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Abstract: Although the international interest in teaching probability has allowed probability to be treated as a separate
learning area in Turkey, its intensity has been reduced and mitigated in the middle school mathematics program. Despite this,
the addition of statistics and probability courses for middle school mathematics teacher candidates during their undergraduate
education shows the need for them to be trained in these subjects’ teaching. However, it is claimed that the probability
knowledge that teacher candidates receive in their undergraduate years is not sufficient; they cannot learn probability with
different approaches, and therefore do not have the necessary competence to teach probability. In this case, it is necessary to
examine the probability knowledge in terms of common content knowledge (CCK), advanced content knowledge (ACK), and
specialized content knowledge (SCK) required to teach the probability of mathematics teacher candidates. In this study,
probability content knowledge (CCK, ACK, and SCK) of mathematics teacher candidates was examined in the context of
different meanings of probability (classical, frequentist, and subjective). According to the general results obtained by
applying the probability content knowledge test, which was adapted to Turkish to 98 teacher candidates, it was found that the
content knowledge in which participants were most successful was CCK and had a sufficient level of understanding for the
classical meaning of probability. However, it was found that there are deficiencies in teacher candidates for ACK and SCK,
and their understanding of the frequentist and subjective approach of probability is insufficient. It was recommended to
improve and expand the scope of statistics and probability courses given during university education. In parallel,
restructuring middle school mathematics programs could be applied to emphasize classical and other meanings of probability.

Keywords: Probability content knowledge, preservice elementary mathematics teachers, meanings of probability
DOI: 10.16949/turkbilmat.728122

Oz: Olasilik dgretiminin uluslararas: alanda gordiigii ilgi, Tiirkiye’de olasiligin ayr bir 6grenme alani olarak ele alinmasini
saglamis olsa da ortaokul matematik programinda yogunlugu azaltilmis ve hafifletilmistir. Buna ragmen, ilkdgretim
matematik 6gretmen adaylarinin lisans 6grenimleri boyunca istatistik ve olasilik derslerine ayrica yer verilmesi onlarin bu
konularin 6gretiminde yetistirilmesi gerekliligini gostermektedir. Fakat 6gretmen adaylarmin 6grenimleri boyunca aldiklar:
olasilik 6gretiminin yeterli olmadigi, olasilig1 farkli yaklagimlarla 6grenemedikleri ve dolayisiyla da olasiligi gretmek igin
gerekli yeterlige sahip olmadiklar1 iddia edilmektedir. Bu durum, matematik 6gretmeni adaylarinin olasiligi 6gretebilmek igin
gereken temel alan bilgisi, ileri diizeyde alan bilgisi ve uzman diizey alan bilgisi bakimindan olasilik bilgilerinin incelenmesi
gerekliligini ortaya koymustur. Bu ¢alismada, matematik 6gretmeni adaylarinin olasilik alan bilgileri (temel, ileri ve 6zel)
olasiligin farkli anlamlari (klasik, siklik¢t ve 6znel) baglaminda incelenmistir. Tiirkge’ye cevrilerek uyarlanan olasilik alan
bilgisi testinin 98 6gretmen adayina uygulanmasi ile elde edilen genel bulgulara gore, katilimeilarin en basarili olduklar: alan
bilgisinin temel diizeyde alan bilgisi oldugu ve olasiligin klasik anlamu igin yeterli diizeyde bir anlayisa sahip olduklari
goriilmiigtiir. Fakat ileri diizeyde ve uzman diizey alan bilgisi i¢in 6gretmen adaylarinin eksiklerinin bulundugu, olasiligin
siklik¢1 ve 6znel yaklagimina dair anlayislarinin yetersiz oldugu tespit edilmistir. Calismada elde edilen sonuglara gore,
universite egitimleri sirasinda verilen istatistik ve olasilik derslerinin kapsaminin iyilestirilmesi ve genisletilmesi ve paralel
bir sekilde ortaokul matematik programlarinin da olasiligin yalnizca klasik degil diger anlamlarin1 da 6n plana ¢ikarir sekilde
yeniden yapilandirilmasi 6nerilmektedir.

Anahtar Kelimeler: Olasilik alan bilgisi, ortaokul matematik 6gretmen adaylari, olasiligin farkli anlamlari

Tiirkge siiriim i¢in tiklaymiz.

1. Introduction

In recent years, probability has been of considerable interest in mathematics education, and probability
education and teaching studies have increased. This international interest in probability is reflected in
mathematics education programs and teacher training programs in Turkey. The middle school mathematics
curriculum, which began to be implemented in September 2013, was the first program in which the subject of
probability was considered as a separate learning area (Ministry of National Education [MoNE], 2013).
However, in the new curriculum published with the last update, the time allocated to probability is reduced, only
the classical meaning of probability is emphasized, and many learning objectives previously included in the
program (for example, the probability of dependent events) are also transferred to the high school level. The
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probability learning area is at the 8th-grade level with only five objectives, accounting for 7 percent of the
current middle school mathematics program (MoNE, 2018). It can clearly be said that the relevant regulation is
similar to the changes that the USA made in 1989, 2000, and 2006 in the framework of teaching probability
(Langrall, 2018). When Langrall (2018) examines the programs of the countries covered by TIMMS 2015, he
explains that this is true in many countries (teaching probability to students under 11). From this point of view,
teacher candidates can receive support from technology (such as simulations). It can be said that more focus
should be on key concepts in probability, and the idea of releasing deeper conceptual knowledge of probability
to the high school level (Moore, 1997) is reflected in the content of the currently implemented middle school
curriculum. When probability teaching is examined worldwide, although simple probabilistic thinking skills are
given from pre-school level, it cannot be said that preservice mathematics teachers and even preservice primary
teachers have received sufficient training in statistics and probability teaching during their university education
(Batanero, Godino, & Rao, 2004).

Considering today’s emerging technologies and 21st century needs, it seems that the perspective on teaching
probability needs to be updated. Besides, teaching probability “should take into account the characteristics of
probability, its multifaceted views (classical, frequentist, subjective or axiomatic probability), common
misconceptions, and wrong intuitions” (Estrada, Batanero, & Diaz, 2018, p. 316). Different approaches to
probability are related to the concept of uncertainty in probability and can be evaluated from three fundamentally
different perspectives compared to other approaches (Batanero, Chernoff, Engel, Lee, & Sanchez, 2016):
subjective, classical, and frequentist approach (Hourigan & Leavy, 2019). The classical approach to probability
is an approach that until the 1980s was at the forefront of teaching, focusing on the ratio structure of probability
and theoretical probability was at the forefront. This approach is the only approach that stands out when
considering primary and middle school mathematics curriculum in our country, and it also ignores sample
experiments that can be given by associating them with the context. According to the frequentist approach, the
probability is defined as the limit of the relative frequency of the event when an experiment is repeated too many
numbers, and it is also the most effective approach in today’s universal teaching of probability. In our previous
curriculum, the experimental probability was considered at the middle school level and associated with
theoretical probability. This relationship was sent to the 11th grade in the secondary education mathematics
curriculum published and implemented by the Ministry of National Education in 2018 (MoNE, 2018). According
to the subjective approach, the probability is the personal rating of a belief, it can be updated with Bayes theorem
when new information is obtained, and it has been suggested that this approach may also be involved in the
teaching of probability in primary education (Gomez-Torres, Batanero, Diaz, & Contreras, 2016). Although it is
known that these three most basic different approaches of probability have various advantages or disadvantages
on learning and teaching probability (Batanero, Henry, & Parzysz, 2005), these they should be included in
probability teaching, and the relationships between these approaches should be mentioned to students (Koparan,
2019). The inadequacy of the middle school mathematics teaching program in terms of probability is due to
teaching delivery, highlighting only the classical meaning. From this perspective, the development of probability
knowledge of middle school mathematics teachers during their university education is necessary to contribute to
teaching probability. The teaching of probability and statistics and teaching mathematics must be different due to
the nature of them (Batanero & Diaz, 2012), and it is important to reflect this difference in the training of teacher
candidates for teaching probability and statistics and to develop their understanding of probability and statistics
(Jones & Thornton, 2005; Stohl, 2005).

As in other learning areas, the most fundamental knowledge base for teaching probability is the teacher or
preservice teacher’s subject matter knowledge. In turn, this importance means having a good understanding of
probability, common content knowledge (CCK), advanced content knowledge (ACK), and specialized content
knowledge (SCK) (Ball, Thames, & Phelps, 2008). CCK is a basic knowledge of mathematics that is not
sufficient to teach mathematics but is necessary for any context. Knowledge of various mathematical symbols
and representations, proper use, and knowledge of mathematical terminology can be given as examples for this
type of content knowledge. ACK, Ball et al. (2008) brought it to the literature with the name of horizon
knowledge, and it will be referred to as ACK here as in the studies of Gomez-Torres et al. (2016). It means that
the teacher who deals with a curriculum to teach knows which concepts a concept can be associated with before
(and after) its teaching at one level, at the previous (and after) levels. When we approach it in terms of the
knowledge needed to teach probability, this knowledge means that teachers know the different meanings of
probability and their relationships (Batanero, Godino, & Roa, 2004). Gémez-Torres et al. (2016) have also
addressed ACK to include knowledge that needs to be known about students and the content. The third
knowledge type that can be considered within the framework of probability content knowledge required to teach
probability is SCK (Hill, Ball, & Schilling, 2008). SCK is the knowledge that teachers can explain a particular
mathematical concept in-depth, give it with certain teaching methods, know and explain the forms of
representation of relevant mathematical ideas (Hill, Ball, & Schilling, 2008).

Studies examining teachers’ probability content knowledge or their understanding of probability are limited
(Gomez-Torres et al., 2016). One of the biggest reasons for this limitation may be that probability is relatively
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less involved in other subjects in the mathematics curriculum. According to Hourigan and Leavy (2019), the
studies conducted are mostly studies that examine common misconceptions, errors, heuristic misconceptions
(bias), or learning difficulties of teachers or prospective teachers regarding probability concepts. Batanero,
Godino and Cafiizares (2005) found that the three most basic probability misconceptions that prospective middle
school mathematics teachers have are: representativeness bias, equiprobability bias, and outcome approach.

According to studies that examined the probability content knowledge of teachers and prospective teachers,
participants were found to be weaker in the probability and statistics than in other learning areas, their
understanding of probability was little, and they found it more difficult to teach the one than others
(Shaughnessy, 1977; Stohl, 2005; Quinn, 1997). Thus, statistics and probability are considered difficult topics to
learn or understand (Olpak, Baltaci, & Arican, 2018; Stohl, 2005). There are studies which examine not only the
knowledge needed to teach, but also the attitudes of teachers and prospective teachers to statistics and probability
(for example, Estrada, Batanero, & Diaz, 2018), which examine pedagogical content knowledge of probability
(ex. Danigsman & Tamsli, 2017), in concepts of probability (ex. dependent probability, chance, sample space),
which examine misconceptions and beliefs about probability (for example, Bursali, & Gokkurt-Ozdemir, 2019;
Stohl, 2005), and which examines conceptual and procedural levels of knowledge about probability (e.g., Ata,
2014; Karaaslan & Ay, 2017; Kurt-Birel, 2017). A study to develop a test to measure teacher candidates’
understanding of statistics and probability at a cognitive level is also a study that measures teacher candidates’
statistical reasoning skills (Arican & Kuzu, 2020). As Arican and Kuzu (2020) concluded, it was found that
teacher candidates had difficulty making statistical inferences and had difficulty understanding and applying
basic concepts of probability. In general, studies examining the probability content knowledge of teachers and
prospective teachers are similarly small due to the volume of probability in the middle school mathematics
program is less than others, and the intensity is eased over time. It shows that the importance given to probability
is also gradually decreasing. The study outlined here is important in studying prospective mathematics teachers
according to different probability content knowledge types for different meanings of probability.

Various measurement tools are needed to evaluate teacher candidates’ probability content knowledge and
prepare the probability courses they can attend. This study includes the adaptation of the test developed by
Gomez-Torres et al. (2016) to assess the probability content knowledge of middle school mathematics teacher
candidates to Turkish and the application of the adapted test.

Therefore, this study aims to examine the probability content knowledge of middle school mathematics
prospective mathematics teachers on the different meanings of probability within the framework of the
knowledge needed to teach mathematics. To this end, the research question is as follows: “What is the level of
probability content knowledge of preservice middle school mathematics teachers according to the different
meanings of probability and the knowledge needed to teach mathematics?”

2. Method

This study is a survey study as it involves adapting and applying a test to examine the level of probability
content knowledge of mathematics teacher candidates. Survey research involves examining a phenomenon
according to various variables or factors and analyzing the findings according to these variables (Fraenkel &
Wallen, 2006; Karasar, 2005).

2.1. Participants

Ninety-eight middle school mathematics teacher candidates at the 3rd and 4th-year, 42 of whom were
studying at the faculty of education of Mersin University, participated in the study. Participants were selected
from students who took the statistics and probability courses in the fall and spring semesters of the elementary
mathematics teaching program, which were given 2 hours of theoretical and 2 hours of practical. In the education
faculty programs organized by the Higher Education Council (HEC) in the 2018-2019 academic year, there are
two-hour probability course in the fall semester and two-hour statistics course in the spring semester, and the
number of hours has been reduced by half compared to the previous undergraduate program. The course content
has not been changed and generally includes counting (rules, permutation, combination), introduction to
probability, random variables and distributions, discrete and continuous probability distributions, data analysis,
confidence intervals, and hypothesis testing correlation, regression.

2.2. Data Collection Tool

This study included adapting the test prepared by Goémez-Torres et al. (2016) to Turkish, and the adapted
version was applied to middle school mathematics teacher candidates to assess their probability content
knowledge. The test, which was translated into Turkish, consists of open-ended questions. In preparing the test,
three different meanings of the probability that the items bring to the fore were also considered (Batanero,
Henry, & Parzysz, 2005). As a result of their work, the research team developed a 12-item test. They explained
that the test measured probability content knowledge validly and reliably (Cronbach alpha = 0,768), along with
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different content knowledge components and different meanings of probability, and they also studied their
probability content knowledge by applying it to the teacher candidates (Gémez-Torres et al., 2016). For the
Turkish version of the test, the Cronbach alpha value was obtained as 0.82.

