups can only be compared if they are the same size subscale

scores of secondary and elementary school preservice mathematics teachers was not

found (X2=.00; p > 0.05).

5.3. Total Scores

In this section descriptive statistics of total correct reasoning skills and miscon-

ceptions are given for both groups separately. Then results of the groups are compared.

Statistics of both of these analysis are given as tables.
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Scores of each subscale generating correct reasoning skills score are added in order
to obtain Correct Reasoning Skills Score as it is explained in Section 4.5. Scores of
this scale is calculated over 10 that is if someone have all of these correct reasoning,
then s/he can get at most 10 points for total Correct Reasoning Skills score. Results
showed that, scores changed between 2.03 and 8.07 for secondary level. For elementary

level scores changed between 1.87 and 8.37. So there was not anyone who answered all

of the questions correctly and also incorrectly.

Table 5.35. Descriptive Statistics for Correct Reasoning Skills Score.

Secondary Level | Elementary Level
N 91 82
z 5.437 5.011
SD 1.507 1.609
Min 2.03 1.87
Max 8.07 8.37
Sig. Value of Normality Test 012 .200

When Table 5.35 is examined, descriptive statistics for secondary school preser-
vice mathematics teachers (N=91) were found as 7=5.437 and SD=1.507. For ele-

mentary school preservice mathematics teachers (N=82), z=5.011 and SD=1.609 were

found.

Table 5.36. Mann-Whitney U Test for Correct Reasoning Skills Score.

Groups N | Mean Rank | Sum of Ranks | U Z p
Elementary Level | 82 6533 3130 | -1.827 | .068
Secondary Level | 91 8518
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In order to examine whether there exists a difference between Correct Reasoning
Skills scale scores of secondary school preservice mathematics teachers (N=91) and el-
ementary school preservice mathematics teachers (N=82), firstly Kolmogorov-Smirnov
normality test was administered. As Table 5.35 shows that significant value of nor-
mality test is .012 and .200 for secondary and elementary level groups respectively. So
normal distribution assumption was failed for secondary school preservice mathemat-
ics teachers. Therefore Mann-Whitney U Test was administered. Results of Mann-
Whitney U test are given in Table 5.36. When the results are examined, a significant
difference between Correct Reasoning Skills scale scores of secondary and elementary
school preservice mathematics teachers was not found (U=3711.5; p > 0.05). When
mean rank is considered, scores of secondary school preservice mathematics teachers
are higher than elementary school preservice mathematics teachers but this difference

is not statistically significant.

5.3.2. Misconceptions Scores

Table 5.37. Descriptive Statistics for Misconceptions Score.

Secondary Level | Elementary Level
N 91 82
z 3.410 3.479
SD 1.148 1.277
Min 45 1.00
Max 6.67 6.70
Sig. Value of Normality Test .200 .043

Scores of each subscales generating Misconceptions score are added in order to
obtain Misconceptions Score as it is explained in Section 4.5. Scores of this scale are
calculated over 12.27 that is if someone have all of these misconceptions, then s/he can
get at most 12.27 points for total misconceptions score. According to results, scores

changed between .45 and 6.67 for secondary level. For elementary level scores changed
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between 1.00 and 6.70. So there was not anyone who had all of the misconceptions and

who did not have any of them.

When Table 5.37 is examined, descriptive statistics for secondary school preser-
vice mathematics teachers (N=91) were found as £=3.410 and SD=1.148. For ele-

mentary school preservice mathematics teachers (N=82), £=3.479 and SD=1.277 were

found.
Table 5.38. Mann-Whitney U Test for Misconceptions Score.
Groups N | Mean Rank | Sum of Ranks | U Z P
Elementary Level | 82 87.57 7181 3684 | .143 | .886
Secondary Level | 91 86.48 7870

In order to examine whether there exists a difference between Misconceptions
scale scores of secondary school preservice mathematics teachers (N=91) and elemen-
tary school preservice mathematics teachers (N==82), firstly Kolmogorov-Smirnov nor-
mality test was administered. As Table 5.37 shows that significant value of normality
test is .200 and .043 for secondary and elementary level groups respectively. So normal
distribution assumption was failed for elementary school preservice mathematics teach-
ers. Therefore Mann-Whitney U Test was administered. Results of Mann-Whitney U
test is given in Table 5.38. When the results are examined, a significant difference
between Misconceptions scale scores of secondary and elementary school preservice
mathematics teachers was not found (U=3684.5; p > 0.05). When mean rank is con-
sidered, scores of elementary school preservice mathematics teachers are higher than
secondary school preservice mathematics teachers but this difference is not statistically

significant.
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6. CONCLUSION AND DISCUSSION

This chapter includes four sections. First results are discussed considering the
research questions. Secondly limitations of the study is presented. Lastly, implications

for teaching and further research regarding conclusions and limitations are discussed.

Research questions of the study as follows:

(i) What are the statistical reasoning types of elementary school preservice mathe-
matics teachers?

(ii) What are the statistical reasoning types of secondary school preservice mathe-
matics teachers?

(iii) Is there any difference between statistical reasoning types of preservice secondary

school mathematics teachers and elementary school mathematics teachers?

Conclusions regarding first and second research questions that is correct and in-
correct reasoning types of elementary and secondary school preservice teachers are
discussed under each subscale according to results and previous researches. After these
correct and incorrect reasoning types are discussed separately, whether is there a dif-
ference between statistical reasoning types of preservice secondary school mathematics
teachers and elementary school mathematics teachers or not are discussed based on the
results and previous researches. Lastly, correct reasoning skills and misconceptions are

discussed as a whole.
6.1. Correct Reasoning Skills
In this section conclusions for each correct reasoning skills subscales were pre-

sented. These sub-scales were given in Section 4.3 previously as Table 4.1 (See Instru-

ment Section).
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6.1.1. Correctly interprets probabilities

Answers to the 2”@ and 3" questions constitue this subscale scores. If each
participant had answered these questions correctly, the mean would have been 1. Re-
sults show that both elementary (z=.747) and secondary (z=.683) school preservice
mathematics teachers got relatively high score in correctly interpreting probabilities.
Although 2"¢ questions answered correctly by over 90% of both groups, participants
were not successful in 3" question as they were in 2" question. Therefore the differ-
ence of the group means and 1 might be resulted from 3¢ question which assess also
outcome orientation. It is discussed in detail under Qutcome orientation misconception
subscale in Section 6.2 part. Interpretation requires them making sense of a message,
which includes a quantitative statement, in order to use as a cretarion for an opinion
or judgment (Gal, 2005). For instance, in our case they were expected to interpret
15% chance of getting rash in the 2”@ question. They are expected to understand prob-
abilistic statement of 15% as there is a set of 100 people using a medication and 15
of them get rash. Accordingto results, it seems that both elementary and secondary
school preservice mathematics teachers could understand the probabilistic statement

correctly.

