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Abstract 

In this study, probabilities of preservice middle school mathematics teachers’ possession of four fundamental 

cognitive skills required for learning and teaching statistics and probability topics were examined by using the 

log-linear cognitive diagnostic model, which is one of the cognitive diagnostic models. Moreover, the 

probabilities of preservice teachers’ possession of these skills were investigated according to gender, university 

ranking, and grade level variables. Hence, it was examined whether there was a significant relationship between 

the probabilities of having each skill and these variables. A Statistical Reasoning Test, which was developed by 

Arican and Kuzu in 2019, measured preservice teachers’ possession of four critical skills was used in collecting 

the data. These four skills included representing and interpreting data, drawing inferences about populations 

based on samples, selecting and using appropriate statistical methods to analyze data, and understanding and 

applying basic concepts of probability. In the 2016-2017 academic year, the test was applied to 456 preservice 

teachers selected from four different universities in Turkey, and probabilities of their possession of each attribute 

were calculated. Later, the relationship between the preservice teachers’ test scores and gender was examined 

by using the Mann-Whitney U test, and the relationship between their test scores and ranking of the attended 

university and grade level were examined using the Kruskal Wallis-H test. Although probabilities of the 

preservice teachers’ possession of these four skills did not significantly differ according to gender, some 

significant differences were detected for university ranking and grade level variables. 

 

Key Words: Cognitive diagnostic models, gender, grade level, preservice middle school mathematics teachers, 

statistics and probability, university ranking. 

 

INTRODUCTION 

Statistics, which is defined as a branch of science, consists of techniques and methods related to data 

collection, analysis, and interpretation of results (Saraçbaşı & Kutsal, 1987). Statistics, which is based 

on the principles such as determining the relationship between variables, making generalizations 

according to the results obtained from samples, and making predictions for the future, have become 

the focus of interest in many countries and have taken place in mathematics education programs of 

many countries (Ardıç, Yılmaz & Demir, 2012; Makar & Rubin, 2009; Shaughnessy, 2007; Watson, 

2006). When the constantly developing and renewing mathematics curricula are examined, statistical 

competencies such as reading data, representing data, using central tendency and spread measures, 

making predictions and inferences from data, and calculating probability are given more attention in 

different class levels than previous years (Ministry of Education-MEB, 2013, 2018). 

Statistics is based on calculations of probability and enables mathematical treatment of random events 

and making inferences from data. Statistics and probability, which interact with real-life problems and 
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other disciplines (e.g., economics, physical education, etc.), have been the focus of mathematics 

education from the past to the present day and have been included in the learning standards of the 

leading international educational institutions (e.g., National Council of Teachers of Mathematics-

NCTM; National Assessment of Educational Progress-NAEP) (Batanero & Díaz, 2010; Franklin et 

al., 2007; Jones, 2005). Although the topics of statistics and probability have such importance, teachers 

and students face various difficulties in teaching and learning these topics (Batanero & Díaz, 2012). 

For example, Gürbüz, Toprak, Yapıcı, and Doğan (2011) found that teachers stated probability as one 

of the most difficult subjects in Turkish secondary school mathematics curriculum. Moreover, 

Boyacıoğlu, Erduran, and Alkan (1996) found that while 91% of the students stated probability as one 

of the most difficult subjects to understand, 84% of the teachers stated probability as one of the most 

difficult subjects to teach. In addition to these findings, students’ difficulties with statistics and 

probability are also reported in international studies. When the eighth grade mathematics results of the 

Trends in International Mathematics and Science Study (TIMSS) were investigated, which included 

numbers, algebra, geometry, and data and chance domains, 22 out of 39 participating countries, 

including Turkey, obtained average scores in the data and chance domain that were lower than the 

TIMSS median-score of 500 (Mullis, Martin, Foy & Hooper, 2016). Furthermore, in the data and 

chance domain Turkey was ranked 12th among 13 European countries with an average score of 466 

points. Although among the four domains, Turkish students obtained the highest average score from 

the data and chance domain, it was the only domain in which the average score of students decreased 

when compared with the TIMSS 2011 results (Mullis, Martin, Foy & Arora, 2012). 