The 12 items selected for this test were from the studies of Azcarate (1995), Batanero, Garfield, and Serrano
(1996), Chernoff (2011), Diaz and Batanero (2009), Falk and Wilkening (1998), Fischbein and Gazit (1984),
Green (1982, 1983) and Shaugnessy and Ciancetta (2002), including basic probability concepts, dependent-
independent events, probability estimation, conditional probability, sampling, equipotential events, the binomial
distribution. The type of content knowledge the test questions evaluate and which approach of probability bring
to the fore are shown in Table 1 below. The entire test is included in Appendix 1 at the end of the study.

Table 1. The type of content knowledge and the meaning of probability of test items

Common Content Knowledge (CCK) Meaning of Probability Item #
Listing possible outcomes Classical 1
Comparing probabilities Classical 2
Joint probability (product rule): Independent Classical 3
experiments
Joint  probability (product rule): Dependent Subjective 4
experiments
Estimating probability Frequentist 5
Fair game Classical 6a
Advanced Content Knowledge (ACK)
Expectation Classical 6b
Conditional probability Subjective 7
Equiprobability bias Classical 8
Sampling Frequentist 9
Perception of randomness Frequentist / Subjective 10
Representativeness heuristic Frequentist / Subjective 1la
Binomial distribution Frequentist / Subjective 11b
Outcome approach: Prediction Frequentist 12a
Outcome approach: Validity of prediction Frequentist / Subjective 12b, 12¢
Specialized Content Knowledge (SCK) Arguments in the items
2, 3,4, 64a, 10, 11a,
11b, 12b

The data from the test applied to the participants was collected in two sessions; the first session was
conducted with a group of 63 3rd and 4th-year students who were preservice middle school mathematics
teachers studying in the 2017-2018 academic year. Later, it was decided to expand the sample, and therefore, the
second session was also applied to the 4th year students studying in the 2019-2020 academic year.

2.3. Data Analysis

The data obtained by applying the test was scored in the format applied by Gémez-Torres et al. (2016), who
developed the test, and the maximum score that can be obtained from the test is 34 if all questions and their
justifications are answered correctly. For example, as shown in Table 2, the maximum score obtained from the
first question is 3: the value of sub-questions in the form of listing the sample space with 3 and 4 elements, and
developing a strategy for it is one point. Some of the test questions, such as question 11, measure the meaning of
the probability that prospective teachers use. Accordingly, attention has also been paid to the scoring for these
questions. For example, students can justify the answers they give using the representativeness and binomial
distribution for the 11th question in the frequency or subjective sense of probability. Using the
representativeness and the binomial distribution for question 11, for instance, students can justify their answers
in the frequentist or subjective approach. Again, in the scoring for this question, it was scored with a total of 4
points, giving 1 point if the items 11a and 11b were answered correctly, and 1 point for each correct reasonings
of these answers. Test items that examine SCK are measured by scoring the participants’ reasonings when
answering previous related test items. For example, the student who answers correctly to item 6a states that the
game is unfair (CCK) and justifies this (SCK).

In summarizing the results, two characteristics of the test were discussed: the type of probability content
knowledge (CCK, ACK, and SCK) and the different meanings of probability (classical, frequentist, and
subjective meaning). Therefore, the findings were first examined in detail under these headings and then
explained in general. The item difficulty and item discrimination indices of the test questions were calculated
using TAP (Test Analysis Program), which is a program available free of charge. According to the results
obtained, it can be said that the difficulty levels of the test items fluctuate between 3% and 95%, and there are
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many items at different difficulty levels, and the number of correct answers decreases in the items where the
justification for the answer is desired. Table 2 below shows each question, the explanation of the question, what
type of content knowledge it measures, and what meaning of probability it highlights, item difficulty, and item
discrimination index scores.

Table.2. Item difficulty and item discrimination scores of test items

Meaning of . Item Item
probability Item  Item explanation difficulty discrimination

° la Listing sample space (3 elements) 0,95 0,13
= 1b Listing sample space (4 elements) 0,92 0,21
% Classical 1b Strategy 0,82 0,23
2 2 Comparing probabilities 0,82 0,26
f 3 Joint probability. Independent experiments. 0,86 0,23
é 4a Dependent compound experiment: Most likely result 0,79 0,51
8 Subjective  4b Dependent compound experiment: Least likely result 0,72 0,64
= 4¢ Consistency between response to 4a and 4b 0,43 0,7
1S .. ba  Estimating probability 0,26 0,32
§ Frequentist 5b Sampling variability 0,31 0,22
Classical 6a Fair game 0,93 0,08
Classical 6b Expectation 0,30 0,40

6b Strategy 0,29 0,4

_— 7 Conditional probability 0,57 0,51

& Suleetve 7 swrategy 0,50 0,57
= Classical 8 Independent compound experiment: Equiprobability 0,01 -0,03
é %9a Sampling: Total estimation 0,40 0,8
= Frequentist %9a Strategy . o 0,38 0,77
2 9b Re-sampling: Predicting a second sample 0,34 0,67
38 9b  Strategy 0,12 0,27
2 . 10 Perception of randomness 0,53 0,45
§ ;:Srﬁgijeecqg:fg 1la  Representativeness heuristics: Insensibility to 0,11 0,23
3 11b  Binomial distribution 0,20 0,34
< Frequentist 12a  Outcome approach: Predicting an average 0,57 0,41
Frequentist 12b  The validity of forecast with one contradictory 0,45 0,6
/Subjective  12c  The validity of forecast with two contradictory 0,28 0,47

- Classical 2 Cqmparison _o_f probabilities (Justific_ation) 0,61 0,41
§ 3 Joint probability: Independent experiments 0,65 0,65
59 - 4 Joint probability: Dependent experiments 0,41 0,6
gy Subjective . pair game (Justification) 0,85 0,4
é’ % 10 Perception of randomness (Justification) 0,40 0,42
= < Frequentist 1la  Representativeness heuristic (Justification) 0,03 0,08
;)-). /Subjective  11b  Representativeness heuristic: Bin. distr. 0,07 0,11
12b  Outcome approach: Validity of forecast 0,18 0,19

3. Findings

The results are summarized below according to the types of probability content knowledge of middle school
mathematics teacher candidates: CCK, ACK, and SCK. Each subheading contains an assessment of questions
that question the classical, frequentist, and subjective meanings of content knowledge type of probability.

3.1. Assessment of Common Content Knowledge (CCK)

There are 11 question items in this area, and the lowest and highest results are 0 and 11 points. In this part,
one student received 2 points, which is the lowest score, and five students managed to get 11 points, which is the
highest score. The average score was 7.79. The results obtained for this section are given below with the chart
and frequency table in Figure 1.
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30| =779 Score | Frequency | Percentage

- N 2,00 1 1,0
3,00 2 2,0
4,00 1 1,0
[_\ 5,00 7 7,1
6,00 11 11,2

7,00 17 17,3

8,00 19 19,4

104 9,00 26 26,5
10,00 9 9,2
11,00 5 51

Total 98 100,0

T T T T T J
00 2,00 4,00 6,0 10,00 12,00

Common Content K?ingwledge
Figure.l. Frequency distribution displays of the participants” CCK

In general, CCK of the classical meaning of probability is acceptable, as in Torres (2016), with an average of
7.79. The vast majority of students correctly answered questions about sample space sequencing, probabilities,
independent events, and fair play with a small number of elements. The most commonly used method for listing
the sample space is the factorial operation and the box method (the first box is for the first draw, the second box
is for the second draw). Only a small number of students did not use a systematic approach to sorting the outputs
of sample spaces with 3 and 4 elements (7 and 10 students, respectively). To achieve a solution to the second
question, students answered largely correctly (82%), going down the path of explaining the situation using
visuals, but even though there were two different correct answers, no one mentioned either of them. Some
participants tried to solve this question by creating equations and using two different unknowns as x and .
However, it can be said that they also had difficulty interpreting the result they found afterward. In question 6
(6a), students answered correctly, stating that 93% of the game was unfair. In short, it can be said that students
are good enough to understand and apply the classical meaning of probability in terms of CCK.

CCK about the frequentist meaning of probability was examined with the thumbtack question. In this item,
only a quarter of the students made a probability estimate from the experiment on the pins’ posture direction.
The correct response rate remained at 31% when it came to writing possible results that would occur by
repeating the experiment. In addition to the students (26%) who gave very inconsistent results with each other
(question 5b), there are students who wrote a possible result (question 5a) considering that the positions of the
pushpins pointing up and down as equally likely without considering the probabilities in the first experiment
(question 5a). Answers such as 50-50, 1-99, 90-10 were also found among the possible estimates requested
among the incorrect answers. In summary, it seems that the CCK about the frequency of probability is not
sufficient.

CCK of the subjective meaning of probability was studied with the trap maze question (4a, 4b, and 4c). More
than half of the students gave the correct answer (79% and 72%, respectively) to 4a and 4b items related to
dependent events. When the correct answers were examined, it was observed that they calculated the probability
for each path to the traps and multiplied these probabilities for each path separation. However, consistency was
observed to be low (43%). Some students gave the correct answer without calculating any probability, citing the
differences in the way that some of them encountered until they reached the traps. For example, they said they
are less likely to be caught in traps because there are few options (road separation). Similarly, participants
claimed that the paths to traps 5, 6, 7, and 8 were more likely to go because the path separations seem linear.
Therefore, it can be said that prospective teachers lack the subjective meaning of probability within the scope of
the CCK.

3.2. Assessment of Advanced Content Knowledge (ACK)

There are 15 question items in this area, and between 0 and 15 points are scored, and three students have
never been able to answer correctly. There are no students who manage to get 15 full points. Figure 2 below
clearly shows the scores and frequencies that students receive. The average score was 5.04.
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157 . en=sos Score | Frequency | Percentage
N=es 0,00 3 3,1
1,00 10 10,2
] 2,00 9 9,2
3,00 9 9,2
] 4,00 15 153
5,00 12 12,2
6,00 10 10,2
I 7,00 10 10,2
i 8,00 6 6,1
9,00 4 4,1
= 10,00 6 6,1
11,00 3 3,1
’T]r\ 12,00 1 1,0
o 200 00 200 400 600 800 1000 1200 Total 98 100,0
Advanced Content Knowledge (ACK)

Figure.2. Frequency distribution displays of the participants” ACK

ACK of the classical meaning of probability was examined with questions 6 and 8. In question 6, which asks
whether a game played with two dice is fair, there are few students (29%) who can explain why the game is not
fair, and only 30% of students were able to determine how much players should take for the game to turn into a
fair game. In the 8th question, which was about rolling three dice, about half of the students left the question
blank, and almost all of the others answered incorrectly. In the experiment, where they were asked to find the
triple with the highest probability, students perceived these outputs as sequential triples and therefore ranked the
dice may explain the reason for the incorrect answers given. As a result, prospective teachers’ ACK of the
classical meaning of probability is very low and needs improvement.

ACK of the frequency meaning of probability was examined with questions 9-12. In the question (9a) related
to fish number estimation, students answered 40% correctly in the sample size estimation. As for making a
second guess (9b), the ability to answer correctly is 34%. However, especially making a second guess, it has
been observed that students make predictions at random or incorrect rates, where they do not use correct
reasoning. Accordingly, it can be said that students are not sufficient to estimate the size of the universe based on
sample information. In other questions, the correct answer rate appears to be at or below moderate levels. For
example, in the 10th question, it is observed that the correct answer rate of which of the two people obtained
random results was approximately moderate, with 53%. When prospective teachers examined the wrong answers
to this question, it was observed that Baris made up the series because he wrote too many 1 or 0 sides to side, or
that Deniz’s series was more realistic when shots were examined in consecutive duos. Similarly, in the 12th
question about weather forecasting, students correctly predict how many days of the year there will be
precipitation by 57%, but in contradictory cases 1 and 2, this figure is only below average with 45% and 28%.
When the wrong answers were examined, it was observed that beyond interpreting the forecast to be good or
bad, they made predictions about how many days could be rainy.

ACK of the subjective meaning of probability can be said to be generally moderate. In question 7a, which is
related to the experiment in which two different colored dice were thrown, the answers to conditional probability
were 57% correct, but the vast majority (50%) of them were given by adhering to the definition of conditional
probability. Although they can sort all possible outcomes desired due to the experiment, some students
miscalculate the probability. In contrast, in the 11th question, in which the probability of male babies born in the
hospital was calculated, it was observed that students were insufficient (20%) to reach a solution regardless of
the sample size (11a) and with the help of binomial distribution (11b). Considering the sample size, students who
claim that within 10 or 100 births, the probability of having a baby boy will not be equal is 11%.

3.3. Assessment of Specialized Content Knowledge (SCK)

Eight items focus on all the meanings of probability within the scope of SCK, and scores can be obtained
between 0 and 8 points. All these items are questions related to the justification of the answers given to the
relevant questions. The ability to justify and explain their response indicates whether students are sufficient in
the SCK needed to teach probability. While two students receive no points at all, there are no students with full
scores. Figure 3 shows the frequencies of the scores obtained by students from the type of SCK. The average
score was 3.20.
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40 Mean = 3,20
Std g[éev =126

a0 /\ Score Frequency | Percentage
0,00 2 2,0
1,00 5 51
2,00 21 21,4

3,00 33 33,7
4,00 18 18,4
5,00 18 18,4

10 6,00 1 10
Total 98 100,0

T T T T
200 2,00 4,00 6,00 8,00

Speciaiized Content Knowledge (SCK)
Figure 3. Frequency distribution displays of the participants’ SCK

SCK of the classical meaning of probability was assessed by their justifications of the answers of questions 2
and 3. These problems have a high correct response rate with 61% and 65% with a comprehensible solution.
Therefore, it can be said that the reasons that students make about comparing probabilities and independent
experiments in common events are sufficient and that their understanding of the subject is good.