6.1.2. Understands how to select an appropriate average

Answers to the 1%, 4*" and 17*" questions constitue this subscale scores. If each
participant had answered these questions correctly, the mean would have been 1. How-
ever means were .447 for elementary and .454 for secondary school preservice mathe-
matics teachers. So, data show that, there is lack of understanding among both elemen-
tary and secondary school preservice teachers regarding how to select an appropriate
average. When the frequencies of the alternatives of these questions were examined,
the percentage of correct answers given to 1% and 4" questions is low. However most of
the elementary (63.4%) and secondary (59.3%) school preservice mathematics teachers

could answer 17" question correctly. In 1 and 4" questions, participants were asked
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to find appropriate average of a given data set but in 17" question mean of the data
set was given to participants and they were asked to interpret it. Determinig how
to find an average of a data set rather than interpreting average of a data set might
be more difficult for both elementary and secondary school preservice mathematics
teachers. Similarly, Groth and Bergner (2006) found that preservice elementary school
mathematics teachers had difficulties in determining appropriate measures of center
according to given data. Therefore, taking all of these into consideration, preservice
teachers’ understanding how to select an appropriate average should be regarded cau-

tiously.

6.1.3. Correctly computes probability

Answers to the 8, 13th®", 18" 19" and 20" questions constitue this subscale
scores. If each participant had answered these questions correctly, the mean would
have been 1. However, data showed that, both elementary (z=.337) and secondary
(z=.314) school preservice teachers’ reasoning in computing probability was very low.
In particular, although the 8" question was answered correctly by 93.9% of elementary
and 95.6% of secondary school preservice mathematics teachers, for the other questions
assessing combinatorial reasoning, very few of the participants (less than 15%) in both
groups provided correct answers. High scores in the 8" question might be related with
the context of the question. The context involved drawing out marbles from two boxes.
This context is very similar to the probability context used in probabilty questions in
Turkish mathematics books. On the other hand, questions assessing combinatorial
reasoning required participants to distinguish between for instance the sample space
of rolling two 5s and one 5 and one 6. Corresponding with earlier research results
(Batanero, Godino, & Canizares, 2005), both elementary and secondary prospective
teachers failed to reason correctly in these problems. Therefore, their relatively low
scores in combinatorial reasoning questions took their subscale mean scores to .337
and .314 for elementary and secondary level respectively. Although ressults also showed

that there was not statistically significant difference between secondary and elementary
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school preservice teachers’ scores of this subscale, the results regarding each question
alerts for the need in terms of combinatorial reasoning to be taken into consideration.
That is, results indicate that both elementary and secondary prospective teachers have
difficulty in reasoning on problems regarding combinatorial reasoning and this sugests
that their education might include their preparation for combinatorial reasoning prior

to their teaching.

6.1.4. Understands independence

Answers to the 9", 11th?", and alternative c, d, f of 10"* questions constitue this
subscale scores. If each participant had answered these questions correctly, the mean
would have been 1.67. Still, results show that both elementary (z=1.150) and secondary
(z=1.187) school preservice mathematics teachers got high scores in understanding
independence. This subscale assesses that for instance in an event of flipping a fair coin
many times, outcome of a trial is independent from each other and do not affect the next
one (Walle, Karp, & Bay-Williams, 2007). It seems that both elementary and secondary
school preservice matematics teachers are quite successful in understanding this notion.
As Table C.1 and Table C.2 show, the most common alternatives chosen by both
elementary and secondary school preservice teachers for these questions are correct.
As a matter of fact, the percentage of these most common answers are higher than
60% except alternative d of 10" question. Alternative d of 10" question was answered
correctly by 35.4% of elementary and 31.9 of secondary school preservice teachers.
Since the other questions answered correctly are at high percentages, the mean sores
are not affected much by this low percentage of alternative d of 10** question. Besides,
data shows that there was not statistically significant difference was not found between

scores of secondary and elementary school preservice mathematics teachers.
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6.1.5. Understands sampling variability

Answers to the 14" and 15" questions constitues this subscale scores. If each par-
ticipant had answered these questions correctly, the mean would have been 1. However
their mean were found as .122 and .148 for elementary and secondary school preservice
teachers respectively. So data shows that both elementary and secondary school pre-
service mathematics teachers’ understanding of sampling variability is very low. When
Table 5.9 is examined, precentages of both elementary and secondary school preser-
vice teachers who chose correct answer are very low. Furthermore the most common
alternatives chosen by them signal misconceptions (see Table C.1 and Table C.2). The
misconception in 14" question is law of small numbers. This was discussed in detail
under law of small numbers subscale in Section 6.2 part. In 15" question, data also
shows that they did not take into account variation and compare the groups based
on average. This result is parallel with findings of Leavy (2006) such that preser-
vice mathematics teachers focus too much on average and do not consider variation
in their comparisons. Furthermore, preservice teachers might tend to compare data
sets through shape of the distributions (Makar & Confrey, 2005). In 15" question the
most common answer indicates that both elemantary and secondary school preservice
teachers might have compared the data sets according to shape of the distribution.
Therefore preservice teachers’ reasoning in comparing data sets needs to be improved

so that their understanding in sampling variability could be developed.

6.1.6. Distinguishes between correlation and causation

Answers to the 16" question constitues this subscale scores. If each participant
had answered the question correctly, the mean would have been 1. However group
means were found as .232 and .319 for elementary and secondary school preservice
teachers respectively. When Table C.1 and Table C.2 is examined, 23.2% of elementary
and 31.9% of secondary school preservice teachers chose correct answer. According to

data, the number of both elementary and secondary school preservice mathematics
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teachers distinguishing between correlation and causation is low. So most of them
could not discriminate between variables relating to each other and variables causing
each other. In the context of the question few of them could realized that even though
there exists a relationship between variables, it does not mean that these variables
cause each other. Furthermore in both groups the most common answer chosen by

participants signaling correlation implies causation misconception.

6.1.7. Correctly interprets two-way tables

Answer to the 5" question constitues this subscale scores. 5 question has two
parts. First part assesses to be able to read the two-way table and second part as-
sess interpreting the two-way table. Therefore if each participant had answered this
question correctly, the mean would have been 2. Data shows that both elementary
(z=1.207) and secondary (Z= 1.406) school preservice teachers are quite successful in
interpreting two way tables. Both of the groups most commonly chose the correct
answer. Although percentage of secondary school preservice teachers (71.4%) who an-
swered correctly is higher than elementary school preservice teachers (51.2%), there is
not statistically significant difference between their scores of this subscale. However
these results are inconsistent with Estrada’s findings (2006). In the study of Estrada
(2006), it was found that preservice teachers have difficulties in understanding two-way

tables.

6.1.8. Understands importance of large samples

Answers to the 6!, 12th**, and alternative e and f of 7** questions constitues this
subscale scores. If each participant had answered these questions correctly, the mean
would have been 1,33. Results show that both elementary (z=.833) and secondary
(z=.861) school preservice teachers are quite successful in understanding importance
of large samples. Sample size should be large enough to guarantee the representative-

ness of the population since representativeness is important to make unbiased inferences
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about the population (Watson & Moritz, 2000). In particular percentage of correct an-
swers to these questions are quite high. For instance, precentage of both elementary
(63.4%) and secondary (63.7%) school preservice mathematics teachers answered cor-
rectly to 6" question. Correct answer to 6" question implies that both elementary and
secondary school preservice mathematics teachers are able to focus sample size while
making inferences. Also answers to 12" question shows that quite high percentage of
elementary (72%) and secondary (69.2%) school preservice mathematics teachers can
make their decisions according to scientific results rather than anecdotal events. So
both elementary and secondary school preservice mathematics teachers are aware of

data beats anecdotes (Garfield & Ben-Zvi, 2008).