In addition to studies that have been conducted for identifying the difficulties encountered in teaching 

and learning of statistics and probability, there are also studies aimed at comparing the mathematics 

achievement of male and female students. The relationship between academic achievement and gender 

is an issue that has been discussed for many years (Eitle, 2005). When the studies on students’ 

mathematics performances are examined, although there are many studies indicating that boys are 

more successful than girls (e.g., Felson & Trudeau, 1991; Fryer & Levitt, 2010; Stoet & Geary, 2013), 

there are also studies emphasizing girls are more successful than boys (e.g., Chambers & Schreiber, 

2004; Farooq, Chaudhry, Shafiq & Berhanu, 2011). On the other hand, it is possible to find studies 

indicating that there is no difference between mathematics achievement of girls and boys (e.g., Chiesi 

& Primi, 2015; Duckworth & Seligman, 2006; Else-Quest, Hyde & Linn, 2010; Lindberg, Hyde, 

Petersen & Linn, 2010). When the effect of gender on mathematics performance is analyzed in terms 

of statistics, boys and girls do not differ in terms of their mathematics ability; however, in comparison 

to male students, female students have more negative attitudes towards statistics and have less 

confidence in their abilities (Chiesi & Primi, 2015). Bulut, Yetkin, and Kazak (2002) examined 

preservice mathematics teachers’ (PSTs) achievements on probability and found that male students 

were more successful in probability than female students. Furthermore, in the same study, Bulut et al. 

(2002) also examined PSTs’ attitudes towards the mathematics course and probability subject and 

found that girls reflected more positive attitudes towards the mathematics course, but there was no 

significant difference between the two groups in terms of their attitudes towards probability subject. 

When the TIMSS 2015 eighth grade mathematics results were examined, female students were more 

successful in mathematics than male students in seven countries; male students were more successful 

in six countries, and no significant difference was found between male and female students in 26 

countries. In terms of data and chance domain, the mean scores of female and male students were very 

close to each other (Female: 475; Male: 472). When the data and chance mean scores of Turkish 

students were analyzed according to their gender, female students obtained slightly better mean score 

than male students (Female: 470; Male: 464). 

When the studies on statistics and probability were examined, it was recognized that these two subjects 

were among the least investigated subjects in mathematics. On the other hand, the studies conducted 

on these two subjects generally aimed to understand students’ performance, strengths, and weaknesses 

(Ulutaş & Ubuz, 2008). Some studies (e.g., Batanero & Díaz, 2012; Batanero, Godino & Roa, 2004; 

Franklin & Mewborn, 2006) emphasized that the difficulties faced by teachers and PSTs on statistics 

and probability were originated from the inadequately developed statistics and probability curriculum 

in universities. In addition, teachers who had little opportunity to obtain accurate information about 
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the principles and concepts of underlying practices of data analysis had difficulty in forming statistical 

knowledge (Franklin et al., 2007). Overall, relying on the Classical Test Theories (CTT), the studies 

conducted on statistics and probability (e.g., Olpak, Baltaci & Arican, 2018; Tsakiridou & Vavyla, 

2015; Zhang & Maas, 2019) more often used total score-based evaluation systems. In these studies, 

the students’ performances were evaluated in terms of the average scores that they obtained. 

Assessment approaches that use a single score (e.g., average score) have been criticized for not 

providing very detailed information on students’ performances (Leighton & Gierl, 2007; Nichols, 

Chipman & Brennan, 2012), and alternatively, cognitive diagnostic models (CDMs) have been 

developed for obtaining more detailed assessments (Rupp, Templin & Henson, 2010). In CDMs, rather 

than calculating the total scores, the probability of each student’s possession of the desired skill is 

determined, and diagnostic feedback is provided on their strengths and weaknesses. For instance, in a 

single score-based assessment system, a student with a score of 59 can be assessed as unsuccessful in 

a test with an average score of 60, whereas in CDMs, assessments are provided in terms of students’ 

possession of the required skills rather than their scores. Thus, CDMs offer a more effective assessment 

of students’ performances than CTTs. 

 

Cognitive Diagnostic Models 

Cognitive diagnostic models, also known as diagnostic classification models (DCMs), are a family of 

psychometric models that provide diagnostic assessments of participants’ expertise on skills, which 

are referred as attributes, that the test aims to measure by calculating the likelihood that they have 

these skills based on their responses to the test items. CDMs provide participants with cognitive 

feedback about the skills to be measured and offer more detailed information about their cognitive 

strengths and weaknesses. One of the strengths of CDMs is that they provide more reliable estimates 

than CTTs, even if a small number of test items are used (Templin & Bradshaw, 2013). In recent years, 

researchers have used CDMs to provide diagnostic assessment on the results that students (e.g., Choi, 

Lee & Park, 2015; Dogan & Tatsuoka, 2008; Im & Park, 2010; Lee, Park & Taylan, 2011; Sen & 

Arican, 2015), teachers (e.g., Bradshaw, Izsak, Templin & Jacobson, 2014), and PSTs (e.g., Arican & 

Kuzu, 2019) obtained from several subjects of mathematics. 