Participants’ SCK on the frequency meaning of probability was examined with items 10, 11a, 11b, and 12b,
and students were found to be at a very poor level (40%, 3%, 7%, and 18%, respectively). In summary, even if
the students answered the questions correctly, they failed to show rational and consistent reasons. For example,
since the 80-90 range was wider than the 8-9 range, it was observed that students felt the correct answer
intuitively when it came to calculating the probability of the number of male babies born in the hospital.
However, this answer was not considered correct, as it was not associated with the subject of sample size.
Similarly, for item 11b, it can be said that students intuitively give more consistent answers than 11a, but this
question is also not considered correct, as justifications that are mostly independent of the binomial distribution
are presented.

Questions in which subjective probability is examined in SCK are items of 4 and 6a. Especially in item 6a,
which examines the fair game, students’ rates showing rational and correct reasons are good at 85%. However,
this high level was not reached in question 4 (41%). Although the prospective teachers’ answers about the
likelihood of being caught in traps were highly accurate, the reasons they presented were not sufficiently
consistent or rational. The discrepancy mentioned here is that they did not offer similar justifications when
explaining how the probability of being caught in a trap is minimal or high.

3.4. General Findings

Scores range from 0 to 34. In order to get 34 points, all the answers and reasonings must be correct. In Figure
4 below, as seen in the frequency and percentage table and distribution of the participants’ scores for the total
scores, no students received full points. The lowest score is 5, and the highest score is 26.

\ean = 16 03 Score Frequency Percentage
Std. Dev. = 4,509 5,00 1 1,0
— H=g8 6,00 1 10
1287 7,00 1 1,0
8,00 2 2,0
9,00 1 1,0
10,00 5 51
007 11,00 6 6.1
1 12,00 7 7,1
— 13,00 5 5,1
- d ] 14,00 7 71
7 _ A D 15,00 9 9.2
16,00 13 13,3
H 17,00 4 4,1
18,00 7 7,1
50 1/ ] 19,00 5 51
- 20,00 3 31
21,00 5 51
254 22,00 8 8.2
' 23,00 3 31
24,00 3 3,1
25,00 1 1,0
00— : . . ‘ : . 26,00 1 10
' ls] 5,00 10,00 15,00 20,00 25,00 30,00 Total 98 100,0

Figure 4. Frequency distribution displays of the participants’ overall test results
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The box plot for content knowledge is shown in Figure 5 below. It seems that the average score of CCK is
better than others. Participants are generally acceptable in terms of CCK. Only three participants (those who
scored 2 and 3) are separated from the others and are not at an acceptable level.

ACK scores range from 0 to 12, but there are no participants with 15 full scores. Unfortunately, three
students received zero points, while ten students received 1 point. The students’ average score for ACK is 5

points, and the proportion of those who score above the average is 40%. Remedial work should be done on
learning areas at this level.

SCK with the lowest average score has an average score of 3, with about 38% of students scoring above
average. Although scores range from 0-6, there is only one student who gets six points. There are two students
with zero points and five students with one point. As can be seen from the item difficulty data at this level, the
correct response rates are acceptable, except for three items. However, the correct response rate is dramatically
low in 11a and 11b because of not-taking into account sample size and binomial distribution. Similarly, a low
correct response rate was observed in item 12b.

89
©
84
35
2 o

o b

CCK ACK SCK
Figure 5. Box plot of the participants’ knowledge level according to knowledge type

Below is a comparison of the participants’ scores in terms of the meaning of probability in the chart given in
Figure 6. When the graph is examined, it can be said that students have an acceptable average in terms of
classical meaning. Only two students were able to score well below average. In contrast, frequentist and
subjective understandings have a wider range of changes but are shown on average. In the frequentist approach
to probability, four students produced higher scores than others.

12,57 49 63
o

86
32

10,07 T T

5,0

257 4335
o

00 -

Classical Freduentist Sdbjective
Figure 6. Box plot of the participants’ scores according to the meaning of probability
4. Discussion and Conclusion
This test, adapted to Turkish, is intended to assess middle school mathematics teacher candidates’ probability

content knowledge in two dimensions (the meaning of probability and the type of content knowledge) mentioned
above. This study provides a source of information that can be applied to the development and design of courses,
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such as teaching probability topics that can be proposed for teacher candidates and reviewing the content of
statistics and probability courses.

The fact that the probability content knowledge of teacher candidates is at a low level at almost all kinds of
content knowledge, the lack of sufficient attention to probability in the secondary school mathematics program,
the relatively small percentage of probability learning space in the program compared to other learning areas,
may cause the teacher candidates not to be interested or care about the teaching of probability. Besides, some
studies claim that the beliefs of teacher candidates are also effective in knowledge of probability (Danisman, &
Tanisl, 2017). It prevents prospective teachers from having a motivation to learn more deeply about the
probability. On the other hand, applying probability only to solve the meaning of games of chance has caused
mathematics teachers to perceive probability as a sub-branch of mathematics and reflect it in this way in their
teaching. Despite all this, increasing interest in statistics has also allowed the concepts of probability to begin to
be given experimentally (Batanero, Henry, & Parzysz, 2005). Today’s exam-oriented education system and
students’ constant exposure to multiple-choice questions cause this trend of probability not to be caught and may
lead students and teachers to take probability seriously increasingly.

To establish a relationship between probability concepts and have an adequate level of understanding, we
need the teaching of probability that includes different meanings of probability. Besides, this expected
relationship between probability concepts can also be presented in different contexts than games of chance,
making the probability meaningful not only for students but also for teachers (Koparan, 2019). Similarly,
Koparan (2019) also revealed that there should be more room for simulation, games, activities, materials, and
others in probability teaching. These results suggest that it is necessary to reevaluate teaching probability
methods at both the middle/high school and undergraduate level.

Another result of this study is that the prospective teachers could not intuitively explain what they knew at an
ACK or SCK. To be associated with this result, the probability content knowledge of preservice teachers shows
similar results when examined in the context of procedural and conceptual knowledge (Ata, 2014; Kurt-Birel,
2017). The researcher revealed that the preservice teachers’ both conceptual and procedural understanding of the
different meanings of probability (theoretical, experimental, and subjective meanings) were insufficient, and
even there was a positive relationship between these two (Ata, 2014).

The findings of our study also show that the preservice teachers could not generate strategies in solving the
questions or that the strategies they presented did not differ. This result shows that the prospective teachers’
probability content knowledge is not deep at advanced and specialized types, they cannot explain the results they
found, and their understanding of the different meanings of probability is limited and at a narrow level.

When we examine the answers given by the participants to the questions examining the probability bias (11),
equiprobability bias (8), and the outcome approach (12), which are the probability misconceptions that teachers
or preservice teachers have the most problems with, we observe that the questions with the lowest points are the
questions. We can claim that the results coincide with previous literature (Bursali & Gokkurt-Ozdemir, 2019;
Hourigan & Leavy, 2019; Stohl, 2005). We can also conclude that the participants’ ACK and SCK about these
concepts are quite insufficient. The success rate below 0.05 in the question (8) about equiprobability bias may
indicate that the participants may not understand this question due to translation. When we examine our
participants’ responses to the question items (11a and 11b) related to the representation shortcut, it shows that
they could not use the binomial distribution they were expected to use for the solution or did not develop any
other strategy. Their knowledge of probability at both ACK and SCK was insufficient. Similarly, when
examining the incorrect answers given to the weather-related question (12), we can argue that the participants
were mistaken about the outcome approach. Participants tried to decide on the certainty of the event, rather than
commenting on how good it was.

As a result, we can say that preservice teachers’ probability domain knowledge is insufficient, both at
common and advanced levels and that they have a limited understanding of the different meanings of probability.
When the participants’ responses are examined, we can argue that the findings also indicate the misconceptions
previously determined in the literature. The findings obtained are that the concepts of probability and statistics
are being taught without being adequately associated (Hourigan & Leavy, 2019) and even being included as
separate learning areas in the middle school mathematics curriculum, secondary school mathematics teachers
and teacher candidates do not give enough importance to probability, students. Therefore, teacher candidates are
also It may have been caused by the fact that he was too prone to memorize within the framework of the
multiple-choice examination-based system.

4. Recommendations

According to the findings of the study, some suggestions can be made regarding the teaching of probability
in terms of middle school mathematics teaching and teacher education: First of all, the probability learning area
in the secondary school mathematics curriculum should be reconsidered in a way that includes different
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meanings of probability. This suggestion will also enable the teachers responsible for their teaching to learn
more about these topics. Besides, probability teaching should occur more in the primary and secondary school
mathematics curriculum, starting at earlier levels. As a second suggestion, the probability that prospective
mathematics teachers took at university should be reviewed by correlating the content of statistics courses,
probability and statistics concepts and highlighting the different meanings of probability. Increasing teachers’
probability content knowledge at all three levels should be determined as one of these lessons’ aims. In this
sense, these courses should provide information about the misconceptions experienced in probability teaching
and where they may arise.

Appendix 1. Probability Content Knowledge Test (Gomez-Torres et al. (2016)
Solve the following tasks, explaining your solution in writing when required to do so:

Item 1. Three boys take turns playing a video game. They have to line up in a row and wait for their turn.
Suppose the boys are called Andres, Benito and Carlos (A, B, C, for short). We want to write down all of the
possible orders in which they could play this game: for example, one possible order is BCA.

a. Write down all of the different orders. How many different ways are there altogether?
b. If four boys (A, B, C, D) want to play, how many different ways are there?

Item 2. Pablo puts 5 white balls and 7 black balls into an urn. Miguel puts 3 white balls and 5 black balls into
another urn. How many black or white balls should be moved from one urn to another if we want both children
to have the same chance of drawing a black ball? Why?

Item 3. These two fair spinners are part of a carnaval game. A player wins a
prize only when both arrows land on black after each spinner has been spun
once.

a. What is the probability of winning the game?
b. Why?

Item 4. A robot is put into a maze, which it begins to explore. At each
junction, the robot is as likely to follow any one path as any other
(however, it will not go back the way it came). There are eight traps at the
of each of the eight paths (see the picture).

a. In which trap (or traps) is the robot most likely to finish up? Why?
b. In which traps or traps is the robot least likely to finish up? Why?

Item 5. A packet of 100 drawing pins is emptied out onto a table by a teacher. Some drawing pins landed “up”

™ and some landed “down” 3 The results were as follows: 68 landed up and 32 landed down. The teacher
then asked four students to repeat the experiment. Each student emptied a packet of 100 drawing pins and got
some landing up and some landing down. In the following table, write possible results for each student:

Daniel

Martin

Diana

Maria

up:

up:

up:

up:

down:

down:

down:

down:

Item 6. Miguel and Luis play a game that involves rolling two fair dice (each numbered from 1 to 6). They roll
both dice and multiply their numbers.

» Miguel receives 1 euro if the product is an even number

* Luis receives 1 euro if the product is an odd number
a. Is this game fair? Why?
b. If Miguel receives 1 euro every time the product of both dice is even, how many euros should Luis receive
every time the product is odd if the game is to be fair?

Item 7. Two dice (one red and one blue die) are rolled, and the product of the two resulting numbers is 12. What
is the probability that one of the two numbers is a six? (We take the order of the numbers into account.)
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Item 8. When three dice are rolled simultaneously:

1.  Which of the following results is most likely?

*a5,a2,anda3

etwoSsanda3

s three 5s

* The chances of obtaining each of these results are the same
2. s one of these results less likely than the others? Which one?

Item 9. On a farm, there is a fishing pool. The owner wants to know how many fish there are in the pool. He
took out 200 fish and marked each of them with a coloured sign. He released the marked fish back into the pool
and let them get mixed in with the others. On the second day, he took out 250 fish in a random fashion and found
that, among them, 25 were marked.

1. What is the approximate number of fish in the pool?
2. If owner randomly takes 100 more fish, approximately how many will be marked?

Item 10. A teacher asked Clara and Luisa to each toss a coin 150 times and to record whether the coin landed on
heads or tails on each toss. For each “Heads,” a 1 is recorded, and for each “Tails,” a 0 is recorded. Here are the
two sets of results:

Clara: 01011001100101011011010001110001101101010110010001
01010011100110101100101100101100100101110110011011
01010010110010101100010011010110011101110101100011

Luisa: 10011101111010011100100111001000111011111101010101
11100000010001010010000010001100010100000000011001
00000001111100001101010010010011111101001100011000

One girl followed the instructions, tossing the coin on each turn; the other girl cheated and just made the
sequence up.

a. Which girl cheated?

b. How can you tell?

Item 11. In a certain town hospital, a record of the number of boys and girls born in the hospital is kept.

a. Which of these cases is more likely:
e There will be 8 or more boys among the next 10 babies born at the hospital
e There will be 80 or more boys among the next 100 babies born at the hospital
« Both results are equally likely

Explain your answer:

b. Which of these cases is more likely among the next 10 babies born at the hospital:
e There will be 7 or more boys
e Therewill be 3orlessboys
e The number of boys will be between4and 6
e These three results are equally likely
Explain your answer:

Item 12. A weather forecaster says that this year, there is a 70% chance of rain in Santiago de Compostela.

1. If this forecaster is right, how many rainy days would you expect this year in Santiago de Compostela?

2. Suppose that the forecaster said there was an 80% chance of rain this week and that it did not rain on
Monday. What would you conclude about the statement that there was a 80% chance of rain?