Furthermore data shows that they are aware of the critical notions to generalize
the results to the population to some extent. They are more successful in consid-
ering representativeness but not in randomness. Randomness and representativeness
have to be considered in order to generalize the results to the population (Watson &
Moritz, 2000). Related to representativeness, selecting alternative f of 7" question
requires them to take into account representativeness. Percentage of both elementary
(73.2%) and secondary (83.5%) school preservice teachers considering representative-
ness in generalizing results to the population are quite high. However this contradicts
with the findings of Groth and Bergner (2005). This contradiction might result from
the research context. In the study of Groth and Bergner (2005), elementary school
preservice mathematics teachers were asked to write metaphors. They might have
had difficulties in writing metaphor. In case of randomness, alternative e of 7" ques-
tion assess considering randomness in constructing sample. However the percentage of
both elementary (41.5%) and secondary (41.8%) school preservice teachers who select
alternative e of 7 question are quite low. Moreover, when the alternatives of 6" ques-
tion examined, alternative ¢ was chosen by quite number of elementary (47.6%) and
secondary (57.1%) school preservice mathematics teachers. This alternative written

below, state that sampling should have done nonrandomly:

The patients should not have been randomly put into groups, because the
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most severe cases may have just by chance ended up in one of the groups.

So they think that sampling should be based on human judgment which is contrary
to generalization of results (Moore, 1990; Watson & Moritz, 2000). So, the number
of both elementary and secondary school preservice teachers who overlooked the no-
tion of randomness in sampling cannot be unnoticed. Therefore both elementary and
secondary school mathematics teacher education might need to focus on the notion of

randomness more.

To sum up, correct reasoning skills of elementary and secondary school preservice
teachers are tried to be described. They are successful in interpreting probability, un-
derstanding independence, interpreting two-way tables and understanding importance
of large samples. However there lack of understanding in selecting appropriate average,
correctly computing probability, sampling variability, distinguishing between correla-

tion and causation. Therefore these reasoning skills should be regarded cautiously.

6.2. Misconceptions

In this section conclusions for each misconception subscales are presented. These

subscales were given in Section 4.3 previously as Table 4.2 (See Instrument Section).

6.2.1. Misconceptions involving averages

This subscale consists answers of alternatives a and ¢ of 1%, alternatives a and
b of 4", alternatives b and f of 15" and alternatives a and e of 17" questions. If
each participant had selected these alternatives, the mean would have been 1. Data
shows that there exists both elementary (z=.475) and secondary (Z=.480) school pre-
service mathematics teachers who have misconceptions involving averages. Athough
the mean scores are not so high, it cannot be overlooked. For instance the percentages

of both elementary and secondary school preservice mathematics teachers who chose
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misconceptions in 1°¢ and 4" questions are quite higher than the percentages of correct
answers given to 1% and 4" question. So there are preservice teachers who fail to recog-
nize outlier and who think averages are the most common number. Moreover these two
questions especially important since they assess how to find appropriate average and
they are not so successful in finding appropriate average. Also results are consistent
with the results of understands how to select an appropriate average presented above.
They do not have complete understanding of selecting appropriate average. Still they
have misconceptions about averages even though averages concept is the most familiar
topic for preservice mathematics teachers (Heaton & Mickelson, 2002; Leavy, 2006;
Canada, 2008). Furthermore, as findings of Groth and Bergner (2006) are considered,
their misconceptions might have resulted from lack of conceptual understanding of av-
erages. Therefore, both elementary and secondary preservice mathematics teachers’

misconceptions involving averages should be regarded cautiously.

6.2.2. Outcome orientation misconception

Answers to the 27, 3 11" 12%" and 13" questions constitue this subscale
scores. If each participant had selected these alternatives, the mean would have been
1.60. Results shows that both elementary (z=.185) and secondary (Z=.185) school
preservice mathematics teachers do not have outcome orientation misconception. When
Table 5.20 examined, percentages of these alternatives chosen by both elementary and
secondary school preservice teachers is very low. However, alternatives of the 3" and
13" questions which signal outcome orientation are relatively high compared to the
other questions. For instance in 13" question the percentages for both elementary
and secondary preservice mathematics teachers is around 40%, in 11" question it
is around 1%. Also findings of Batanero et al. (2005) are inconsistent with these
results. Therefore outcome orientation might be better to examine deeply among both
elementary and secondary preservice mathematics teachers especially because of the

difference in percentages of questions.
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6.2.3. Good samples have to represent a high percentage of the population

Answers to the alternatives b and ¢ of 7" and alternative a and d of 16"* questions
constitue this subscale scores. If each participant selected these alternatives, the mean
would be 2. According to data, both elementary (z=.470) and secondary (z=.588)
school preservice mathematics teachers do not have misconception of good samples have
to represent a high percentage of the population. This misconception As Table 5.23
examined, percentages of these alternatives chosen by both elementary and secondary
school preservice teachers is low. Still, the percentage of both elementary (36.6%) and

secondary (44%) school preservice mathematics teachers who think that

The sample of 2,050 teenagers is too small to permit drawing conclusions
about the entire country.

cannot be overlooked although they are aware of representativeness as it is discussed in
understanding importance of large samples. Therefore both elementary and secondary
school preservice teachers’ conceptions about good samples have to represent a high

percentage of the population might need to be investigated deeply.

6.2.4. Law of small numbers

Answers to the 12th*" and 14" questions as alternative a and c respectively con-
stitue this subscale scores. If each participant had selected these alternatives, the mean
would have been 1. According to data it seems that both elementary (z=.402) and
secondary (Z=.335) school preservice mathematics teachers do not have misconception
of law of small numbers. Consistently, the percentage of both elementary and sec-
ondary school preservice mathematics teachers who select the alternative a of 12th*"
question is very low. However the situation is not the same for alternative c¢ of 14th”
question. On the contrary, percentages are quite high. 61% of elementary and 50.5%

of secondary school teachers chose the alternative c. 14" question can be seen below,

Half of all newborns are girls and half are boys. Hospital A records an average
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of 50 births a day. Hospital B records an average of 10 births a day. On a
particular day, which hospital is more likely to record 80% or more female births?
a. Hospital A (with 50 births a day)
b. Hospital B (with 10 births a day)
c. The two hospitals are equally likely to record such an event.

In the 14" question sample of Hospital A is bigger than the Hospital B. According to
Law of Large Numbers, as sample size gets bigger, results get close to the population
statistics but results deviates more in small samples (Well, Pollatsek, & Boyce, 1990).
Therefore the proportion of girls varies in the smaller hospital than the bigger one.
So the two hospitals are not equally likely to record such an event. However selecting
alternative ¢ shows that sample size is not a matter of fact for both elementary and
secondary school preservice teachers. These results are consistent with the findings of
Jendraszek (2010). Both elementary and secondary school preservice teachers are not
much aware of the effect of sample size. Also both elementary and secondary school
preservice mathematics teachers’ understanding of sampling variability are discussed
above. Consistently, their reasoning about sampling variability is very low. So it is

meaningful that they could not realize effect of sample size in 14th*" question.