CDMs classified into three categories: compensatory models, non-compensatory models, and general 

models (Ravand & Robitzsch, 2015). Deterministic input, noisy-or-gate model (DINO) (Templin & 

Henson, 2006), and compensatory reparameterized unified model (C-RUM) (Hartz, 2002) are the 

examples of compensatory models. Deterministic input, noisy-and-gate model (DINA) (Junker & 

Sijtsma, 2001) and non-compensatory reparameterized unified model (NC-RUM) (DiBello, Stout & 

Roussos, 1995; Hartz, 2002) can be given as the examples of non-compensatory models. Finally, the 

general diagnostic model (GDM) (von Davier, 2005), the log-linear cognitive diagnostic model 

(LCDM) (Henson, Templin & Willse, 2009), and generalized deterministic input, noisy-and-gate 

model (G-DINA) (de la Torre, 2011) are the examples of general models that allow both compensatory 

and non-compensatory relationships. 

This study was conducted using LCDM, which is one of the general models. LCDM places 

participants’ responses to items in latent classes and thus helps researchers to determine their attributes 

(Bradshaw et al., 2014). Depending on the size and direction of the item parameters, LCDM can model 

attribute effects on each item response in a compensatory or non-compensatory manner, which gives 

researchers greater flexibility (Bradshaw et al., 2014). Therefore, LCDM was used to analyze the 

present data because of this flexibility. 

 

The Purpose of the Study 

In order to overcome the problems encountered in the learning and teaching of statistics and 

probability, it has been given importance recently to develop students’ statistical skills in the Turkish 

education system and to equip students with these necessary skills (MEB, 2013, 2018). Moreover, as 

mentioned above, students’ inadequacy in statistics and probability subjects raised questions about 
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how well preservice mathematics teachers graduated from higher education programs were educated 

in these subjects. The fact that students, teachers, and PSTs encounter some difficulties in statistics 

and probability suggests that they may have deficiencies in terms of the skills required in teaching and 

learning of these subjects. Therefore, providing diagnostic feedback on these deficiencies will 

contribute to educators to address the difficulties encountered. 

Using the four fundamental cognitive skills required for preservice middle school mathematics 

teachers in statistics and probability, this study examined whether the PSTs’ possesions of these skills 

differ according to their gender, ranking of the attended university, and grade level. Therefore, the 

following research questions were investigated in this study: 

1. Do preservice middle school mathematics teachers’ possession of skills differ according to 

their gender? 

2. Do preservice middle school mathematics teachers’ possession of skills differ according to 

the base scores of the universities they study?  

3. Do preservice middle school mathematics teachers’ possession of skills differ according to 

their grade level? 

 

METHOD 

In this quantitative study, the descriptive survey model was used to determine whether the PSTs’ 

possession of attributes differ according to their gender, ranking of the attended university, and grade 

levels. The descriptive survey model is a research method that aims to describe a situation, views, 

interests, and competencies, which happened in the past or still exists, as it is (Karasar, 2005). 

 

Sample 

The sample of the study was composed of 456 PSTs (315 females, 108 males; 33 unspecified) studying 

in four different universities. In 2016, 67 universities had middle school mathematics teacher 

programs. These universities were ranked from the highest to the lowest by taking into account the 

average of the university entrance scores of the relevant program in the last five years. Four universities 

were randomly selected by using a stratified sampling method, which is one of the probability-based 

sampling techniques. Using the interquartile range, which is a descriptive statistical measure, 1 high 

from the first 17 universities (66 PSTs), 2 medium between 18 and 50 (224 PSTs), and 1 low from the 

last 17 universities (166 PSTs) were selected. The universities were located in three different regions 

of Turkey (1 Western Anatolia, 2 Central Anatolia, and 1 Eastern Anatolia), and the descriptive 

information on the PSTs was presented in Table 1. 

 

Table 1. The Distribution of the Sample 
  Grade 

Total 
1 2 3 4 

Gender Female 

Male 

Unspecified 

75 108 110 22 315 

27 30 32 19 108 

4 12 16 1 33 

Total  106 150 158 42 456 

 

Data Collection Instruments 

The Statistical Reasoning Test developed by Arican and Kuzu (2019) was used in this study. The test 

measured four attributes: A1: Representing and interpreting data; A2: Drawing inferences about 

populations based on samples; A3: Selecting and using appropriate statistical methods to analyze data; 

and A4: Understanding and applying basic concepts of probability. While determining these four 

attributes, national (MEB secondary school mathematics curriculum) and international (NCTM and 
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Common Core State Standards-CCSS) standards were examined. The test consisted of 20 items (15 

multiple-choice and five open-ended), and when preparing these items, questions included in the 

national and international (TIMSS and The Programme for International Student Assessment-PISA) 

large-scale tests were taken into account. In order to determine which attribute or attributes each item 

measures, three academicians specialized in mathematics education and two mathematics teachers 

independently coded the test items in terms of the attributes they measure (1: if the items measure the 

attributes; 0: if the items do not measure the intended attributes). If at least three experts agreed that 

the item measures an intended attribute, then it was included in the Q-matrix. The Q-matrix was 

presented in Table 2. 