3. If the prediction was 80% chance of rain, but it did not rain on Monday or Tuesday, what would you
conclude?
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Ortaokul Matematik Ogretmeni Adaylarimin Olasihik Alan Bilgilerinin Olasihgin Farkh
Anlamlar1 Acisindan incelenmesi

1. Giris

Son yillarda olasilik, matematik egitiminde dikkate deger bir ilgiyi ¢ekmekte, olasilik egitimi ve dgretimine
dair c¢aligsmalar artmaktadir. Olasiligin uluslararasi alanda gordiigii bu ilgi Tiirkiye’de matematik egitimi
programlarina ve Ogretmen yetistirme programlarina da yansimaktadir. 2013 yilinda uygulanmaya baslanan
ortaokul matematik 6gretim programi olasilik konusunun ayri bir 6grenme alani olarak ele alindig1 ilk program
olmustur (Milli Egitim Bakanligi [MEB], 2013). Fakat, son giincelleme ile yayinlanan yeni ortaokul matematik
Ogretim programinda ise olasiliga ayrilan siirenin azaltildigi, olasiligin yalnizca klasik anlaminin vurgulandig ve
onceden ortaokul programinda yer alan birgok kazanimin (6rnegin, bagimli olaylarin olasiligr) da lise diizeyine
aktarildigi goriilmektedir. Olasilik 6grenme alami yalnizca bes kazanimla 8. Smuf diizeyinde, giincel ortaokul
matematik programmin yiizde 7’sini olusturmaktadir (MEB, 2018). Ilgili diizenlemenin Amerika’nin olasilik
ogretimi cergevesinde 1989, 2000 ve 2006 yillarinda yaptigi degisikliklere benzedigi agikga sdylenebilir
(Langrall, 2018). Langrall (2018) TIMMS 2015 kapsaminda bulunan iilkelerin programlarini incelediginde bu
durumun (11 yasin altindaki O&grencilere verilen olasilik &gretimi) birgok {ilkede gecerli oldugunu
aciklamaktadir. Bu acidan bir bakima, olasilik konusunda daha derin kavramsal bilgiyi lise diizeyine birakarak,
Ogretmen adaylarinin teknolojiden destek alarak (simulasyonlar, vb.) olasilikta daha c¢ok kilit kavramlarin
iizerine odaklanilmasi gerektigi fikrinin (Moore, 1997) su anda uygulanan ortaokul Ogretim programinin
icerigine yansidigi sdylenebilir. Diinya genelinde ise olasilik 6gretimi incelendiginde basit olasiliksal diisiinme
becerilerinin okul dncesi diizeyden itibaren verilmesine ragmen, matematik dgretmen adaylarinin ve hatta sinif
Ogretmeni adaylarinin iiniversite egitimleri siiresince istatistik ve olasilik 6gretimi 6zelinde ilgili egitimleri
yeterince aldiklart sdylenemez (Batanero, Godino ve Roa, 2004).

Giliniimiiz gelisen teknolojileri ve 21. ylizyil ihtiyaglarin1 dikkate aldigimizda olasilik 6gretimine olan bakisg
acisinin  giincellenmesi gerektigi goriilmektedir. Biitlin bunlarin yani sira, olasilik 6gretimi “olasiligin
karakteristik &zelliklerini, olasiliga farkli bakis agilarini (klasik, siklik¢i, 6znel ve aksiyomatik), yaygin kavram
yanilgilarini, yanlig sezgileri de icermelidir” (Estrada, Batanero ve Diaz, 2018, s. 316). Olasiliga farkli
yaklagimlar, olasilikta belirsizlik kavramiyla iligkilidir ve diger yaklagimlara (Batanero, Chernoff, Engel, Lee ve
Sanchez, 2016) nazaran temelde ii¢ farkli bakis agisiyla degerlendirilebilir: 6znel, klasik ve siklik¢i yaklagim
(Hourigan ve Leavy, 2019). Olasiligin klasik yaklasimi, 1980°lere kadar olasiligin oran yapisina odaklanan bir
Ogretimin 6n planda oldugu ve teorik olasiligin 6n plana ¢ikarildig1 yaklagimdir. Bu yaklasim iilkemizde ilkokul
ve ortaokul matematik dgretim programi ele alindiginda 6ne ¢ikan tek yaklasimdir ve baglamla iligkilendirilerek
verilebilecek 6rnek deneyleri de goz ardi etmis olmaktadir. Siklik¢1 yaklagima gore ise, olasilik bir deney ¢ok
fazla sayida tekrarlandiginda olaymn goreceli sikliklarinin limiti olarak tanimlanir ve ayni zamanda giiniimiiz
evrensel olasilik 6gretiminde en etkin yaklasimdir. Daha 6nceki 6gretim programlarimizda deneysel olasilik
olarak ortaokul diizeyinde ele alinmakta ve teorik olasilikla iligkilendirilmekteydi. Bu iliskiye, MEB’in 2018
yilinda yayinladigi ve uygulamaya gecirdigi ortadgretim matematik 6gretim programinda 11. smifta yer
verilmektedir (MEB, 2018). Oznel yaklasima gére ise, olasilik bir inanisin kisisel derecelendirmesidir, yeni bir
bilgi elde edildiginde Bayes teoremiyle giincellenebilir ve bu yaklagimin da ilkogretimde olasilik 6gretiminde
yer alabilecegi 6ne stiriilmiigtiir (Gémez-Torres, Batanero, Diaz ve Contreras, 2016). Olasiligin en temel bu ii¢
farkli yaklagiminin olasiligi 6grenme ve 6gretme iizerine g¢esitli avantaj ya da dezavantajlar1 oldugu bilinse de
(Batanero, Henry ve Parzysz, 2005), olasilik dgretiminde bu ii¢ yaklasima da yer verilmeli ve bu yaklagimlar
arasindaki karsilagtirmali iligkilerden bahsedilmelidir (Koparan, 2019). Ortaokul matematik &gretimi
programinin giincel haliyle olasilik 6grenme alani agisindan yetersizligi olasiligin yalnizca klasik anlamini 6ne
cikaran Ogretme biciminden kaynaklanmaktadir. Bu bakis agisiyla, ortaokul matematik Ogretmenlerinin
iiniversite egitimleri sirasinda olasilik bilgilerinin gelistirilmesi onlarin olasilik dgretiminde sunacagi katki igin
gereklidir. Matematik 6gretimi ve olasilik ve istatistik 6gretimi, bu iki alanin dogast geregi farkli olmalidir
(Batanero ve Diaz, 2012), ve bu farkliligi 6gretmen adaylarinin olasilik ve olasiligin 6gretimi konularinda
alacaklar1 egitimlerine yansitmak ve olasilik ve istatistik anlayiglarini gelistirmek dnemlidir (Jones ve Thornton,
2005; Stohl, 2005).

Diger 6grenme alanlarinda oldugu gibi, olasilik 6gretmek igin en temel olarak kabul géren 6gretmenin ya da
6gretmen adayinin alan bilgisidir. Bu da olasiliga dair iyi bir anlamaya sahip olmak ve sadece temel alan bilgisi
degil ileri diizeyde alan bilgisi ve uzman diizey alan bilgisine de sahip olmak demektir (Ball, Thames ve Phelps,
2008). Temel alan bilgisi, (literatiirde ortak veya yaygin alan bilgisi olarak da gegmektedir) matematik dgretmek
icin yeterli olmayan ama herhangi bir baglamda gerekli olan temel matematik bilgisidir. Buna 6rnek olarak,
cesitli matematiksel sembollerin ve gdsterimlerin bilinmesi, uygun kullanilmasi, matematiksel terminoloji bilgisi
verilebilir. fleri diizeyde alan bilgisi, Ball ve arkadaslarmin (2008) yatay alan bilgisi ismiyle literatiire
kazandirdigi, bu calismada, Gémez-Torres ve arkadaslarinin (2016) caligmalarinda oldugu gibi ileri diizeyde
alan bilgisi olarak anilacaktir, bir 6gretim programuni 6gretmek iizere ele alan 6gretmenin bir kavramin bir
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seviyede Ogretilmesinden once (ve sonra), dnceki (ve sonraki) seviyelerde bu kavramin hangi kavramlarla
iligkilendirebilecegi hakkinda bilgi sahibi olmasi demektir. Olasilik 6gretimi i¢in gereken 6gretmenlik bilgisi
acisindan yaklastigimizda, bu bilgi 6gretmenlerin olasiligin farkli anlamlari ve bu anlamlar arasindaki iliskileri
bilmesi anlamina gelir (Batanero ve ark., 2004). Gémez-Torres ve arkadaslar1 (2016) ileri diizeyde alan bilgisini
ayrica, dgrenciler ve alan hakkinda bilinmesi gereken bilgiyi de kapsayacak sekilde ele almislardir. Ugiincii
olarak olasilik 6gretmek icin gereken olasilik alan bilgisi ¢ercevesinde ele alinabilecek alan bilgisi tiirii uzman
diizey alan bilgisidir (Hill, Ball ve Schilling, 2008). Uzman diizey alan bilgisi, dgretmenin belirli bir
matematiksel kavrami derinlemesine agiklayabilmesi, belirli 6gretim yOntemleriyle verebilmesi, ilgili
matematiksel fikirlerin temsil bigcimlerini bilmesi ve agiklayabilmesi bilgisidir (Hill ve ark., 2008).

Ogretmenlerin ve dgretmen adaylarinin olasilik alan bilgilerini veya olasiliga dair anlamalarini inceleyen
calismalar siirlidir (Gomez-Torres ve ark., 2016). Bu smirliligim en biiyiik sebeplerinden biri, olasiligin
matematik 6gretim programlarinda diger konulara gérece daha az yer aliyor olmasi olabilir. Hourigan ve Leavy
(2019)’e gore, yapilan ¢aligmalar ¢gogunlukla 6gretmenlerin veya 6gretmen adaylarinin olasilik kavramlarina dair
yaygin kavram yanilgilari, hatalari, sezgisel yanilgilar (bias) veya 6grenme giicliiklerini inceleyen ¢aligmalardir.
Batanero, Godino ve Caifiizares (2005) ortaokul matematik 6gretmen adaylarinin sahip oldugu en temel iig
olasilik kavram yanilgisinin sunlar oldugunu tespit etmislerdir: Temsil kisa yolu yanlilig1 (representativeness
bias), es olasilik yanlilig1 (equiprobability bias), sonug yaklagimi (outcome approach).

Ogretmenlerin ve 6gretmen adaylarmin olasilik alan bilgilerinin incelendigi ¢aligmalara gore, katilimeilarin
olasilik ve istatistik alanlarinda diger 6grenme alanlarina goére daha zayif olduklari, olasilik anlayislarinin az
oldugu ve bu 6grenme alanlarini 6gretmeyi de digerlerine gore daha zor bulduklar1 gozlenmistir (Shaughnessy,
1977; Stohl, 2005; Quinn, 1997). Bu nedenle de istatistik ve olasilik 6grenilmesi veya kavranmasi zor olan
konulardan biri olarak goriilmektedir (Olpak, Baltaci ve Arican, 2018; Stohl, 2005). Yalnizca 6gretmek i¢in
gerecken matematik alan bilgisi degil, 6gretmenlerin ve dgretmen adaylarimin istatistik ve olasiliga tutumlarin
inceleyen (6rn. Estrada ve ark., 2018), olasiliga yonelik olarak pedagojik alan bilgilerini inceleyen (&rn.
Danisman ve Tanisli, 2017), olasilik kavramlarinda (6rn. bagimli olasilik, sans, 6rnek uzay) kavram yanilgilarini
ve olasiliga yonelik inamsglarini inceleyen (6rn. Bursali ve Gokkurt-Ozdemir, 2019; Stohl, 2005), ve olasiliga
iliskin kavramsal ve islemsel bilgi diizeylerini inceleyen (6rn. Ata, 2014; Karaaslan ve Ay, 2017; Kurt-Birel,
2017) caligmalar yer almaktadir. Ogretmen adaylarinin istatistik ve olasiliga ydnelik anlayislarini biligsel
diizeyde olcmeye yonelik bir testi geligtirme aragtirmasi da Ogretmen adaylarinin istatistiksel muhakeme
becerilerini 6lgen bir ¢alismadir (Arican ve Kuzu, 2020). Arican ve Kuzu (2020)’nun da sonug¢landirdigi gibi
Ogretmen adaylarimun istatistiksel ¢ikarimlari yapmakta zorlandiklari ve temel olasilik kavramlarini anlama ve
uygulamakta zorlandiklar1 tespit edilmistir. Genel olarak, olasiligin ortaokul matematik programindaki hacminin
digerlerine nazaran az olmasi ve zaman i¢inde yogunlugun hafifletilmesi gibi sebeplerden 6tiirii 6gretmenlerin ve
Ogretmen adaylarinin olasilik alan bilgilerini inceleyen ¢aligmalarin da benzer oranda az oldugu goriilmektedir.
Bu olasiliga verilen 6nemin de giderek azaldigini gostermektedir. Burada 6zetlenen galisma ise, olasiligin farkli
anlamlarma yonelik olarak o6gretmen adaylarinin olasilik alan bilgisinin farkli tiirlerine gore incelenmesi
agisindan énemlidir.

Ogretmen adaylarmin olasilik alan bilgilerinin degerlendirilmesi ve katilabilecekleri olasilik derslerinin
igeriginin hazirlanmasi igin ¢esitli 6lgme araglarina ihtiya¢ vardir. Bu ¢alisma, Gémez-Torres ve arkadaslart
(2016)’nin ilkokul dgretmen adaylarinin olasilik alan bilgilerini 6l¢meye yonelik gelistirdikleri testin Tiirkce’ye
uyarlanmasini ve uyarlanan testin ortaokul matematik 6gretmen adaylarinin olasilik alan bilgilerinin incelenmesi
amactyla uygulanmasini igermektedir.

Dolayistyla bu ¢aligmanin amaci, ortaokul matematik 6gretmen adaylarinin olasilik alan bilgilerini olasiligin
farkli anlamlar1 {izerine ve matematik O0gretmek icin gereken bilgi cergevesinde incelemektir. Bu amagla,
aragtirmanin sorusu su sekildedir: “Ortaokul matematik 6gretmen adaylarinin olasiligin farkli anlamlarina ve
matematik 6gretmek i¢in gereken bilgiye gore, olasilik alan bilgileri hangi diizeydedir?”