6.2.5. Representativeness misconception

Answers of alternatives a, b and d of 9", alternative e of 10", and alternative
c of 11*" questions constitues this subscale scores. If each participant had selected all
of these alternatives, the mean would be 1.67. Results shows that both elementary
(z=.053) and secondary (Z=.044) school preservice mathematics teachers do not have
representativeness misconception. Also percentages of these alternatives chosen by
both elementary and secondary school preservice teachers is very low (see Table 5.27).
People who have this misconception fail to understand independence. For instance they
tend to see HTHTHT is less likely than THTTTH since there is a pattern in outcome
of HTHTHT. However each of these Hs or Ts are independent from each other and
thus the probability of these outcomes are equal. In our case, both elementary and sec-

ondary school preservice mathematics teachers’ understanding of independence is high
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as it is discussed in Understands independence section. Although these results shows
that both elementary and secondary school preservice mathematics teachers do not
have representativeness misconception, this might stem from their familiarity to these
questions because of the university entrance exam on Turkey. While students study
for this high stake exam, they have to solve similar kind of questions. So preservice
teachers might be familiar with these questions. Therefore it might be better to exam-
ine deeply representativeness misconception among preservice mathematics teachers so

that their reasoning behind their choices might be well understood.

6.2.6. Correlation implies causation

Answers to the alternatives b and e of 16" question constitues this subscale
scores. If each participant had selected these alternatives, the mean would have been
2. According to data, it seems that both elementary (z=.927) and secondary (z=.780)
school preservice mathematics teachers do not have misconception of correlation im-
plies causation strongly. However alternatives b and e are the most common answer
among elementary and secondary school preservice mathematics teachers. When the
frequencies of this subscale scores are examined, the percentage of elementary (36.6%)
and secondary (42.9%) school preservice mathematics teachers who did not chose any
of the two alternatives is not high. So these show that attributing a causal relationship
between variables quite common. However in the context of the question, research
was a kind of gathering information of students’ tv watching hours and report cards.
To be able to assign a causal relationship between variables, there should be experi-
ment results. It seems that preservice teachers are not aware of that. Also results of
Distinguishes between correlation and causation subscale support that they are not suc-
cessful in distinguishing between correlation and causation. Therefore both elementary
and secondary preservice mathematics teachers’ misconception of correlation implies

causation need more attention.
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6.2.7. Equiprobability bias

Answers to the alternative c of 13, alternative a of 18", alternative d of 19 and
alternative d of 20" questions constitues this subscale scores. If each participant had
selected these alternatives, the mean would have been 1. Both elementary (z=.668) and
secondary (z=.637) school preservice mathematics teachers get quite high scores for this
subscale. In discussion of Correctly computes probability above, it is discussed as they
are not successful in computing probability questions requiring combinatorial reasoning.
More than that, according results they have equiprobability bias as consistent with
findings of Batanero et al. (2005). It seems that they see events as equally likely
since they happens by chance (Lecoutre, 1992). For instance as a results of rolling
two dice at the same time, obtaining two 5s and obtaining one 5 and one 6 are seen
as equally likely. These events are seen as happening by chance so that probability of
both events are %. However one 5 and one 6 are combinations of two events which
are {56, 65}. All in all, when their high scores in Equiprobability bias subscale and low
scores in Correctly computes probability are considered in juxtaposition to each other,

both elementary and secondary school preservice teachers might need to take courses

focusing on equiprobability bias.

6.2.8. Groups can only be compared if they are the same size

Answers to the 6" question as alternative a constitue this subscale scores. If
each participant had selected this alternative, the mean would be 1. Data shows
that both elementary (z=.330) and secondary (Z=.329) school preservice mathematics
teachers do not have misconception of groups can only be compared if they are the
same size. While comparing groups measures of center and distribution should be
taken into consideration so that data can be seen as aggregate (Garfield, 2003). As
discussed earlier in Understands sampling variability section, both elementary and
secondary preservice mathematics teachers’ reasoning in sampling variability is very

low. Therefore their reasoning in comparison of data sets should be examined deeply
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and improved although they do not have misconception of groups can only be compared

if they are the same size.

To sum up, misconceptions of elementary and secondary school preservice math-
ematics teachers are tried to be described. Other than equiprobability bias, they do
not have these misconceptions strongly. Nevertheless, these misconceptions should
be regarded cautiously. For instance, there are particular questions which include
alternatives signaling some misconceptions such as law of small numbers assessed in
14" question. Also these misconceptions are consistent with correct reasoning skills.
Implications of these conclusions related to correct reasoning skills combined with mis-

conceptions are presented in Section 6.3 part.

Both elementary and secondary school preservice mathematics teachers had lack
of reasoning about statistical measures. Related to measures of center, it seems that
they were good at interpreting average but they have difficulties in selecting appro-
priate average. Their ability to interpret average might stem from their procedural
knowledge in finding mean with add-divide algorithm. Literature supported this fact
that they have procedural knowledge of add-divide algorithm commonly (Groth &
Bergner, 2006). Also their difficulties in selecting appropriate average might stem from
their lack of reasoning about data since use of average is determined according to type
of data (Gay et al., 2009). Furthermore when we look at the misconceptions they had,
it was appeared that they did not have misconceptios strongly related to measures of
center. Even though their misconceptions was not strong, they still could not select
appropriate average. Related to measures of spread, data showed that they did not
take into account variation. They failed to consider variation in comparing distribu-
tions of two data sets and compared the groups according to averages of the data sets.
Although they do not have the misconception that groups can only be compared if
they are the same size, they still lacked reasoning about measures of spread. There-
fore, their reasoning about data and then reasoning about statistical measures need to

be developed prior to their actual teaching.
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Data suggested that both elementary and secondary school preservice mathe-
matics teachers’ notions about sampling should be regarded cautiously, too. They had
reasoning about the importance of large samples that is sample should be big enough
to represent population (Watson & Moritz, 2000). Also they were aware of the fact
that good samples do not have to be a high percentage of the population in order to be
representative. What matters is the sampling method providing representative results
of the population (Gay et al., 2009). However, they might have applied the same rea-
soning of large samples to the small samples. Quite high number of them ignored the
effect of small samples on results that is results varies more in small samples (Well et
al., 1990). Besides they could not take into account variation in sampling. This might
be related to their lack of reasoning about measures of spread. Furthermore, they
lacked the notion of randomness which is critical in sampling. Randomness and repre-
sentativeness are important notions in sampling (Watson & Moritz, 2000). They have
reasoning related to representativeness but not in randomness. Therefore randomness
might need to be emphasized more in teacher education. Additionally, their lack of
reasoning in measures of spread seems to affect their reasoning about samples. Thus

measures of spread also need to be focused more in mathematics teacher education.

Both elementary and secondary school preservice mathematics teachers under-
stood independence. Consistently they do not have representativeness misconception.
However they could not compute probability required them to use combinatorial reason-
ing. Consistently, they had equiprobability bias since they did not have combinatorial
reasoning. On the other hand they could interpret probability although there were
some participants who have outcome orientation. According to Bulut (2001), prob-
ability is a difficult subject for Turkish preservice mathematics teachers. Therefore,

probability might need to be focused more.

Regarding third research question, If there is any difference between statistical
reasoning types of preservice secondary school mathematics teachers and elementary

school mathematics teachers; there is not any significant difference between scores of
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secondary and elementary school preservice teachers for any of the subscales. Accord-
ing to findings of Jendrazsek (2010) success of preservice mathematics teachers’ on
probability or statistics is related with taking courses during their entire education. In
our case, preservice teachers took statistics courses as either must or elective course
in their university years. Also it is the contention that the both groups might have
been educated under the same curricula since almost the same high school curriculum
is applied in all over the country. Therefore, consisted with findings of Jendrazsek
(2010), it becomes meaningfull that this research findings suported the fact that there
was not any statistical difference between secondary and elementary school preservice

teachers’ probability or statistics education.