 

Table 2. The Q-Matrix 
Attribute/Item 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Total 

A1 1 0 0 1 0 0 1 0 0 1 1 1 1 0 0 1 1 0 0 0 9 

A2 1 0 0 0 0 1 1 0 0 1 1 1 1 1 0 0 1 0 0 1 10 

A3 0 0 0 0 0 1 0 0 0 1 1 1 0 1 0 1 0 0 1 1 8 

A4 1 1 1 1 1 0 1 1 1 0 0 0 0 0 1 0 0 1 0 0 10 

Table received from “Diagnosing Preservice Teachers’ Understanding of Statistics and Probability: Developing a Test for 

Cognitive Assessment” by M. Arican and O. Kuzu, 2019, International Journal of Science and Mathematics Education, pp. 

1-20. All rights reserved to Springer Nature. 

 

In CDMs, the degree to which an item distinguishes between masters and nonmasters of an attribute 

is calculated by the item-attribute indices. Although there is no critical cut-off score stated for the 

removal of test items, de la Torre (2008) reported .31 as low. Accordingly, as seen in Table 3, item- 

attribute indices were low only in Items 6, 15, and 18. 

 

Table 3. Item-Attribute Discrimination Indices 
Items A1 A2 A3 A4 

Item 1 .55 .63  .39 

Item 2    .69 

Item 3    .78 

Item 4 .61   .56 

Item 5    .86 

Item 6  .27 .23  

Item 7 .58 .45  .73 

Item 8    .65 

Item 9    .73 

Item 10 .52 .45 .41  

Item 11 .45 .43 .35  

Item 12 .53 .55 .38  

Item 13 .41 .38   

Item 14  .75 .59  

Item 15    .21 

Item 16 .51  .54  

Item 17 .44 .42   

Item 18    .22 

Item 19   .68  

Item 20  .50 .63  

Table received from “Diagnosing Preservice Teachers’ Understanding of Statistics and Probability: Developing a Test for 

Cognitive Assessment” by M. Arican and O. Kuzu, 2019, International Journal of Science and Mathematics Education, pp. 

1-20. All rights reserved to Springer Nature. 

 

The item difficulty index ranges from 0 to 1 and represents the proportion of students who correctly 

answered an item. In this study, the item difficulty index ranged between .13 and .86 and had an 

average of .49 (Table 4). The average item difficulty index of a test is recommended to be around .50 
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(Çepni, et al., 2008). Therefore, there was a good balance among the items in terms of their difficulty 

indices. 

 

Table 4. Item Difficulty Indices 
Items İndex Items İndex 

Item 1 .50 Item 11 .75 

Item 2 .43 Item 12 .68 

Item 3 .46 Item 13 .82 

Item 4 .57 Item 14 .52 

Item 5 .44 Item 15 .23 

Item 6 .86 Item 16 .56 

Item 7 .33 Item 17 .53 

Item 8 .67 Item 18 .13 

Item 9 .31 Item 19 .29 

Item 10 .24 Item 20 .42 

Table received from “Diagnosing Preservice Teachers’ Understanding of Statistics and Probability: Developing a Test for 

Cognitive Assessment” by M. Arican and O. Kuzu, 2019, International Journal of Science and Mathematics Education, pp. 

1-20. All rights reserved to Springer Nature. 

 

Data Analysis 

Arican and Kuzu (2019) examined cognitive skills that PSTs required to have for teaching statistics 

and probability topics and determined four fundamental skills (i.e., attributes), and the results are 

presented in Table 5. When Table 5 is examined, the probability of the PSTs’ possession of Attribute 

1 was .647, and this value was higher than the probability of having the remaining three attributes. 

Although the lowest probability was obtained for Attribute 2, in general, the PSTs were less likely to 

have Attributes 2, 3, and 4. Using the reliability criterion developed by Templin and Bradshaw (2013), 

Arican and Kuzu (2019) stated that the test measures each attribute with .89, .82, .83, and .90 

reliability, respectively. Moreover, with the help of the Mplus program, Arican and Kuzu (2019) 

eliminated classification problems by removing non-meaningful one-way and two-way interaction 

effects that did not contribute to the calculation of the PSTs’ probabilities for having attributes. In 

addition, calculating the bivariate model fit information, item pairs indicating misfit were determined 

which consisted of only 7% of the total item pairs. Therefore, the test items and Q-matrix used were 

found to be appropriate for calculating the probabilities of desired attributes. 