2. Yontem
2.1. Arastirmanin Modeli

Bu arastirmada, ilkogretim matematik 6gretmeni adaylarinin matematik ve matematik dgretmeye yonelik
kaygi diizeylerinin, bu kaygilar arasinda anlamli bir iliski olup olmadiginin ve varsa matematik kaygisinin
matematik O6gretme kaygisin1 yordayip yormadiginin belirlenmesi amaglanmistir. Bu amagla aragtirmanin
modeli, betimleyici istatistiklerin yer aldigi tekil taramayi ve degiskenler arasindaki iligkinin belirlenmesi
amactyla yapilan iligkisel taramayi igine alan genel tarama modeli olarak segilmistir. Ciinkii genel tarama
modelleri, ¢ok sayida elemandan olusan bir evrende, evren hakkinda genel bir yargiya varmak amaci ile evrenin
tiimi ya da ondan alinacak bir 6rneklem {izerinde yapilan tarama diizenlemeleridir (Karasar, 2009).
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2.2. Calisma Grubu

Arastirmada uygun durum &rneklemesi kullanilmigtir. Uygun durum &rneklemesinde arastirma yapilacak
birey ya da gruplarin arastirma siirecine dahil edilmesinin daha kolay ya da bunlara daha kolay ulasilabilir
olmasiyla ilgilidir (Ekiz, 2015). 2018-2019 egitim-6gretim y1l1 giiz déneminde arastirmacilarin gérev yapmakta
olan toplam 378 G6gretmen adayi ile yiiriitilmistiir. Ancak eksik ya da yanlis doldurulan ve ug¢ deger temizligi
nedeniyle ¢ikarilan veriler nedeniyle 307 dgretmen adayinin verisi bu ¢aligmaya kaynaklik etmistir. Buna gore
307 6gretmen adayinin smif ve cinsiyet bazinda dagilimi Tablo 1’de verilmistir.

Tablo 1. Caligma grubunun sinif ve cinsiyet bazinda dagilimi

Sumif Kiz Erkek Toplam
N % N % N %
1. Simf 62 77 18 23 80 26
2. Simf 41 79 11 21 52 17
3. Simf 68 82 15 18 83 27
4. Simif 75 82 17 18 92 30
Toplam 246 80 61 20 307 100

Tablo 1 incelendiginde ¢alisma grubunun cinsiyete gore; 246’smin kiz (%80) ve 61’inin erkek (%20) ve
smif diizeyine gore 80’inin 1. sinif (%26), 52’sinin 2. sinif (%17), 82’sinin 3. Sinif (%27) ve 92’sinin 4. Sinif
(%30) diizeyinde oldugu goriilmektedir.

2.3. Veri Toplama Araclan

_ Aragtirmada veriler “Ogretmen ve Ogretmen Adaylarma Yonelik Matematik Kayg1 Olgegi” ile “Matematik
Ogretmeye Yonelik Kaygi Olgegi’nden es zamanli olarak toplanmistir.

Uldas (2005) tarafindan &gretmen ve &gretmen adaylarinin matematige yonelik kaygi diizeylerini ortaya
koyma amaciyla gelistirilen 6lgek 4°1i likert tipinde olup 39 madde ve 7 boyuttan olusmaktadir. Bu boyutlar
strasiyla matematik anlama kaygisi, matematik anlatma kaygisi, problem ¢6zme kaygisi, aritmetik islem kaygisi,
matematiksel Oz-yeterlik kaygisi, matematiksel yorumlama kaygisi ve matematiksel hata yapma kaygisi
seklindedir. Uldas (2005), Olgegin giivenirlik calismasi icin Cronbach Alpha katsayisini 0.95, ilgili arastirma
icin bu deger 0.88 olarak hesaplanmustir. Olgekten alinacak en diisiik puan 39, en yiiksek puan 156 puandir.

Aragtirmada kullamlan bir diger 6lgek ise Matematik Ogretmeye Yonelik Kaygi Olgegidir. Bu 6lgek Peker
(2006) tarafindan matematik ve smif 6gretmen adaylarinin matematik dgretmeye yonelik kaygi diizeylerinin
belirlenmesi amaciyla gelistirilmistir. Olgek 5°1i likert tipinde olup 4 boyut ve 23 maddeden olusmaktadir. Bu
boyutlar sirasiyla alan bilgisi kaynakli kaygi, 6z-giiven kaynakli kaygi, matematigi 6gretmeye yonelik tutum
kaynakli kaygi ve alan egitimi bilgisi kaynakli kaygi seklindedir. Peker (2006) o6l¢egin Cronbach Alpha
giivenirlik katsayistm 0.91, ilgili arastirma igin bu deger aynmi sekilde 0.91 olarak bulunmustur. Olgekten
almabilecek en yiiksek puan 115 ve en diigiik puan ise 23’tiir.

Yine ayni sekilde dlgekten alinan puanin yiiksek olmasi dgretmen adayinin matematik 6gretmeye yonelik
kayg diizeyinin yiiksek oldugunu gostermektedir. Ogretmen ve Ogretmen Adaylara Y6nelik Matematik Kayg1
Olgegine ait maddelerin hepsi de olumlu iken Matematik Ogretmeye Yonelik Kaygi Olcegine ait maddelerin ilk
10 tanesi olumsuz, kalan 13 tanesi ise olumludur. Dolayisiyla veriler kodlanirken ters madde kodlamasi
yapilmistir.

2.4. Verilerin Analizi

Ogretmen ve Ogretmen Adaylarina Yoénelik Matematik Kaygi Olgegi ile Matematik Ogretmeye Yonelik
Kaygi Olcegi’nden elde edilen veriler SPSS 22 istatistik paket programu ile analize tabi tutulmustur. Analize 378
veri ile baglanmig ancak ilk asamada eksik, yanlis ve doldurulmayan 23 veri 6lgekten ¢ikarilmistir. Daha sonra
verilerin normallik analizi i¢in Mahallonobis uzaklik degerleri ve Box-Plot teknigi kullanilmig, 25 veri
Mabhallonobis uzakligir ve 23 veri de u¢ deger olarak tespit edilmistir. Boylelikle toplam 71 veri analizden
cikarilarak aragtirmaya 307 veri ile devam edilmistir. Geriye kalan verilere ait Kolmogorov-Simirnov anlamlilik
(p) degerleri Matematik Kayg1 Olgegi igin 0.64 ve Matematik Ogretmeye Yonelik Kaygr Olgegi igin ise 0.69
¢ikmis ve bu deger p=0.05 anlamlilik degerinden biiyiik oldugu igin verilerin normal dagildig: tespit edilmistir.
Dolayisiyla analizlerde parametrik testler kullanilmistir.

[Ikdgretim matematik dgretmen adaylarinin matematige ydnelik kaygi diizeylerinin alt boyutlara gore
durumunu belirlemek amaciyla ilk olarak ortalama ve standart sapma degerleri hesaplanmistir. Ancak boyutlar
arasinda tespit edilen puan farkliliginin yani kaygi durumlar1 arasindaki farkin kiyaslanabilmesi ve bu farkin
istatistiksel olarak anlamli olup olmadiginin tespit edilmesi i¢in tekrarli Olglimler icin ANOVA testi
uygulanmistir. Bu testin varsayimlarindan biri olan kiiresellik varsayimi saglanmadigi i¢in raporlamada
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Greenhouse and Geisser diizeltmesinden elde edilen F degeri kullanilmistir. Tlk&gretim matematik 6gretmeni
adaylarimin her iki kaygi dlgeginden aldiklar1 puanlarin simf diizeyine gore farklilik gosterip gostermedigini
belirlemek igin parametrik test olan ANOVA testi kullanilmigtir. ANOVA testinin 6nemli kosullarindan biri olan
varyans homojenligi incelendiginde “Levene Testi”nin her iki 6l¢egin her alt boyutunda homojenlik sartini
yerine getirdigi tespit edilmistir. Arastirmanin bir diger problemi olan matematik kaygis1 ve matematik 6gretme
kaygis1 arasindaki iligkiyi tespit etmek i¢in de Pearson Korelasyon analizi yapilmistir. Son olarak ilkdgretim
matematik 6gretmeni adaylarinin matematik kaygilarinin, matematik &gretmeye yonelik kaygilarini yordayip
yordamadigimi belirlemek amaciyla Basit Dogrusal Regresyon analizi kullanilmistir. Regresyon analizi
oncesinde ¢oklu baglant1 problemine iliskin analizler yapilmig ve herhangi bir ¢oklu baglanti sorunu olmadig1
belirlenmistir.

Matematige yonelik kaygi dlgeginden alinacak en diisiik puan 1, en yiiksek alinacak puan 5°tir. Burada
alinacak diisiik puan diisiik kaygryr gostermektedir. Olgek besli likert tipinde oldugundan arastirmacilar
tarafindan bes diizey kullanimi tercih edilmistir. Buna goére diizey araliklari su sekilde belirlenmistir. 1.00-1.80
arast “kesinlikle katilmiyorum”, 1.81-2.60 arasi puan “katilmiyorum”, 2.61-3.40 arasi puan “kararsizzim” ve
3.41-4.20 arasi1 puan “katiltyorum” ve 4.20-5.00 aras1 “kesinlikle katiliyorum” seklindedir. Matematik 6gretmeye
yonelik kaygi 6l¢eginden en diisiikk alinacak puan 1 en yiiksek alinacak puan 4’tiir. Aynt sekilde bir dnceki
Olgekte oldugu gibi alinacak disiik puan diigiik kaygiyr gostermektedir. Ayrica dlgek dortlit likert tipinde
oldugundan aragtirmacilar tarafindan dort diizey kullanimi tercih edilmistir. Buna gore diizey araliklari su sekilde
belirlenmistir. 1.00-1.75 aras1 “endige duymam”, 1.76-2.50 arasi puan “az endise duyarim”, 2.51-3.25 arasi puan
“endise duyarim” ve 3.26-4.00 arasi puan “¢ok endise duyarim” seklindedir.

2. Yontem

Bu calisma, matematik 6gretmen adaylariin olasilik alan bilgilerinin hangi diizeyde oldugunu incelemek
lizere bir testin uyarlamasi ve uygulanmasini i¢erdigi i¢in bir tarama arastirmasidir. Tarama arastirmasi, bir
olgunun cesitli degiskenler ya da faktorler uyarinca incelenmesi ve elde edilen bulgularin bu degiskenlere gore
analiz edilmesini igerir (Fraenkel ve Wallen, 2006; Karasar, 2005).

2.1. Katilimcilar

Calismaya Mersin Universitesi Egitim Fakiiltesinde 6grenim gérmekte olan 42’si 3. simf olmak iizere 3. ve
4. smif diizeyinde 98 ilkdgretim matematik 0gretmen adayr katilmistir. Katilimeilar, ilkogretim matematik
Ogretmenligi giiz ve bahar lisans programinda yer alan 2 saati teorik 2 saati uygulamali verilen istatistik ve
olasilik derslerini almis olan dgrencilerden segilmistir. 2018-2019 akademik yilinda Yiiksek Ogretim Kurumu
(YOK) tarafindan diizenlenen egitim fakiilteleri programlarinda giiz doneminde iki saatlik olasilik dersi ve bahar
doneminde iki saatlik istatistik dersi bulunmaktadir ve dncekine gore saat sayisi yartya diistirilmiistiir. Ders
iceriginde degisiklik yapilmanustir. Igerik genel olarak; sayma (kurallar, permiitasyon, kombinasyon), olasiliga
giris, rasgele degiskenler ve dagilimlari, kesikli ve siirekli olasilik dagilimlari, veri analizi, giiven araliklari ve
hipotez testleri, korelasyon, regresyon seklindedir.

2.2. Veri Toplama Araci

Bu calismada, Gémez-Torres ve arkadaslari (2016)’nin hazirladig1 testin Tiirk¢e’ye uyarlanmasi {izerine
calisitlmis ve ortaokul matematik Ogretmeni adaylarina olasilik alan bilgilerini 6lgmek {izere uygulanmustir.
Tiirkge’ye gevrilerek katilimcilara uygulanan test agik uglu sorulardan olugmaktadir. Testi hazirlarken soru
maddelerinin 6n plana ¢ikardigi olasiligin farkli ii¢ anlami da dikkate alinmigtir (Batanero ve ark., 2005).
Arastirma ekibi, c¢aligmalarinin sonucu olarak 12 maddelik bir testi gelistirmis, alan bilgisinin farkl
bilesenleriyle ve olasiligin farkli anlamlartyla beraber gegerli ve giivenilir bir bicimde olasilik alan bilgisini
Olgtiigiinii agiklamig (Cronbach alpha = 0,768) ve Ogretmen adaylarina uygulayarak onlarin olasilik alan
bilgilerini de incelemislerdir (Gomez-Torres ve ark., 2016). Testin Tiirk¢e versiyonu i¢in cronbach alpha degeri
0,82 olarak elde edilmistir.