6.3. Limitations and Implications for Further Research

Aim of this study was to assess statistical reasoning of preservice mathematics
teachers in Istanbul. Results obtained from this research yield some possible sugges-

tions for further research.

Among statistical measures, measures of central tendency are the most famil-
iar topic for preservice teachers (Heaton & Mickelson, 2002; Leavy, 2006; Canada,
2008). Nevertheless their performances are not high in selecting appropriate average
according to given data. They have difficulties in recognizing outliers while finding
mean and differentiating use of mean from mode. Related to measures of spread, their
preformance is much worse. They ignore the variation and compare groups based on
averages. Therefore, results suggest that prior to their actual teaching, they need to

gain conceptual understanding in statistical measures especially in variation.

It seems that they have difficulties in sampling concept. They are not aware of
the importance of randomness for unbiased inferences. Also they have the law of small
numbers misconception which cause them to ignore effect of sample size in results.
So research findings indicated that sampling concept, especially notion of randomness,

need to be improved on the preservice teachers’ part.
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According to earlier researches, probability is a difficult subject for Turkish pre-
service mathematics teachers (Bulut, 2001). Our study results also shows that their
preformance is very low in computing probability which is related to lack of combina-

torial reasoning. Consistently, they have equiprobability bias strongly.

As literature suggests, teachers’ knowledge affect students’ knowledge (Heaton
& Mickelson, 2002; Yolcu, 2012).Therefore, if preservice teachers have difficulties in
understanding these concepts such as statistical measures, sampling and combinatorial
reasoning or misconceptions such as law of small numbers and equiprobability bias,
students will have lack of understanding in these concepts or these misconceptions. So
preservice teachers’ correct reasoning of these concepts need to be improved. In order
to develop correct reasonings, mathematics education programs were recommended
to include teaching probability and statistics course (Bulut, 2001). However in our
study elementary school preservice teachers (90.2%) took a course to teach probabil-
ity and statistics. Secondary school preservice teachers (85.7%) took statistics course.
Nevertheless, as the results of this study showed, preservice teachers had limitations
in their reasoning on selecting appropriate average, correctly computing probability,
sampling variability, distinguishing between correlation and causation. Also they had
law of small numbers misconception and equiprobability bias. So, these misconcep-
tions or correct reasoning types of preservice teachers might be examined deeply and
by the same token, contents of statistics courses in teacher education programs might
be developed taking the the results of this study into consideration. Moreover previ-
ous research showed that the more courses preservice teachers take, the higher their
performance is in probability (Jendraszek, 2010). This resarch findings, showed that
preservice mathematics teachers still had limitations in their reasoning although most
of them participated in a statistics course. Therefore, the number of courses to teach
statistics might be increased in mathematics education programs so that their correct

reasoning skills develop.

Additionally, participants of this study are elementary and secondary school pre-
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service mathematics teachers studying in Istanbul. Also participants were not selected
randomly because of practical reasons. So our results cannot be generalized to other
preservice teachers. Therefore more studies with different participants especially from
other regions of Turkey, need to be conducted in order to have an idea about statistical

reasoning of Turkish preservice teachers.

Lastly, instrument was obtained from SRA which was not developed originally
for Turkish context. For instance there are correctly answered questions by more than
90% of the participants in both groups. These questions might be replaced with new
ones. For instance 8 question which involved the context of drawing out marbles
from two boxes. Also a new instrument might be developed regarding context of
Turkish education system especially university entrance exam. These questions might
be easy for them. That might result from university entrance exam because during the
preparation for this exam, similar questions and much more difficult questions have

been asked. Therefore, their familiarity might result in high scores in these questions.



APPENDIX A: Turkish Version of the Instrument

(i) Cinsiyet: K () E ()

(i) Yagi.....oooooiii

(iif) Boliim: Ilkégretim - Matematik Ogretmenligi ()
Ortadgretim - Matematik Ogretmenligi ( )

(iv) Istatistik dersi aldimz mi?
Hayir () Evet ()
Evetse hangi boliimden aldiniz?
Matematik Boliimiinden aldim. ()

Egitim Fakiiltesinden aldim. ()
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ISTATIKSEL AKIL YURUTME TESTi

Bu aragtirmanin amaci istatiksel bilgiyi gilinliik hayatta nasil kullandigimzi belirlemektir. Asagida
verilen sorular ¢esitli durumlar1 okumanizi ve bu durumlar hakkinda diisiinmenizi gerektirmektedir.
Eger ne yapmaniz istendiginden emin degilseniz, liitfen yardim almak i¢in elinizi kaldiriniz.

flerleyen sayfalar, istatistik ve olasilik ile ilgili coktan se¢gmeli sorular igermektedir. Herhangi bir
cevabi isaretlemeden dnce soruyu dikkatlice okuyunuz.

1. Bir Fen Bilgisi dersinde kiigiik bir nesnenin kiitlesi dokuz farkli 6grenci tarafindan aym 6lgi
birimiyle 6lgiilityor. Her bir 6grencinin kaydettigi kiitleler (gram cinsinden) asagida verilmistir.

6,2 6,0 6,0 153 6,1 6,3 6,2 6,15 6,2

Ogrenciler miimkiin oldugunca hatasiz bir sekilde nesnenin gercek kiitlesini belirlemek
istemektedir. Asagidaki yontemlerden hangisini kullanmalarin tavsiye ederdiniz?

a) En ¢ok tekrar eden say1y1, yani 6,2’yi kullanmalarini
b) En hassas 6l¢tim oldugu i¢in 6,151 kullanmalarim
c) Verilen 9 sayiy1 toplayip, 9’a bolmelerini

d) 15,31 atip, diger 8 sayiy1 toplayip 8’e bolmelerini

2. Recgeteyle satilan bir sise ilacin {izerinde agagidaki yonerge yazilidir.

“UYARLI: Cilde uygulandiginda kizariklik olusma ihtimali %15°tir. Eger kizariklik olusursa
doktorunuza daniginiz.”

Asagidakilerden hangisi bu uyarinin en iyi yorumudur?

a) Ilaci cildinizde kullanmayn, kizariklik olusma ihtimali yiiksektir.

b) Cilde uygularken 6nerilen dozun sadece %15’ini uygulayin.

¢) Eger kizariklik olusursa muhtemelen cildin sadece %15’inde olusacaktir.
d) Bu ilac1 kullanan 100 kisiden yaklasik 15’inde kizariklik olusur.

e) Bu ilac1 kullanirken kizariklik olusma ihtimali neredeyse hi¢ yoktur.

3. Meteoroloji Genel Miidiirliigii hava tahminlerinin dogrulugunu belirlemek istiyordu. Yagmur
yagma olasiliginin %70 olarak bildirildigi giinlerin raporlarmi incelediler. Bu tahminleri s6z
konusu giinlerde gergekten yagmur yagip yagmadigini gosteren kayitlarla karsilastirdilar.