 

Table 5. The Probabilities of the PSTs’ Possessions of Attributes 
Attributes Probability Sd 

A1 Representing and interpreting data .647 .396 

A2 Drawing inferences about populations based on samples .286 .347 

A3 Selecting and using appropriate statistical methods to analyze data .476 .396 

A4 Understanding and applying basic concepts of probability .427 .410 

Table received from “Diagnosing Preservice Teachers’ Understanding of Statistics and Probability: Developing a Test for 

Cognitive Assessment” by M. Arican and O. Kuzu, 2019, International Journal of Science and Mathematics Education, pp. 

1-20. All rights reserved to Springer Nature. 

 

This study examined whether the probabilities of the PSTs’ possession of four attributes (see Table 5) 

differed according to gender, ranking of the attended university, and grade levels. For this purpose, the 

PSTs’ answers to the test items were coded as 0 (wrong answer), 1 (correct answer), and 9 (incomplete 

answer). Then, the coded answers were transferred into the Mplus 6.12 program (Muthen & Muthen, 

2011) together with the Q-matrix in Table 2, and with the help of LCDM, the individual probabilities 

of each PST’s possession of the attributes were calculated. The PSTs’ answers were not transferred 

directly to the SPSS program, and the total and average scores of them for each attribute were not 

calculated. The reason for doing this was that the total or average scores that the PSTs obtain from the 

test items do not give clear information about whether the PSTs have that attribute or not. For instance, 
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as presented in Table 6, a PST with a high total or average score may be less likely to have that 

attribute. 

 

Table 6. Distribution of Four PSTs’ Scores for Each Attribute 
PST/Attribute     A1  A2    A3   A4 

T M P T M P T M P T M P 

PST 17 5 .556 .929 5 .500 .064 4 .500 .579 1 .100 .119 

PST 51 6 .667 .727 6 .600 .230 4 .500 .743 3 .300 .049 

PST 268 5 .556 .004 5 .500 .000 3 .375 .997 3 .300 .000 

PST 376 5 .556 .885 7 .700 .050 4 .500 .456 2 .200 .701 

Note. T: Total item score; M: Mean item score; P: Probability of attribute possession 

 

As shown in Table 2, the total maximum scores that the PSTs can receive from the items that measure 

A1, A2, A3, and A4 are 9, 10, 8, and 10, respectively. When Table 6 is examined, PST 17 received a 

total of 5 points from items measuring A1 (mean: .556); PST 51 received a total of 6 points for this 

attribute (mean: .667). Although, in terms of CTT, it is thought that PST 51 has more chance for 

mastering A1, LCDM analysis shows us that PST 17 has a higher probability of having this attribute 

than PST 51 (.727 < .929). Similarly, PST 268 obtained a total of 3 points for A4 (mean: .300). 

Although PST 376 received 2 points from A4 (mean: .200), PST 376 has more chance of having A4 

than PST 268 (.000 < .701). PST 268’s probability of having A4 is .00, and her probability of having 

A3 is .99. Moreover, although the points obtained by PST 17, PST 51, and PST 376 from the items 

measuring A3 are the same, they all have different probabilities for having this attribute. PST 51 has 

more chance for mastering A3 than the remaining PSTs, and PST 376 has less chance of having this 

attribute. The reason for the difference between the CTT and LCDM results in Table 6 can be explained 

by the fact that LCDM takes into account the possibility of nonmasters of any attribute answering 

these items correctly presumably by guessing, and attributes having different effects in obtaining 

correct answers. A PST who correctly answers an item may not necessarily have all the attributes 

associated with that item with the same probability. Furthermore, the PSTs’ answers to the items 

measuring a specific attribute, as well as their answers to the items not measuring this attribute affect 

the calculation of probabilities. 

After calculating the probability of each attribute, the responses were transferred into the SPSS 

program with their information about gender, ranking of the attended university, and grade levels. 

Next, the data were checked for normality by considering the skewness and kurtosis coefficients, 

Kolmogorov-Smirnov test, and graphs. It is expected that if the number obtained by dividing the 

skewness and kurtosis coefficients by their standard errors is between -1.96 and +1.96, the distribution 

of data does not differ significantly from the normal distribution (Kim, 2013). These values calculated 

respectively as -5.47 and -5.90 for A1; 7.48 and -3.88 for A2; 0.73 and -7.48 for A3; 2.84 and -7.24 

for A4. As a result of conducting the Kolmogorov-Smirnov test, the p-value was found to be less than 

.05. Moreover, Histogram, Q-Q plot, and Box plot graphs were not satisfying normal distribution 

assumptions. Hence, it was concluded that the distribution of data was not normal. In addition, 

homogeneity of variance was examined by the Levene Test. Because the p-value was less than .05, the 

homogeneity of variance was not satisfied. Therefore, we determined that the data were not satisfying 

parametric test assumptions and so we used Mann-Whitney U test to investigate the effect of gender 

on the PSTs’ possession of attributes and Kruskal Wallis-H test to investigate the effects of the ranking 

of the attended university and grade level on their possession of these attributes. 