Bu test i¢in secilen 12 madde Azcarate (1995), Batanero, Garfield ve Serrano (1996), Chernoff (2011), Diaz
ve Batanero (2009), Falk ve Wilkening (1998), Fischbein ve Gazit (1984), Green (1982, 1983) ve Shaughnessy
ve Ciancetta (2002)’min ¢alismalarindan alinan, Ispanyolca’ya terciime edilen ve uyarlanan, temel olasilik
kavramlar1 dahil, bagimli-bagimsiz olaylar, olasiligin tahmini, kosullu olasilik, 6rnekleme, es olasilikli olaylar,
binom dagilimi gibi olasilik kavramlarimi icermektedir. Testte yer alan sorularin hangi alan bilgisi ¢esidini
degerlendirdigi ve olasiligin hangi yaklasimini 6n plana cikardigi asagidaki tabloda gosterilmektedir. Testin
tamami, ¢aligmanin sonunda Ek 1°de yer almaktadir.
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Tablo 1. Test sorularinin degerlendirdigi alan bilgisi tiirii ve olasiligin 6ne ¢ikan anlami

Temel Alan Bilgisi Olasiligin anlami Soru numarast
Olasi sonuglarin listelenmesi Klasik 1

Olasiliklarin karsilagtirilmasi Klasik 2

Bilesik olasilik (¢arpma kuralt): Bagimsiz olaylar Klasik 3

Bilesik olasilik (¢arpma kurali): Bagimli olaylar Oznel 4

Olasiligin tahmini Siklike1 5

Adil oyun Klasik 6a

lleri Diizeyde Alan Bilgisi

Beklenti Klasik 6b

Kosullu olasilik Oznel 7

Esit olasilikli olaylarda yanlilik Klasik 8

Ornekleme Siklike1 9

Rasgeleligin algilanmasi Siklik¢1/Oznel 10

Temsil kisa yolu Siklik¢1/Oznel 1la

Binom dagilim1 Siklike1/Oznel 11b

Cikt1 yaklagimi: Tahmin Siklike1 12a

Cikt1 yaklagimi: Tahmin gegerliligi Siklik¢1/Oznel 12b,c

Uzman Diizey Alan Bilgisi 2, 3, 4, 6a, 10, 11a,

11b, 12b sorularinda
tartisma boliimleri

Katilimeilara uygulanan test iki oturumda toplanmustir, birinci oturum 2017-2018 Akademik Yili’nda
Ogrenim goren ilkogretim matematik 6gretmeni adaylari 63 kisilik 3. ve 4. Sinif 6grenci grubuyla yapilabilmistir.
Daha sonra drneklemin genisletilmesi karar alinmig ve bu nedenle, ikinci oturum, 2019-2020 Akademik Y1li’nda
Ogrenim goren 4. Sinif 6grencilerine de uygulanmustir.

2.3. Veri Analizi

Testin uygulanmasi ile elde edilen veri, testi gelistiren Gomez-Torres ve arkadaslari (2016)’nin uyguladiklar
bi¢cimde puanlanmis ve testten alinabilecek maksimum puan biitiin sorulara ve onlarin gerekgelerine dogru cevap
verildigi takdirde 34’tiir. Ornegin, Tablo 2’de goriildiigii gibi, ilk sorudan alinabilecek maksimum puan 3’tiir: 3
ve 4 elemanli 6rnek uzayi listeleyebilme ve bunun igin bir strateji gelistirebilme seklinde alt sorularin degeri
birer puandir. Testte yer alan sorulardan bazilari, 6rnegin 11. soru, 6gretmen adaylarinin olasiligin hangi
anlamini kullandiklarini 6l¢gmektedir. Buna gore bu sorular igin yapilan puanlamada buna da dikkat edilmistir.
Ogrenciler, 6rnegin 11. soru igin temsil kisa yolu ve binom dagilimini kullanarak verecekleri cevaplari olasiligin
siklik¢i ya da 6znel anlamiyla gerekcelendirebilirler. Yine bu soru icin yapilan puanlamada, 1la ve 11b
maddelerinin dogru cevaplanmasi halinde ler puan ve bu cevaplarin dogru gerekgeleri igin de ler puan verilerek
toplam 4 puanla 6l¢iilmiistiir. Uzman diizey alan bilgisini dlgen test maddeleri, daha 6nceki test maddelerini
cevaplarken katilimcilarin sunduklar1 gerekcelerin puanlanmasiyla 6lgiilmektedir. Ornegin, 6a maddesini
cevaplayan 6grenci, oyunun adil olmadigint belirtir (temel diizey alan bilgisi) ve bu cevab1 gerekcelendirir
(uzman diizey alan bilgisi).

Bulgular 6zetlenirken testin iki 6zelligi ele alinmistir: Olasilik alan bilgisi tiirii (temel diizeyde alan bilgisi,
ileri diizeyde alan bilgisi ve uzman diizey alan bilgisi) ve olasiligin farkli anlamlar (klasik anlami, sikliket
anlami ve 6znel anlami). Dolayisiyla bulgular 6ncelikle bu bagliklar altinda detayli incelenecek ve daha sonra
genel olarak agiklanacaktir. Testte yer alan sorularin madde giigliigii ve madde ayirt edicilik indeksleri ticretsiz
olan TAP (Test Analysis Program) ile hesaplanmistir. Elde edilen sonuglara gore test maddelerinin zorluk
seviyelerinin %3 ile %95 arasinda seyrettigi ve farkli zorluk seviyelerinde birgok soru maddesinin oldugu ve
cevap i¢in gerekge istenen maddelerde dogru cevap sayisinin azaldigr sdylenebilir. Asagida verilen Tablo 2°de
her bir soru, sorunun agiklamasi, hangi tip alan bilgisini 6l¢tiigii ve olasiligin hangi anlamini 6n plana ¢ikardigi,
madde gii¢liigii ve madde ayirt edicilik indeks puanlari goriilmektedir.
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Tablo 2. Test maddelerinin madde giiliigli ve madde ayirt edicilik indeksi puanlari

Olasihgin Madde  Madde ayirt
Anlami 07U Soru Agiklamas: Giicliigii _edicilik indeksi
la 3 elemanli 6rnek uzayin siralanmasi 0,95 0,13
z 1b 4 elemanli 6rnek uzayin siralanmast 0,92 0,21
=  Klasik 1b  Strateji 0,82 0,23
ﬁ 2 Olasiliklarin karsilagtirilmasi 0,82 0,26
c:; 3 Ortak olasilik. Bagimsiz olaylar 0,86 0,23
z 4a Bagimli bilesik olaylar. En yiiksek olasilik 0,79 0,51
= Oznel 4h Bagimli bilesik olaylar. En diisiik olasilik 0,72 0,64
% 4c 4a ve 4b cevaplari arasindaki tutarlilik 0,43 0,7
§ Sikliker 5a Qlasﬂlk tahmin etme 0,26 0,32
= 5b Orneklem degisebilirligi 0,31 0,22
Klasik 6a Adil oyun 0,93 0,08
Klasik 6b Umutj!BekIenti 0,30 0,40
6b Strateji 0,29 0,4
Oznel 7 Kosullu olasilik 0,57 0,51
- 7 Strateji 0,50 0,57
=) Klasik 8 Bagimsiz bilesik olaylar, Es olasilik yanlilig 0,01 -0,03
& 9a Orneklem biiyilikliigiinii tahmin etme 0,40 0,8
E Sk 9a  Strateji 0,38 0,77
i e 9b Ikinci 6rneklemi tahmin etme 0,34 0,67
S 9b  Strateji 0,12 0,27
:e Siklikel/ 10 I}astgeleligi anlama 0,53 0,45
E, Oznel 1la Orneklem biyiikliigiinii dikkate almama 0,11 0,23
= 11b  Binom dagilimi 0,20 0,34
Sikhik¢1 12a  Ortalama tahmini 0,57 0,41
Sikhikey/ 12b  Bir geliskili gozleme sahip tahminin gecerliligi 0,45 0,6
Oznel 12¢ ki geliskili gdzleme sahip tahminin gecerliligi 0,28 0,47
= Klasik 2 Olasiliklarin kargilastiriimasi - Gerekge 0,61 0,41
= 3 Ortak olasilik: Bagimsiz olaylar - Gerekge 0,65 0,65
; _ Oznel 4 Ortak olasilik: Bagimli olaylar - Gerekge 0,41 0,6
S g 6a Adil oyun - Gerekge 0,85 0,4
a P 10 Rasgeleligi algilama - Gerekge 0,40 0,42
g Sl_!(llkg:l/ 1la Temsil kisa yolu - Gerekge 0,03 0,08
S Oznel 11b  Temsil kisa yolu: binom dagilimi - Gerekge 0,07 0,11
12b  Sonug yaklagimi - Gerekge 0,18 0,19
3. Bulgular

Bulgular, ilkogretim matematik Sgretmeni adaylarinin olasilik alan bilgilerinin tiirlerine gore asagida
Ozetlenmistir: temel diizey alan bilgisi, ileri diizey alan bilgisi ve uzman diizey alan bilgisi. Her bir alt baslik
altinda alan bilgisi tiirii olasiligin klasik, siklik¢1 ve 6znel anlamlarini sorgulayan sorularin degerlendirmesi yer

almaktadir.

3.1.Temel Diizey Alan Bilgisinin incelenmesi

Bu alanda 11 soru maddesi bulunmaktadir ve en diisiik ve en yiiksek sonuglar O ve 11 puandir. Bu kisimda 1
Ogrenci en diisiik puan olan 2 puan almistir ve 5 6grenci en yiliksek puan olan 11 puan almay1 basarmistir.
Puanlarin ortalamasi 7,79 olarak elde edilmistir. Bu béliimle ilgili elde edilen sonuclar asagida Sekil 1’de yer
alan grafik ve frekans tablosu ile verilmistir.
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S e Puan Frekans | Yiizde
] 2,00 1 1,0
3,00 2 2,0
4,00 1 10
[_\ 5,00 7 7,1
6,00 11 11,2
7,00 17 17,3
o 8,00 19 19,4
9,00 26 26,5
10,00 9 9,2
11,00 5 51
Toplam 98 100,0

Temel Diizey Alan Bilgisi
Sekil 1. Katilimcilarin temel diizey alan bilgisi puanlarin1 gosteren frekans dagilimi ve tablosu

Genel olarak olasiligin klasik anlamina iliskin temel diizey alan bilgisi 7,79 ortalama ile, Torres (2016)’de
oldugu gibi kabul edilebilir diizeydedir. Ogrencilerin biiyiik ¢ogunlugu az sayida elemana sahip drnek uzayn
stralanmasi, olasiliklar, bagimsiz olaylar ve adil oyun ile ilgili sorular1 dogru cevaplandirmislardir. Ornek uzay:
listelemek igin en ¢ok kullanilan yontem faktoriyel islemi ve kutu yontemi (birinci kutu birinci gekilisi, ikinci
kutu ikinci ¢ekilisi, vb.) olarak sdylenebilir. Yalnizca az sayida 6grenci 3 ve 4 elemanli 6rnek uzayin giktilarinin
siralanmasi konusunda (sirasiyla 7 ve 10 dgrenci) ¢oziime ulagsmak icin sistematik bir yaklasim kullanmamuistir.
Ikinci sorunun ¢dziimiine ulasmak icin 6grenciler durumu gorsel kullanarak agiklama yoluna giderek biiyiik
oranda dogru cevap vermislerdir (%82), fakat iki farkli dogru cevap olmasimna ragmen bunun ikisinden de
bahseden olmamigtir. Katilimcilar arasinda bu soruyu denklem kurarak ve x ve y seklinde iki farkli bilinmeyen
kullanarak ¢6zmeye c¢alisanlar bulunmaktadir. Fakat, bulduklari sonucu sonrasinda yorumlamada da zorluk
cektikleri sOylenebilir. 6. soruda (6a) ise Ogrenciler %93 oraninda oyunun adil olmadigim belirterek dogru
cevaplamiglardir. Kisaca, grencilerin temel diizey alan bilgisi agisindan olasiligin klasik anlamini kavramada ve
uygulamada yeterince iyi olduklari sdylenebilir.

Olasiligin siklik¢r anlamina iliskin temel diizey alan bilgisi raptiye sorusu ile incelenmistir. Bu maddede
6grencilerin sadece dortte biri raptiyelerin durus yoniine iligskin yapilan deneyden bir olasilik tahmini yapmustir.
Dogal olarak deneyin tekrari ile meydana gelecek olasi sonuglar yazma konusunda da dogru cevap orani %31°de
kalmustir. Birbiri ile ¢ok tutarsiz sonuglar (soru 5b) veren ogrencilerin (%26) yani sira ilk yapilan deneydeki
olasiliklar1 goz Online almadan raptiyelerin yukari ve asagl yonii gosterme durumlarmin esit olasiliga sahip
oldugunu diisiinerek olast sonug yazan (soru 5a) dgrenciler (%31) de bulunmaktadir. Yanlis cevaplar arasinda
istenen olas1 tahminler arasinda 50-50, 1-99, 90-10 gibi cevaplara da rastlanmustir. Ozetle, olasihigin siklikg1
anlamina iligkin temel diizey alan bilgisinin yeterli olmadig: goriilmektedir.

Olasiligin 6znel anlamina iliskin temel diizey alan bilgisi tuzakli labirent sorusu (4a, 4b ve 4c) ile
incelenmistir. Ogrencilerin yarisindan ¢ogu bagimli olaylara iliskin 4a ve 4b maddelerine dogru cevap (sirastyla
%79 ve %72 oraninda) vermislerdir. Dogru cevaplar incelendiginde tuzaklara giden her yol igin olasilig
hesapladiklar1 ve her yol ayrimi i¢in bu olasiliklari garptiklart gozlenmistir. Ancak bu maddelere verilen cevaplar
karsilastirildiginda tutarliligin  diisiik oldugu goézlenmistir (%43). Bazi1 &grenciler herhangi bir olasilik
hesaplamadan dogru cevabi verirken bir kismi tuzaklara varana kadar karsilasilan yol ayrimlarimi gerekge
gostererek dogru cevabi vermislerdir. Ornedin, segenek (yol ayrimi) az oldugu igin tuzaklara yakalanma
olasiligimin daha az oldugunu sdylemislerdir. Yine benzer sekilde, 5, 6, 7 ve 8 numarali tuzaklara giden yollarin,
yol ayrimlar1 daha dogrusal durdugu icin gitme olasiliginin fazla oldugunu iddia eden katilimcilar gézlenmistir.
Dolayistyla, 6grencilerin temel diizeyde alan bilgisi kapsaminda olasiliin 6znel anlamina yonelik eksikleri
oldugu soylenebilir.