Yagmur yagan giinlerin yiizdesi asagidakilerden hangisi olursa %70 yagmur yagma olasiligi, cok
isabetli bir tahmin olarak kabul edilebilir?

a) %95 - %100
b) %85 - %94
C) %75 - %84
d) %65 - %74
e) %55 - %64



4. Bir 6gretmen, dgrencilerinin s6z alma sayisini arttirmak amacryla siniftaki oturma diizenini
degistirmek ister. Ilk 6nce mevcut oturma diizeninde 6grencilerin kag kere soz aldigini
belirlemeye karar verir. Buna gore asagidaki tablo, 8 6grencinin bir ders saatindeki séz alma

sayisini gostermektedir.

Ogrenci Isimlerinin Bas Harfleri AA.

R.F.

AG. JG.  CK. NK. JL. AV.

Yorum Sayisi 0

2 22 3 2 1 2

Ogretmen o giin yapilan tipik s6z alma sayisin1 hesaplayarak bu veriyi 6zetlemek ister.

Asagidaki yontemlerden hangisini kullanmasini dnerirsiniz?

a) En ¢ok tekrar eden say1y1, yani 2’yi kullanmasini

b) Verilen 8 sayiy1 toplayip 8’e bolmesini

C) 22’yi atip diger 7 sayiy1 toplayip 7’ye bolmesini

d) 0’1 atip diger 7 sayiy1 toplayip 7’ye bolmesini

5. Bir cilt hastalig1 olan egzemanin tedavisinde kullanilan yeni bir ilag, etkinligini belirlemek igin
test edilmektedir. Calismaya katilmasi igin 30 egzema hastas segilir. Hastalar rastgele iki gruba
ayrilir. Deney grubundaki 20 hasta ilaci alirken kontrol grubundaki 10 hasta ilag almaz. 2 ay sonra

alinan sonuclar agagida gosterilmistir.

Deney Grubu
(ilac verilen)

Kontrol Grubu
(ilac verilmeyen)

‘iyilesme var.
Tyilesme yok.

2

12 8

Veriye gore, bence ilag;

1.biraz etkilidir.

2.temelde etkisizdir.

Eger birinci segenegdi sectiyseniz asagidaki
aciklamalardan hangisi diisiincenizi en iyi sekilde
belirtir?

a) Deney grubundaki insanlarin %40°1 (8/20)
iyilesme gosterdi.

b) Kontrol grubunda sadece 2 insan iyilesme
gosterirken deney grubunda 8 insan iyilesme
gosterdi.

c) Deney grubundaki iyilesme g6steren insan
sayisi, iyilesme gostermeyen insan sayisindan
sadece 4 eksikken (12-8) kontrol grubunda bu
fark 6 (8-2)’dur.

d) Deney grubundaki hastalarin %40°1 (8/20)
iyilesme gosterirken kontrol grubundaki
hastalarin sadece %20’si (2/10) iyilesme gosterdi.

Eger ikinci secenegi segtiyseniz asagidaki
aciklamalardan hangisi diisiincenizi en iyi sekilde
belirtir?

a) Kontrol grubunda, 2 kisi ilag verilmediginde
bile iyilesme gosterdi.

b) Deney grubunda, iyilesme gostermeyenlerin
sayisi iyilesme gosterenlerden daha ¢ok (12°ye
8)’tur.

¢) lyilesme gostermeyenlerle iyilesme
gosterenlerin farki her iki grupta da yaklagik
olarak ayni (4’e 6)’dir.

d) Deney grubundaki hastalarin sadece %40’1
(8/20) iyilesme gosterdi.




6. 5. soruda ifade edilen deney sonuglarinin sorgulanmasina yonelik birka¢ sebep asagida
listelenmistir. Katildiginiz her sebebi isaretleyiniz.

a) Iki grubu karsilastirmak uygun olmaz ciinkii iki gruptaki hasta sayis1 farklidir.

b) 30 kisilik bir 6rneklem sonuca varmak i¢in ¢ok kiigiiktiir.

c) Hastalar gruplara rastgele yerlestirilmemeliydi ¢iinkii ¢ok ciddi vakalar sans eseri ayni grupta
toplanmis olabilir.

d) Doktorlarin hastalarin iyilesme gosterip gostermedigine nasil karar verdigi hakkinda yeterli
bilgi verilmiyor. Doktorlar kararlarinda tarafli davranmus olabilirler.

e) Bu ifadelerin hi¢birine katilmiyorum.

7. Bir arastirma girketinden 13 -19 yaglardaki genglerin kaset, CD, plak, MP3, MP4 gibi miizik
kayitlarina ne kadar para harcadiklarini belirlemesi istenmistir. Sirket {ilke genelinde rastgele 80
aligveris merkezi segmistir. Bir saha aragtirmacis1 aligveris merkezinde merkezi bir yerde durup
oradan gecenler arasinda yas1 uygun goriinenlerden anketi doldurmasini istemistir. Toplamda 2050
anket gencler tarafindan doldurulmustur. Bu arastirmaya gore, arastirma sirketi bu tilkedeki
ortalama bir gencin kayitl miizige yilda 155 TL harcadigini rapor etmistir.

Asagida bu arastirma hakkinda birkag ifade verilmistir. Katildiginiz her ifadeyi isaretleyiniz.

a) Ortalama, genglerin harcadiklar1 miktara yonelik tahminlerine dayalidir. Bu yiizden genglerin
gercekte ne kadar harcadiklarindan oldukga farkli olabilir.

b) Eger iilke genelindeki gengler i¢in ortalama bulunmak isteniyorsa arastirma, 80’den fazla
aligveris merkezinde yapilmaliydu.

€) 2050 gengten olusan 6rneklem biitiin {ilke geneli hakkinda sonuca varmak i¢in ¢ok kiigiiktiir.
d) Anket, miizik magazalarindan ¢ikan genglere uygulanmaliydi.

e) Gengler anketi doldurmalar1 i¢in rastgele segilmedigine gére bu ortalama, tiim genglerin
harcamalarinin zayif bir gdstergesi olabilir.

f) Sadece alisveris merkezindeki gengler érnekleme dahil edildigine gére bu ortalama, tiim
genglerin harcamalarmin zayif bir gostergesi olabilir.

g) Bu durumda ortalama hesaplamak uygun degildir ¢iinkii genglerin harcadigi miktarlarda ¢ok
varyasyon var.

h) Bu ifadelerin higbirine katilmiyorum.

8. A ve B olarak etiketlenmis iki kutu asagida belirtilen miktarlarda kirmuz1 ve mavi bilyelerle
doldurulur.

Kutu Kirmuz1 Mavi
A 6 4
B 60 40

Her bir kutu iyice sallanir. Kutulardan birini sectikten sonra elinizi i¢ine sokup bakmadan bir bilye
sececeksiniz. Eger bilye maviyse 50 TL kazanacaksmiz.

Mavi bilye segme olasiligi hangi kutuda daha yiiksektir?
a) A Kutusu (6 kirmizi ve 4 mavi)
b) B Kutusu (60 kirmiz1 ve 40 mavi)

c) Her iki kutuda da olasilik aynidir.



9.

10.

11.

12.

Hilesiz bir madeni paranin 5 kez yazi-tura atilmasi sonucunda asagidaki siralamalardan hangisinin
gelme olasiligi en yiiksektir? (Y: yazi, T: tura)

a)TTTYY
b) YTTYT
) YTYYY
d)TYTYT
e) 4 siralamanin herbirinin de gergeklesme olasiligi aynidir.