 

RESULTS 

In this section, the findings of the PSTs’ competencies in statistics and probability are reported in 

agreement with the sub-problems of the study. 
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Examining the PSTs’ Competencies in Statistics and Probability According to Gender Variable 

Mann-Whitney U test was used to investigate whether the probabilities of the PSTs’ possessions of 

attributes differed according to their gender. The test results are presented in Table 7. According to 

Table 7, since the p-value for each attribute is greater than .05, the probabilities of the PSTs’ 

possessions of attributes did not statistically differ according to their gender. The distribution of 

probabilities for each attribute according to the gender was presented in Table 8. 

 

Table 7. Mann-Whitney U Test Results 
 Gender Mean Rank Sum of Ranks U z 

A1 Female 210.54 66321.50 
16551.50a -.418 

Male 216.25 23354.50 

A2 Female 214.77 67653.50 
16136.50a -.798 

Male 203.91 22022.50 

A3 Female 212.01 66783.50 
17007.50a -.003 

Male 211.97 22893.50 

A4 Female 209.78 66082.50 
16312.50a -.637 

Male 218.46 23594.50 

a. p > .05 

 

Table 8. The Distribution of Probabilities According to Gender 
Attributes Gender Probability 

A1 Representing and interpreting data Female .663 

Male .667 

A2 Drawing inferences about populations based on samples Female .288 

Male .271 

A3 Selecting and using appropriate statistical methods to analyze data Female .462 

Male .461 

A4 Understanding and applying basic concepts of probability Female .423 

Male .484 

 

Examining the PSTs’ Competencies in Statistics and Probability According to the Ranking of the 

Attended University 

Kruskal Wallis-H test was used to investigate whether the probabilities of the PSTs’ possessions of 

attributes statistically differed according to the ranking of the attended university. Next, the Mann-

Whitney U test was applied to determine differences among high, middle, and low-ranking groups. 

The findings were presented in Table 9. 

 

Table 9. The Probabilities of the PSTs’ Possessions of Attributes According to the Ranking of the 

Attended University 
 Group N Mean Rank df 𝜒2 Difference 

A1 High 66 312.02 2 87.497** High>Middle 

High>Low 

Middle>Low 
Middle 224 257.55 

Low 166 156.10 

A2 High 66 208.96    

Middle 224 222.94 2 4.091 - 

Low 166 243.78    

A3 High 66 156.67 2 97.445** Low>Middle 

Low>High 

Middle>High 
Middle 224 191.07 

Low 166 307.57 

A4 High 66 307.51 2 64.932** High>Middle 

High>Low 

Middle>Low 
Middle 224 250.16 

Low 166 167.86 

** p < .01 
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When Table 9 was examined, the p-value for A1 was found to be significant, p < .01. Table 9 showed 

that there was a statistically significant difference among all groups, and this difference was in favor 

of the university with a high base entrance score. The PSTs studying at the university with high base 

entrance scores were found to be more likely to have A1 than remaining PSTs. Moreover, the findings 

suggested that the higher the base entrance score of the university, the higher the probability of having 

A1. In terms of A2, the p-value was calculated as p > .05, and so we concluded that the PSTs’ 

possessions of attributes did not statistically differ according to the ranking of the attended university. 

Although the mean likelihoods of having A2 were similar in each grade level, in general, each mean 

score was very low. For A3, the p-value was calculated as p < .01, and so we decided that there was a 

statistically significant difference between all groups. This difference was found to be in favor of 

universities with low base scores. The PSTs studying in a university with a low base score were more 

likely to have A3 than PSTs studying at a university with medium and high base scores. Furthermore, 

the PSTs attending a university with a high base score were less likely to have A3 than the PSTs 

studying at other universities. In addition, p was calculated as p < .01 for A4. There was a statistically 

significant difference among all groups in favor of the university with high base score. Therefore, the 

PSTs attending to the university with high base score were more likely to have A4 than the PSTs 

attending at the remaining universities. Thus, the higher the university ranking was, the higher the 

probability of the PSTs having A4. 

When the above findings were considered, the PSTs had the most difficulty in having A2. There was 

a great chance of the PSTs attending at the university with a high base score for having A1 and A4 in 

comparison to the PSTs attending universities with medium or low base scores. Although the PSTs 

attending at the universities with low base scores were stronger in A3, they were weak in A1 and A4. 

Moreover, the probabilities of the PSTs’ possessions of A2 did not differ statistically in terms of the 

ranking of the attended university, and each mean score was quite low. The distribution of the 

probabilities according to the ranking of the attended university was presented in Table 10. 