3.2.1leri Diizeyde Alan Bilgisinin incelenmesi

Bu alanda 15 soru maddesi bulunmaktadir ve 0 ile 15 puan arasinda puan alinmaktadir ve 3 6grenci hi¢ dogru
cevap verememistir. 15 tam puan almay1 basaran Ogrenci yoktur. Asagida verilen Sekil 2’de 6grencilerin
aldiklar1 puanlar ve frekanslar1 agikca goriilmektedir. Ortalama puan 5,04 olarak elde edilmistir.
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ileri Diizey Alan Bilgisi
Sekil 2. Katilimcilarin ileri diizey alan bilgisi puanlarini gosteren frekans dagilimi ve tablosu

Olasiligi klasik anlamina iliskin ileri diizey alan bilgisi 6 ve 8. sorularla incelenmistir. iki zarla oynanan bir
oyunun adil olup olmadigini soran 6. soruda, oyunun neden adil olmadigin gerekgesiyle birlikte agiklayabilen
ogrenciler (%29) azdir ve 6grencilerin sadece %30°u oyunun adil bir oyuna doniismesi i¢in oyuncularin ne kadar
almalar1 gerektigini belirleyebilmislerdir. 3 zarin yuvarlanmasi ile ilgili olan 8. soruda ise 6grencilerin yaklasik
yarist soruyu bos birakmis geriye kalanlarin ise hemen hemen tiimii yanlis cevap vermislerdir. En yiiksek
olasiliga sahip ¢liyli bulmalart istenen deneyde, dgrencilerin bu ¢iktilart sirali digliller olarak algilamasi ve
dolayisiyla zarlar1 da siralamalari verilen yanlis cevaplarin sebebini agikliyor olabilir. Sonug olarak, 6grencilerin
olasiligin klasik anlamina iliskin ileri diizey alan bilgisi ¢ok diisiik diizeydedir ve gelistirilmesi gerekmektedir.

Olasiligin siklik¢1 anlamina iliskin ileri diizey alan bilgisi 9-12. sorularla incelenmistir. Balik sayisi tahmin
etme ile ilgili olan soruda (9a) Ogrenciler orneklem biiyiikligii tahmininde %40 oraninda dogru cevap
verebilmislerdir. Ikinci bir tahmin yapma konusunda (9b) dogru cevap verebilme oram %34 oramindadir. Ancak
ozellikle ikinci bir tahmin yapma konusunda &grencilerin dogru bir akil yiiriitme kullanmadiklar1 rasgele veya
yanlig oranlarla tahmin yaptiklar1 gézlenmistir. Buna gore 6grencilerin 6rneklem bilgilerinden hareketle evren
biiyiikliigiinii tahmin etmede yeterli olmadiklar1 sdylenebilir. Diger sorularda da dogru cevap oraninin orta
seviyelerde veya altinda oldugu goriilmektedir. Ornegin 10. soruda &grencilerin iki kisiden hangisinin rasgele
sonuglar elde ettigini dogru cevaplama orani1 %53 ile yaklasik orta diizeyde oldugu goriilmektedir. Ogrencilerin
bu soruya verdikleri yanlis cevaplar incelendiginde, Baris’in ¢ok fazla 1 veya 0’1 yan yana yazmasindan otiirii
seriyi uydurdugu veya pes pese ikililer halinde atislar incelendiginde Deniz’in serisinin daha ger¢ekei olduguna
dair yorumlar yaptiklar1 gériilmiistiir. Benzer sekilde hava tahmini ile ilgili olan 12. soruda, 6grenciler yilin kag
giinii yagis olacagini %57 oraninda dogru tahmin etmelerine karsin 1 ve 2 geliskili durumlarda bu oranin sadece
%45 ve %28 ile orta diizeyin altinda oldugu goriilmektedir. Yanlis cevaplar incelendiginde, tahminin iyi ya da
kot oldugunu yorumlamanin otesinde, ka¢ giliniin yagisli olabilecegine dair tahminlerde bulunduklari
gozlenmistir.

Olasiligi 6znel anlamina iliskin ileri diizey alan bilgisinin genel olarak orta diizeyde oldugu soylenebilir. ki
farkli renkteki zarin atildig1 deneyle ilgili olan 7a sorusunda kosullu olasiliga iliskin cevaplar %57 oraninda
dogru olmakla beraber bunlarin biiyiik ¢ogunlugu (%50) kosullu olasilik tanimina bagl kalinarak verilmistir.
Deney sonucu istenen olasi biitiin ¢iktilar1 siralayabilmelerine ragmen, olasiligi yanlis hesaplayan 6grenciler
bulunmaktadir. Buna karsilik, hastanede dogan erkek bebeklerin olasiliklarinin hesaplanmasi istenen 11. soruda
ogrencilerin 6rneklem biiyiikliigiinden bagimsiz olarak (11a) ve binom dagilimi yardimiyla (11b) ¢dziime ulagsma
konusunda yetersiz olduklar1 (%20) gdzlenmistir. Orneklem biiyiikliigiinii dikkate alarak, 10 ya da 100 dogum
i¢inde, erkek bebek olmasi olasiliginin esit olmayacagini iddia eden 6grenciler %11 oranindadir.

3.2. Uzman Diizey Alan Bilgisinin incelenmesi

Uzman diizey alan bilgisi kapsaminda olasiligin biitiin anlamlarini igeren 8 soru maddesi bulunmakta ve 0 ile
8 puan arasinda puan alinabilmektedir. Biitin bu soru maddeleri ilgili sorulara verilen cevaplarin
gerekcelendirilmesi ile ilgili sorulardir. Bu gerekcelendirmeyi yapabilme ve verdikleri cevabi agiklayabilme
ogrencilerin olasilik 6gretimi igin gerekli olan uzman diizey alan bilgisi konusunda yeterli olup olmadiklar
konusunda fikir vermektedir. iki 6grenci hig puan alamazken, tam puan alan dgrenci bulunmamaktadir. Asagida
verilen Sekil.3’te ogrencilerin uzman diizey alan bilgisi tiriinden elde ettikleri puanlarin frekanslar
goriilmektedir. Ortalama puan 3,20 olarak elde edilmistir.
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Uzman Diizey Alan Bilgisi
Sekil 3. Katilimcilarin uzman diizey alan bilgisi puanlarin1 gosteren frekans dagilimi ve tablosu

Olasiligin klasik anlamina iligkin uzman diizey alan bilgisi 2 ve 3. sorularda verilen cevaplarin
gerekgelendirilmesi ile incelenmistir. Yiiksek dogru cevap oranina sahip bu problemler, sirastyla %61 ve %65
oraninda anlagilir bir ¢6ziime ve gerekgelendirmeye sahiptir. Dolayisiyla, 6grencilerin olasiliklar1 karsilastirma
ve ortak olaylarda bagimsiz deneyler konusunda yaptiklar1 gerekgelerinin yeterli oldugu ve konuyla ilgili
anlamalariin iyi diizeyde oldugu sdylenebilir.

Olasiligin siklik¢1 anlamina iliskin katilimeilarin uzman diizey alan bilgisi 10, 11a, 11b ve 12b maddeleri ile
incelenmis ve dgrencilerin ¢ok zayif diizeyde oldugu (sirastyla %40, %3, %7 ve %18) goriilmiistir. Ozetle,
ogrenciler sorular1 dogru cevaplamus olsalar bile akilci ve tutarli gerekceler gosterememislerdir. Ornegin, 80-90
araligi, 8-9 araligindan daha genis oldugu icin, hastanede dogan erkek bebek sayisinin olasiliginin hesaplanmasi
konusunda o6grencilerin sezgisel olarak dogru cevabi hissettikleri gozlenmistir. Fakat bu cevap orneklem
biiyiikliigii konusuyla iliskilendirilmedigi i¢in dogru kabul edilmemistir. Benzer sekilde 11b maddesi igin,
ogrencilerin sezgisel olarak 11a’ya gore daha tutarli cevaplar verdigi sOylenebilir, fakat bu soruda da ¢ogunlukla
binom dagilimindan bagimsiz gerek¢eler sunuldugu i¢in dogru kabul edilmemistir.

Oznel olasihigin uzman diizey alan bilgisi baglaminda incelendigi sorular 4 ve 6a maddeleridir. Ozellikle 6a
maddesindeki adil oyun sorusunda 6grencilerin akilc1 ve dogru gerekgeler gosterme oranlari1 %85 oraninda iyi
seviyededir. Ancak bu yiiksek seviyeye 4. soruda ulasilamamistir (%41). Ogrencilerin tuzaklara yakalanma
olasiliklarina iliskin cevaplari yiiksek oranda dogru olsa da sunduklart gerekgeler yeterince tutarli ya da akilci
sekilde gozlenmemistir. Burada bahsi gecen tutarsizlik, tuzaga yakalanma olasiliginin en az oldugu ya da yiiksek
oldugu yolu agiklarken benzer gerekceler sunmamig olmalaridir.

3.4. Genel bulgular

Sorulardan alinacak puanlar O ile 34 arasindadir. 34 puan alabilmek i¢in tiim cevap ve gerekgelerin dogru
olmas1 gerekir. Asagida verilen Sekil.4’te toplam puanlara yonelik katilimeilarin aldiklart puanlarin frekans ve
yiizde tablosu ve dagilimda da goriildiigii gibi 6grencilerden tam puan alan olmamuistir. En diisiik puan 5’tir ve en
yiiksek puan 26 olarak elde edilmistir.
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Sekil 4. Katilimcilarin test sonuglarini gosteren frekans dagilimi ve tablosu
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Alan bilgilerine ait kutu grafigi asagida Sekil 5’te verilmistir. Temel diizey alan bilgisi ortalama puaninin
digerlerinden daha iyi oldugu goriilmektedir. Ogrencilerin geneli temel diizey alan bilgisi agisindan kabul
edilebilir diizeydedir. Sadece 3 katilime1 (2 ve 3 puan alanlar) digerlerinden ayrilmaktadir ve kotii diizeydedir.

fleri diizey alan bilgisi puanlari ise 0 ile 12 puan arasinda genis bir degisim araligina sahip olmakla birlikte
15 tam puan alan 6grenci bulunmamaktadir. Maalesef 3 6grenci sifir puan alirken 10 6grenci 1 puan alabilmistir.
Ogrencilerin bu diizeye ait alan bilgisi ortalamast 5 puan olup ortalamanin iizerinde puan alanlarin oram %40’tir.
Bu diizeydeki 6grenme alanlarina iliskin iyilestirici ¢calismalar yapilmalidir.

En diisiik ortalama puana sahip olan uzman diizey alan bilgisi 3 ortalama puana sahip olup dgrencilerin
yaklasik %38’1 ortalamanin iizerinde puan almistir. Puanlar 0-6 arasinda degismekle birlikte 6 puan alan sadece
1 dgrenci bulunmaktadir. Sifir puanli 2, 1 puanli 5 dgrenci vardir. Bu diizeyde madde giicliigii verilerinde de
gorildiigii gibi dogru cevap verme oranlari 3 madde hari¢ kabul edilebilir seviyelerdedir. Ancak 6rneklem
biiytikligiinii dikkate almama ve binom dagilim ile ilgili 11a ve 11b maddelerinde dogru cevap orani dramatik
derecede diigiiktiir. Benzer sekilde 12b maddesinde de diisiikk dogru cevap orani gézlenmistir.
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Sekil 5. Katilimeilarin bilgi tiirlerine gore basari diizeylerini gosteren kutu gosterimi

Asagida Sekil 6°da verilen grafikte katilimeilarin olasiligin anlami agisindan puanlarinin karsilastiriimasi
verilmistir. Grafik incelendiginde 6grencilerin klasik anlam acisindan kabul edilebilir bir ortalamaya sahip
oldugu sdylenebilir. Sadece 2 6grenci ortalamanin ¢ok altinda puan alabilmistir. Buna karsilik siklik¢r ve 6znel
anlamalar daha genis bir degisim araligina sahip olmakla beraber ortalama olarak da diistiktiir. Olasiligin siklike1
anlaminda 4 6grenci digerlerinden ayrilan daha yiiksek puanlar tiretmislerdir.

12,5 49 63
o

10,0 = —

5,04

259 4335
=}

0,07 —_

T T T
Klasik anlam Siklkgt anlam Qznel anlam

Sekil 6. Katilimcilarin olasiligin anlamlarina gére puanlarini gdsteren kutu gosterimi
4. Tartiyma ve Sonu¢

Tiirk¢e’ye uyarlanan bu testin, ortaokul matematik dgretmen adaylarinin olasilik alan bilgilerini yukarida
belirtilen iki farkli yonde (olasiligin anlami ve alan bilgisi g¢esidi) degerlendirmesi amaglanmaktadir. Bu
calismanin sonuglart Ogretmen adaylar1 icin Onerilebilecek olasilik konularmin 6gretimi gibi derslerin
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gelistirilmesinde ve tasarlanmasinda, benzer sekilde istatistik ve olasilik derslerinin igeriginin gbézden
gecirilmesinde bagvurulabilir bir bilgi kaynagi sunmaktadir.

Ogretmen adaylarinin olasilik alan bilgilerinin hemen her diizeyde diisiik seviyede olmasi, ortaokul
matematik programinda olasiliga yeterince dnem verilmemesi, programda olasilik 6grenme alanmin diger
Ogrenme alanlarima goére yiizdesinin nispeten az olmasi, 6gretmen adaylarinin da olasiligin 6gretimine ilgi
duymamalarina veya onemsememelerine sebep oluyor olabilir. Bunlara ek olarak, 6gretmen adaylarinin
inanislarinin da olasilik alan bilgilerinde etkili oldugunu iddia eden ¢alismalar da bulunmaktadir (Danisman ve
Tanisli, 2017). Onlarin olasiligi daha derinlemesine 6grenme istemelerini engellemektedir. Diger yandan,
olasiliga yalnizca sans oyunlarmin anlamini ¢dzmek icin bagvurulmasi, matematik Sgretmenleri de olasilig
matematigin bir alt-kolu gibi algilamalarina ve 6gretimlerinde de bu sekilde yansitmalarina sebep olmustur.
Biitiin bunlara ragmen, istatistige ilginin artmasi, olasilik kavramlarmin da deneysel olarak verilmeye
baslamasini saglamistir (Batanero ve ark., 2005). Giiniimiiz sinav odakli egitim sistemi ve 6grencilerin siirekli
olarak ¢oktan se¢meli sorulara maruz kalmasi olasiligin bu trendinin yakalanamamasina neden olmakta ve
sadece dgrencilerin degil, 6gretmenlerin de giderek olasiligi ciddiye almamasina neden olabilir.