9. Soruya verdiginiz cevap i¢in agsagidaki agiklamalardan bir veya daha fazlasini seginiz.

a) Madeni para hilesiz oldugu i¢in hemen hemen esit sayida yazi ve tura gelir.

b) Yazi-tura atis1 rastgele oldugu i¢in yazidan turaya ve turadan yaziya sik¢a gecis olur.

c) Swralamalardan herhangi biri gergeklesebilir.

d) Eger bir paray1 arka arkaya 5 defa atarsan, bu siralamalarin her biri diger siralamalarin herhangi
biri kadar sik gerceklesir.

e) Eger art arda bir ¢ift tura gelirse, bir sonraki atista yazi gelme olasilig artar.

f) 5 atigin her siralamasinin gergeklesme olasiligi tam olarak aymidir.

9. sorudaki Y (yazi) ve T (tura) siralamalarimn aynisi asagida verilmistir. Hilesiz bir madeni
paranin 5 kez yazi-tura atilmasi sonucunda asagidaki siralamalardan hangisinin gelme olasiligi en

diisiiktiir?

a)TTTYY
b) YTTYT
c) YTYYY
d) TYTYT
e) 4 siralamanin herbirinin de gergeklesmeme olasilig esittir.

Yilmaz Ailesi yeni bir araba almak istiyordu ve seceneklerini “A” ve “B” olarak sinirlandirdi.
Oncelikle gesitli arabalarin tamir {icretlerini karsilastiran Tiiketici Raporu’nu incelediler. Her cesit
i¢in 400 araba tizerinde yapilan tamir kayitlar1 “B”nin “A”ya gére daha az mekanik sorun
cikardigini gosteriyordu.

Sonra Yilmaz Ailesi ikisi “A”, biri eskiden “B” sahibi ii¢ tamdig: ile konustu. iki “A” sahibi,
onemli olmayan birka¢ mekanik sorundan bahsetti. Fakat “B” sahibi, arabasindan memnun olup
olmadig soruldugunda kopiiriiverdi:

“fIk 6nce yakit enjeksiyonu bozuldu, 250TL ona gitti. Sonra arka tamponla sorun yasamaya
bagladim ve onu degistirmek zorunda kaldim. Sanziman bozulduktan sonra sonunda arabayi
satmaya karar verdim. Bir daha asla “B” almam.”

Yilmaz Ailesi, yiiksek masrafli tamir ¢ikarma olasiligi daha az olan arabayi almak istiyor. Su an
bildiklerini g6z oniine alirsak hangi arabayi almalarmi tavsiye edersiniz?

a) Ozellikle arkadasinin “B” ile yasadig1 sorunlardan dolay1 “A” almalarini tavsiye ederim. “A”
hakkinda benzer korkung hikayeler duymadiklari i¢in “A”y1 almalilar.

b) Arkadasinin kétii deneyimine ragmen “B” almalarmi tavsiye ederim. Bu sadece bir durumken
Tiiketici Raporu’nda verilen bilgi bir¢gok duruma dayaniyor. Ve oradaki veriye gore “B” daha az
tamir gerektiriyor.

C) Onlara hangi arabayi aldiklarmmn bir 6nemi olmadigini séylerim. Modellerden birinin tamir
gerektirmesi digerine gore daha muhtemel olmasina ragmen, yine de sans eseri ¢ok tamir isteyen
bir arabaya denk gelebilirler. Karar vermek i¢in yazi-tura atsalar da olur.



13.

14.

15.

Hilesiz bir zarmn bes yiizii siyaha, bir yiizii beyaza boyanir. Zar alt1 kez atilir.
Asagidaki sonuglardan hangisinin gelme olasilig1 daha yiiksektir?

a) 5 defa siyah yiiz, bir defa beyaz yiiz iiste gelir.
b) 6 atigin hepsinde de siyah yiiz tiste gelir.
C) a ve b’nin ger¢eklesme ihtimali aynidir.

Yenidogan tiim bebeklerin yarisi kiz, yarisi erkektir. “A” Hastanesi’nde giinde ortalama 50
dogum, “B” Hastanesi’nde giinde ortalama 10 dogum kaydediliyor.
Belirli bir giinde hangi hastanenin %80 veya daha fazla kiz dogumu kaydetmesi daha olasidir?

a) “A” Hastanesi (giinde 50 dogum)
b) “B” Hastanesi (giinde 10 dogum)
c) Iki hastanenin de boyle bir olay1 kaydetme olasilig esittir.

40 tiniversite 6grencisi, uykunun test sonuclarina etkisi {izerine yapilan bir ¢alismaya
katilmiglardir. 20 6grenci testten bir onceki gece uyumayip ¢alismak i¢in goniillii olmustur
(uyumayan grup). Diger 20 6grenci (kontrol grubu) testten bir dnceki gece 23:00’te yatmustir. Her
bir grup i¢in test sonuglari asagidaki grafiklerde gosterilmistir. Grafikteki her nokta belirli bir
ogrencinin puanini temsil etmektedir. Ornegin, I1. grafikte 80 iizerindeki iki nokta, uyuyan
gruptaki 2 6grencinin testten 80 aldigin1 gdstermektedir.

I. Grafik 30 40 50 60 70 80 90 100
Test Sonuglari: Uyumayan Grup

i 30 40 50 60 70 80 90 100
Il. Grafik
Test Sonuglari: Uyuyan Grup

Iki grafigi de dikkatlice inceleyiniz. Sonra asagida verilen 6 muhtemel sonugtan en gok
katildiginizi seginiz.

a) Uyumayan grup daha iyi yapmugtir, ¢linkii bu 6grencilerin higbiri 40’ altinda puan almamustir
ve en yiiksek puan1 alan 6grenci bu gruptadir.

b) Uyumayan grup daha iyi yapmustir, ¢iinkii bu grubun ortalamasi uyuyan grubun ortalamasindan
biraz daha yiiksek goriinmektedir.

¢) Iki grup arasinda fark yoktur, ¢iinkii iki grubun sonuglar1 biiyiik 6lciide ortiismektedir.

d) iki grup arasinda fark yoktur, ¢iinkii puanlardaki varyasyon miktariyla kiyaslandiginda
gruplarin ortalamalar1 arasindaki fark kiiciiktiir.

e) Uyuyan grup daha iyi yapmustir, ¢linkii bu grupta daha ¢ok 6grenci 80 ve tizeri puan almugtir.

f) Uyuyan grup daha iyi yapmustir, ¢iinkii bu grubun ortalamasi uyumayan grubun ortalamasindan
biraz daha yiiksek goriinmektedir.



16.

17.

18.

19.

20.