 

Table 10. The Distribution of Probabilities According to Ranking of the Attended University 
Attributes Success Level Probability 

A1 Representing and interpreting data High .833 

Middle .744 

Low .441 

A2 Drawing inferences about populations based on samples High .216 

Middle .273 

Low .332 

A3 Selecting and using appropriate statistical methods to analyze data High .278 

Middle .361 

Low .710 

A4 Understanding and applying basic concepts of probability High .653 

Middle .474 

Low .275 

 

Examining the PSTs’ Competencies in Statistics and Probability According to Grade Levels 

Kruskal Wallis-H test was used to determine whether the PSTs’ competencies in statistics and 

probability statistically differed according to their grade levels. The Mann-Whitney U test was used to 

determine which groups differed, and the findings were presented in Table 11. 

When Table 11 is examined, the p-value for A1 was calculated as p < .01 which indicated a statistically 

significant difference among the groups. There was a significant difference between the PSTs 

attending to the first grade and second grade and between first grade and fourth grade, in favor of the 

first grade. Similarly, there was a significant difference between the PSTs attending to the third grade 

and second grade and between the third grade and fourth grade, in favor of the third grade. Moreover, 

the PSTs attending in the third grade had a higher probability of having A1 than the PSTs in remaining 

grades. 
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Table 11. The Probabilities of the PSTs’ Possessions of Attributes According to Grade Levels 
 Grade N Mean Rank df 𝜒2 Difference 

A1 1 106 240.41 3 15.235** 1>2 

1>4 

3>2 

3>4 

2 150 204.47 

3 158 253.63 

4 42 189.73 

A2 1 106 227.30 3 5.546 -- 

2 150 247.62 

3 158 212.63 

4 42 222.94 

A3 1 106 214.94 3 10.128* 2>1 

2>3 

4>1 

4>3 

2 150 247.13 

3 158 210.47 

4 42 264.01 

A4 1 106 243.97 3 24.357** 1>2 

1>4 

3>2 

3>4 

2 150 196.31 

3 158 260.39 

4 42 184.44 

* p < .05, ** p < .01 

On the other hand, the PSTs attending the fourth grade had the lowest probability of having A1. For 

A2, the p-value was calculated as p > .05, and this finding showed that the PSTs’ probabilities of 

having A2 did not significantly differ according to the grade levels. While the PSTs in the second 

grade had the highest probability of having A2, the third grade PSTs had the lowest probability of 

having A2. In terms of A3, the p-value was calculated as p < .05, and this finding suggested that there 

was a statistically significant difference among the groups. The difference was found to be significant 

between the PSTs attending to the second grade and first grade and between the second grade and third 

grade, in favor of the second grade. By the same token, there was a significant difference between the 

PSTs attending to the fourth grade and first grade and between the fourth grade and third grade, in 

favor of the fourth grade. Furthermore, while the fourth grade PSTs were more likely to have A3, the 

third grade PSTs were less likely to have A3. Regarding A4, the p-value was calculated as p < .01 that 

indicated a statistically significant difference among the groups. There was a significant difference 

between the PSTs attending to the first grade and second grade and between the first grade and fourth 

grade, in favor of the first grade. Similarly, there was a significant difference between the PSTs 

attending in the third grade and second and fourth grades in favor of the third grade. In addition, while 

the PSTs attending in the third grade were more likely to have A4, fourth grade PSTs were less likely 

to have A4. Overall, each grade level was found to be quite strong in mastering A1, but all levels were 

found to be quite weak in mastering A2. Finally, the PSTs attending in the second and fourth grades 

were quite strong in mastering A3, the PSTs attending in the third grade were strong in mastering A4. 

The relationship between the PSTs’ probabilities of having each attribute and grade levels was 

presented in Table 12. 
 

Table 12. Distribution of Probability of Having Attributes of PSTs According to Grade Levels 
Attributes Grade Probability 

A1 Representing and interpreting data 1 .702 

2 .574 

3 .716 

4 .528 

A2 Drawing inferences about populations based on samples 1 .292 

2 .342 

3 .242 

4 .272 

A3 Selecting and using appropriate statistical methods to analyze data 1 .432 

2 .532 

3 .420 

4 .597 

A4 Understanding and applying basic concepts of probability 1 .453 

2 .332 

3 .528 

4 .326 
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DISCUSSION and CONCLUSION 

This study investigated whether the PSTs’ possession of four fundamental skills in statistics and 

probability differed according to gender, university entrance base score, and grade level variables by 

using their responses to the Statistical Reasoning Test developed by Arican and Kuzu (2019). The test 

measured four key skills, which are referred as attributes: Representing and interpreting data (A1), 

Drawing inferences about populations based on samples (A2) Selecting and using appropriate 

statistical methods to analyze data (A3), and Understanding and applying the basic concepts of 

probability (A4). The PSTs’ responses were analyzed in the Mplus program using LCDM, one of the 

cognitive diagnostic models, and the probabilities of having attributes for each PST were calculated. 