Ogrencilerin olasilik kavramlar1 arasinda iliski kurabilmesini ve yeterli diizeyde bir anlayisa sahip
olabilmeleri i¢in olasiligin farkli anlamlarina yer verilen bir olasilik 6gretimine ihtiyacimiz bulunmaktadir. Ek
olarak, olasilik kavramlari arasinda kurulmasi beklenen bu iliskinin sans oyunlarindan farkli ve g¢esitli
baglamlarda da sunulmasi olasili1 yalnizca 6grenciler igin degil, 6gretmenler i¢in de anlamli bir hale getirebilir
(Koparan, 2019). Benzer sekilde, Koparan (2019), olasilik dgretiminde simiilasyon, oyun, etkinlik, materyal ve
digerlerine daha ¢ok yer verilmesi gerektigini de ortaya koymustur. Biitiin bu sonuglar hem ortaokul/lise hem de
lisans diizeyinde olasilif1 6gretme yontemlerini yeniden degerlendirmek gerektigini gostermektedir.

Bu ¢alismanin diger bir sonucu ise, 6gretmen adaylariin sezgisel olarak bildiklerini ileri ve uzman diizeyde
aciklayamamig olmalaridir. Bu sonugla iliskilendirilmek {izere, 6gretmen adaylariin olasilik alan bilgilerinin
islemsel ve kavramsal bilgi baglaminda incelendiginde de benzer sonuglar ortaya koymasidir (Ata, 2014; Kurt-
Birel, 2017). Arastirmaci, 6gretmen adaylarinin olasiligin farkli anlamlarina (teorik, deneysel ve 6znel anlamlari)
dair hem kavramsal hem de islemsel anlayiglarinin yetersiz oldugunu ve hatta bu ikisinin arasinda pozitif yonde
bir iligki oldugunu ortaya koymustur (Ata, 2014).

Calismamizin bulgular1 ayn1 zamanda, 6gretmen adaylarinin sorularin ¢éziimiinde strateji sunamamalarini ya
da sunduklari stratejilerin farklilagmadigint gostermektedir. Bu sonug, O0gretmen adaylarinin olasilik alan
bilgilerinin ileri ve uzman diizeyde derin olmadigini, bulduklar1 sonuglar1 agiklayamadiklarini, olasiligin farkli
anlamlarma dair anlayislarinin kisitlt ve dar bir diizeyde oldugunu gostermektedir.

Ogretmenlerin ya da dgretmen adaylarmin en ¢ok sorun yasadigi olasilik kavram yanilgilar olarak temsil
edilebilirlik yanlilig1 (11), es olasilik yanliligi (8) ve sonug¢ yaklagimini (12) inceleyen sorulara katilimcilarin
verdikleri cevaplari inceledigimizde, en az puan alinan sorular oldugunu goézlemliyoruz. Buradan sonuglarin,
literatiirde yer alan 6nceki bulgularla értiistiigiinii iddia edebiliriz (Bursali ve Gokkurt-Ozdemir, 2019; Hourigan
ve Leavy, 2019; Stohl, 2005). Ek olarak, burada elde edilen bulgunun katilimcilarin bu kavramlarla ilgili olarak
ileri ve uzman diizeyde alan bilgilerinin oldukca yetersiz olduklar1 sonucuna da ulasabiliriz. Ozellikle es olasilik
yanlilig1 ile ilgili soruda (8) basari oranimnin 0.05’in altinda olmasi, bu sorunun katilimecilar tarafindan ¢eviri
nedeniyle anlagilamamis olabilecegini de gosterebilir. Katilimcilarimizin temsil kisa yolu ile ilgili soru
maddelerine (11a ve 11b) verdikleri cevaplari inceledigimizde, ¢dziim ic¢in kullanmalari beklenen binom
dagilimmi kullanamadiklar1 veya bundan bagka bir strateji gelistiremedikleri de onlarin hem ileri diizeyde hem
de uzman diizeyinde olasilik alan bilgilerinin yetersiz oldugunu gostermektedir. Benzer sekilde, hava durumu ile
ilgili soruya (12) verilen yanlis cevaplar incelendiginde, katilimcilarin sonug¢ yaklasimi yanilgisina sahip
oldugunu da iddia edebiliriz. Katilimcilar, ne kadar iyi bir tahmin oldugu hakkinda yorum yapmak yerine, olayin
kesinligine dair karar vermeye ¢alismislardir.

Sonug olarak, 6gretmen adaylarinin olasilik alan bilgilerinin, temel diizey, ileri diizey de uzman diizeyde
olmak iizere yetersiz oldugunu, olasiligin farkli anlamlarma dair kisith anlayisa sahip olduklarini sdyleyebiliriz.
Katilimeilarin cevaplart incelendiginde ise, bulgularin ayn1 zamanda literatiirde onceden tespit edilmis olan
kavram yanilgilarini isaret ettigini de iddia edebiliriz. Elde edilen bulgulara, olasilik ve istatistik kavramlarinin
yeterince iligkilendirilmeden 6gretiliyor olmasi (Hourigan ve Leavy, 2019) ve hatta ortaokul matematik 6gretim
programinda da ayr1 6grenme alanlar1 olarak yer almasi, ortaokul matematik Sgretmenlerinin ve &gretmen
adaylarinin olasiliga yeterince 6nem vermemesi, dgrencilerin ve dolayisiyla dgretmen adaylarinin da ¢oktan
se¢meli siav sistemi ¢ergevesinde fazlasiyla ezberlemeye egilimli olmasi olabilir.

5. Oneriler

Calismada elde edilen bulgulara gore, ortaokul matematik 6gretimi ve dgretmen egitimi agisindan olasiligin
ogretimine dair bazi onerilerde bulunulabilir: Oncelikle, ortaokul matematik dgretim programinda yer alan
olasilik 6grenme alani olasiligin farkli anlamlarini icerecek sekilde yeniden ele alinmalidir. Bu ayn1 zamanda,
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6gretiminden sorumlu olan 6gretmenlerin bu konular hakkinda daha ¢ok 6grenmelerini saglayacaktir. Buna ek
olarak, olasilik 6gretimi, ilkokul ve ortaokul matematik 6gretim programinda daha ¢ok yer almali, daha erken
seviyelerde dgretimine baslanmahdir. ikinci oneri olarak, matematik dgretmen adaylarmin iiniversitede aldiklart
olasilik ve iligkili olarak istatistik derslerinin igerigi, olasilik ve istatistik kavramlari iligkilendirilerek ve
olasiligm farkli anlamlar1 6n plana ¢ikarilarak, yeniden gdzden gecirilmelidir. Ogretmenlerin olasilik alan
bilgilerinin her ii¢ diizeyde de artirilmasi bu derslerin amaclarindan biri olarak belirlenmelidir. Bu anlamda, bu
dersler olasilik 6gretiminde yasanabilecek kavram yanilgilar1 ve bunlarin nerelerden kaynaklanabilecegine dair
bilgi vermelidir.

Ek 1. Olasihk Alan Bilgisi Testi

Ad1 Soyadi: Sinif:
Asagidaki sorular1 yanitlayiniz.

1.

SORULAR
Ali, Baris ve Cenk (kisaca A, B, C) isimli ii¢ erkek ¢ocuk sirayla bir video oyunu oynuyorlar. Bunun igin
siraya girerek oyun sirasinin kendilerine gelmesini beklemeleri gerekiyor. Bu oyunu oynayabilecekleri tiim
olas1 siralamay1 yazmak istiyoruz: Ornegin siralamalardan biri B-C-A'dr.
a. Farkli siralanmalarin tiimiinii yazin. Kag farkli sekilde siralanabilirler?
b. Dort erkek (A, B, C, D) oynamak istiyorsa kag farkli siralanma miimkiin olur?

Deniz, bir torbanin igine 5 beyaz ve 7 siyah top koyuyor. Mustafa ise bagka bir torbaya 3 beyaz ve 5 siyah
top koyuyor. Eger Deniz ve Mustafa’nin torbalarindan siyah top ¢gekme sanslarinin esit olmasini istiyorsak
bir torbadan digerine kag tane siyah veya beyaz top aktarmamiz gereklidir? Neden?

Yandaki ikili carkifelek bir karnaval oyununun bir parcasidir. Bir
oyuncu, ¢arkifelekler durdugunda her iki ok da siyah boliimde

duruyorsa oyunu kazanmaktadir.
a.  Oyunu kazanma olasilig1 nedir?
b. Neden?

Bir robot sekildeki gibi bir labirente birakiliyor. Labirentin 8 (TL

c¢ikiginin her birinde sekildeki gibi numaralandirilmig birer tuzak i“/

vardir. Kavsaklardaki yollardan herhangi birini izleyerek ve b 2
girdigi yoldan da geri donmemek kaydiyla; L8 .
a. Yakalanma olasilif1 en yiiksek olan tuzak veya
tuzaklar hangileridir? Neden? 4@
b. Yakalanma olasiligi en diisiik olan tuzak veya ag&
NG

tuzaklar hangileridir? Neden?

d
—

Bir kutudaki 100 raptiye 6gretmen tarafindan masaya bosaltiliyor. Bunlarin 68 tanesinin uglart yukariy1 ve
32 tanesi de agagiy1 gostermistir. Daha sonra 6gretmen 4 6grenciye (A, B, C, D) deneyi tekrarlamalarimi
sOyliiyor. Asagidaki tabloda her bir 6grencinin yaptig1 deneyin olast sonuglarint yaziniz.

Deniz Mehmet Duygu Mustafa

Yukar1
Asagi

Deniz ve Baris hilesiz iki zarla oynanan bir oyun oynuyorlar. Zarlar1 yuvarliyorlar ve iistte gelen yiizdeki
sayilar1 ¢arpryorlar. Eger,
i. Carpim ¢ift say1 ise Deniz 1 Lira aliyor
ii. Carpim tek sayi ise Barig 1 Lira aliyor
a.  Oyun adil midir? Neden?
b. Eger ¢arpim sonucu ¢ift say1 oldugunda Deniz 1 Lira aliyorsa, oyunun adil olabilmesi i¢in,
carpim sonucu tek say1 oldugunda Baris kag Lira almalidir?
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7. Biri sar1 digeri mavi iki hilesiz zar atiliyor. Ustlerinde gelen noktalarin garpimi 12 elde ediliyor. Zarlardan
birinin 6 gelmesi olasilig1 nedir? (Sayilarin siras1 goz oniine alinmaktadir.)

8. 3 zar ayn1 anda atiltyor. Sonuglar (a, b, ¢) seklinde sirali ii¢lii olarak kaydediliyor.
a. Asagidaki sonuglardan elde edilme olasilig1 en yiiksek olan hangisidir?

il (5,5,5). ...

b. Bu sonuglardan herhangi biri digerlerinden daha az olasiliga sahip midir? Hangisi?.........

9. Bir balik ¢iftliginin sahibi havuzdaki baliklarin sayisin1 6grenmek istiyor. Havuzdan 200 balik ¢ikararak
bunlari isaretliyor ve tekrar diger baliklarin arasina birakiyor. Sonraki giin 250 balig1 havuzdan ¢ikartyor ve
25 tanesinin isaretlenmis baliklar oldugunu gortiyor.

a. Havuzdaki balik sayis1 yaklasik olarak nedir?
b. Eger havuzdan rasgele 100 balik daha ¢ikarilirsa yaklasik kag tanesi isaretli olur?

10. Bir 6gretmen 2 dgrencisine (Deniz ve Baris) diizgiin bir paray1 150 kez atmalarini ve tura gelirse 1, yazi
gelirse 0 ile kaydetmelerini istiyor. Asagidaki sonuclar elde ediliyor. Ogrencilerden biri talimatlara uygun
sekilde paray1 atarak kayit olusturmus ancak digeri talimatlara uymamus, hile yaparak sadece bir say1 serisi
yazmugtir.

a. Hile yapan hangi 6grencidir?
b. Bunu nasil séyleyebiliyorsunuz?

Deniz: 01011001100101011011010001110001101101010110010001010100111001101011001011
0010110010010111011001101101010010110010101100010011010110011101110101100011

Baris: 1001110111101001110010011100100011101111110101010111100000010001010010000
01000110001010000000001100100000001111100001101010010010011111101001100011000

11. Bir sehir hastanesinde dogan erkek ve kiz cocuklarinin kayd1 tutulmaktadir. Buna gore;
a. Asagidakilerden hangisinin olasilig1 daha yiiksektir? Aciklaymiz.
i. Son dogan 10 bebegin 8 veya daha fazlasi erkek olacaktir.
ii. Son dogan 100 bebegin 80 veya daha fazlas1 erkek olacaktir.
iii. Yukaridaki iki sonug da esit olasiliklidir.
b. Son dogan 10 bebek i¢in agagidakilerden hangisi en yiiksek olasiliga sahiptir? Aciklayiniz.
i. 7 veya daha fazla erkek bebek dogacaktir.
ii. 3 veya daha az erkek bebek dogacaktir
iii. Erkek bebek sayisi 4 ile 6 arasinda olacaktir.
iv. Yukaridaki 3 sonug da esit olasiliklidir.

12. Bir meteoroloji uzmani bu y1l Adana’da yagmur ihtimalinin %70 oldugunu sdylemektedir.
a. Eger tahmini dogru ise, bu yil Adana’da kag¢ giinlin yagmurlu olmasinit beklersiniz?
b. Meteoroloji uzmaninin bu hafta yagmur yagma olasiliginin %80 oldugunu sdyledigini ve
Pazartesi giinii de yagmur yagmadigini diisiinelim. %80 yagmurlu olmasi tahmini hakkinda ne
disiiniirsiiniiz?
c. Eger yagmur olasilig1 %80 ise, ama Pazartesi veya Sal1 yagmur yagmadiysa nasil bir sonug
cikarirsiniz?
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