500 ilkogretim 6grencisi bir ay boyunca her giin, televizyon izlemeye ayirdiklar: vaktin kaydini
tutmustur. Bir haftalik televizyon izleme siirelerinin ortalamasi 28 saat olarak bulunmustur.
Ayrica, ¢alismay1 yapan arastirmacilar her 6grencinin karnesine ulagsmislardir. Arastirmacilar
okulda bagarili 6grencilerin, basarisi diigiik 6grencilere gore televizyon izlemeye daha az vakit
ayirdigini bulmuslardir. Bu ¢calismanin sonuglar1 hakkinda olasi yorumlar asagida verilmistir.
Katildiginiz her yorumu isaretleyiniz.

a) 500 kisilik 6rneklem sonug gikarmak igin ¢ok kii¢iiktiir.

b) Eger bir 6grenci televizyon izlemeye ayirdigi vakti azaltirsa okul basaris artar.

c) Basarili 6grenciler daha az televizyon izlemis olsa bile bu televizyon izlemenin okul
performansina zarar verdigi anlamina gelmez.

d) Ogrencilerin televizyon izlemeye yaklasik kag saat harcadiklarini berlirlemek icin bir ay,
yeterince uzun bir siire degildir.

e) Bu arastirma, televizyon izlemenin daha zayif okul performansina neden oldugunu gosterir.
f) Bu yorumlarin higbirine katilmiyorum.

Kiigiik bir koyiin okul komisyonu kdydeki ev basina diisen ortalama gocuk sayisini belirlemek
istemigtir. Koydeki toplam ¢ocuk sayisini toplam ev sayist olan 50’ye bolmiislerdir. Eger ev
basna diisen ortalama cocuk sayis1 2,2 ise asagidaki yorumlarin hangisi dogru olmalidir?

a) Koydeki evlerin yarisinda 2’den fazla ¢ocuk var.

b) Koydeki 3 ¢ocuklu evlerin sayisi, 2 ¢ocuklu evlerin sayisindan daha goktur.
¢) Koyde toplam 110 gocuk vardir.

d) Koydeki her bir yetiskin basina 2,2 ¢ocuk diiser.

e) Evlerde en ¢ok rastlanan gocuk sayis1 2”dir.

) Yukaridakilerden higbiri.

Iki zar aym anda atildiginda asagidaki 2 sonugtan birisinin gergeklesmesi miimkiindiir.
Sonug 1: 5 ve 6 gelir. Sonug 2: iki tane 5 gelir.
En ¢ok katildiginiz cevabi seginiz.

a) Bu sonuglarmn herbirini elde etme olasilig1 esittir.

b) Sonug 1°i elde etme olasilig1 daha yiiksektir.

¢) Sonug 2’yi elde etme olasiligi daha yiiksektir.

d) Cevap vermek imkansizdir. (Liitfen nedenini agiklayimiz.).............ccovvviiniiiiiniinnnnn..

Ug zar aym anda atildiginda, asagidaki sonuclarin hangisinin elde edilme olasihg EN
YUKSEKTIR?

a) Sonug 1: “bir tane 5, bir tane 3 ve bir tane 6”
b) Sonug 2: “ii¢ tane 5”

¢) Sonug 3: “ iki tane 5 ve bir tane 3”

d) Ug sonucun da gerceklesme olasilig1 esittir.

Ug zar ayn1 anda atildiginda, asagidaki sonuglarm hangisinin elde edilme olasilig1 EN
DUSUKTUR?

a) Sonug 1: “bir tane 5, bir tane 3 ve bir tane 6”
b) Sonug 2: “ii¢ tane 5

¢) Sonug 3: “ iki tane 5 ve bir tane 3”

d) Uc sonucun da ger¢eklesmeme olasilig esittir.



APPENDIX B: Results of McNemar Test

Table B.1. Mc Nemar Test-Item 1.

English Version

False True
False 23 2
True 13 23

Turkish Version

Table B.2. Mc Nemar Test Statistics-Item 1.

-Turkish & -English
N 61
Exact Sig. (2-tailed) .007

Table B.3. Mc Nemar Test-Item 2.

English Version

False True
False 4 0
True 8 49

Turkish Version

Table B.4. Mc Nemar Test Statistics-Item 2.

-Turkish & -English
N 61
Exact Sig. (2-tailed) .008

93



94

Table B.5. Mc Nemar Test-Item 4.

English Version

False True

Turkish Version

False 21 4

True 14 22

Table B.6. Mc Nemar Test Statistics-Item 4.

-Turkish & -English

N

Exact Sig. (2-tailed) 031

61

Table B.7. Mc Nemar Test-Item 10c.

English Version

False True

Turkish Version

False 8 4

True 21 28

Table B.8&. Mc Nemar Test Statistics-Item 10c.

-Turkish & -English

N

Exact Sig. (2-tailed) .001

61




Table B.9. Mc Nemar Test-Item 11.

English Version

False True
False 3 1
True 9 48

Turkish Version

Table B.10. Mc Nemar Test Statistics-Item 11.

-Turkish & -English
N 61
Exact Sig. (2-tailed) 021

Table B.11. Mc Nemar Test-Item 13.

English Version

False True
False | 34 14
True 3 10

Turkish Version

Table B.12. Mc Nemar Test Statistics-Item 13.

-Turkish & -English
N 61
Exact Sig. (2-tailed) 013




Table B.13. Mc Nemar Test-Item 17.

English Version

False True

Turkish Version

False 11 4

True 17 29

Table B.14. Mc Nemar Test Statistics-Item 17.

-Turkish & -English

N

61

Exact Sig. (2-tailed) 007
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APPENDIX C: Table of The Most and Second Most

Common Alternatives

Table C.1. Frequency of Alternatives-Elementary Level.

Item Most common Second most common
Alternative | % Alternative | %
1 a 35.4 | misconception d 34.1 correct
2 d 90.2 correct none - -
3 d 46.3 correct a 35.4 | misconception
4 b 40.2 | misconception c 36.6 correct
5 1-d 51.2 correct none - -
6 b 63.4 correct c 47.6 false
7 f 73.2 correct a/e 41.5 | false/ correct
8 ¢ 93.9 correct none - -
9 e 92.7 correct none - -
10 c 65.9 correct f 63.4 correct
11 e 87.8 correct none - -
12 b 72 correct a 19.5 false
13 b 37.8 | misconception a 31.7 correct
14 c 61 | misconception a 18.3 false
15 f 54.9 | misconception d/e 9.8 | correct / false
16 b and e 46.3 | misconception c 23.2 correct
17 c 63.4 correct e 7.3 | misconception
18 a 70.7 | misconception b 14.6 correct
19 d 81.7 | misconception a 13.4 correct
20 d 79.3 | misconception b 14.6 correct
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Table C.2. Frequency of Alternatives-Secondary Level.

Item Most common Second most common
Alternative | % Alternative | %

1 a, C 30.8 | misconception none - -
1 d 30.8 correct none - -
2 d 94.5 correct none - -
3 d 54.9 correct a 34.1 | misconception
4 c 46.2 correct b 30.8 | misconception
D 1-d 71.4 correct none - -
6 b 63.7 correct ¢ o7.1 false
7 f 83.5 correct ¢ 44 | misconception
8 c 95.6 correct none - -
9 e 93.4 correct none - -
10 f 76.9 correct ¢ 61.5 correct
11 e 92.3 correct none - -
12 b 69.2 correct a 16.5 false
13 b 45.1 | misconception c 29.7 | misconception
14 c 50.5 | misconception a/b 24.2 | false/correct
15 f 63.7 | misconception b 6.6 | misconception
16 e 42.9 | misconception b 35.2 | misconception
17 ¢ 59.3 correct b, f 7.7 false
18 a 75.8 | misconception b 11 correct
19 d 84.6 | misconception a 12.1 correct
20 d 76.9 | misconception b 16.5 correct

98
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