Subsequently, these probabilities were examined in terms of gender, ranking of the attended university, 

and grade level variables. 

The findings showed that the PSTs’ possessions four key attributes in statistics and probability did not 

significantly differ according to gender. This result supports studies (e.g., Chiesi & Primi, 2015; 

Duckworth & Seligman, 2006; Else-Quest et al., 2010; Lindberg et al., 2010) indicating that the 

achievement gap in mathematics between female and male students is decreasing or ending. In terms 

of statistics and probability, this result is also consistent with the finding that eight grade female and 

male students obtained very close mean scores in the data and chance domain in TIMSS 2015 study 

(Mullis et al., 2016). On the other hand, this result differs from studies (e.g., Bulut et al., 2002) that 

emphasize that males are more successful in probability than females. While the probabilities of male 

and female PSTs’ possession of Attribute 1 and Attribute 3 were very close to each other, male PSTs 

obtained a higher probability for the possession of Attribute 4, whereas female PSTs obtained higher 

probability for the possession of Attribute 2. This finding showed that female PSTs were more 

successful in making predictions and drawing inferences from data than male PSTs. Furthermore, male 

PSTs were more successful in understanding and applying the basic concepts of probability than 

female PSTs. 

When the PSTs’ possession of four attributes in statistics and probability are examined in terms of the 

attended universities’ base entrance score levels (i.e., high, medium, low), there was a significant 

difference between all groups for A1, A3, and A4, and there was no statistically significant difference 

for A2. The analysis showed that the PSTs who were attending the university with a higher base 

entrance score were more successful in A1 and A4 than the other two groups. In their study with first-

year students (i.e., freshman), Atuahene and Russell (2016) found that the students’ university entrance 

scores made an extraordinary contribution to their performance in mathematics courses at the 

university level. Therefore, this result supports our finding that the PSTs attending the university with 

a higher base entrance score were more successful in A1 and A4 than the PSTs who were attending 

the remaining universities with lower scores. On the other hand, compared to the other two groups, the 

PSTs who were attending universities with lower base entrance scores were more successful in A3. In 

order for the PSTs to use appropriate statistical methods, they have to know rules and formulas learning 

which require mechanical and rote methods such as memorizing. For this reason, the PSTs attending 

universities with low base scores may possess this attribute more likely than the other two groups. 

This study also examined whether the PSTs’ possession of attributes in statistics and probability 

differed according to their grade levels. The findings showed that the PSTs’ possession of attributes 

differed statistically for A1, A3, and A4, and no significant difference was found for A2. In terms of 

the probabilities of having A1 and A4, a significant difference was found among the PSTs attending 

first grade and second and fourth grades in favor of the first grade, and there was a significant 

difference among the PSTs attending to the third grade and second grade and between the third grade 

and fourth grade, in favor of the third grade. This result may be due to the fact that first-year PSTs had 

studied statistics and probability topics during the preparation process of university exams. Similarly, 

the success of the third year PSTs in having these attributes can be explained by the fact that statistics 

and probability courses are provided in the third year in mathematics education programs. Therefore, 

the PSTs’ past experiences on statistics and probability made a positive effect on their possession of 

Attribute 1 and Attribute 4. It is noteworthy that except Attribute 3, the probabilities of fourth grade 
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PSTs’ possessions of attributes were lower than the other grade levels. Although the PSTs are expected 

to be well prepared for teaching statistics and probability topics in their last year of the program, this 

finding revealed an opposite condition. Therefore, as stated by Batanero and Díaz (2012), Batanero et 

al., (2004), and Franklin and Mewborn (2006), the fourth grade PSTs’ lack of three fundamental 

attributes pointed to the shortcomings of higher education programs in terms of teaching statistics and 

probability topics. 

 

Suggestions 

In this study, although the PSTs’ probabilities of having four attributes varied according to the ranking 

of the attended university and grade levels, their probabilities of having Attribute 1 were generally 

high for these two variables. However, their probabilities of having the remaining three attributes, 

especially Attribute 2, were quite low. Therefore, this result suggests that teacher education programs 

should be planned more effectively for teaching statistics and probability topics. For this purpose, real-

life activities should be prepared in order to increase the PSTs’ cognitive competence and to generate 

their meaningful learning of statistics and probability topics. These activities should be included in 

secondary and higher education programs and associated with the standards existed in curricula. In 

addition, although little known about CDMs in comparison to CTTs, which is one of the limitations of 

this study, it is important that they provide a different perspective on the field. For this reason, the 

inclusion of CDMs in mathematics education studies will allow educators providing diagnostic 

evaluations and solution suggestions for the problems encountered. 
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