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 This study investigated empirical evidence for construct validity of the TIMSS 2011 Mathematics test 

by using sample of fourth and eighth grade Turkish students (n=4091). The purpose of this study 

was to analyze construct validity of the TIMSS 2011 mathematics test by using Turkish students’ 

data. A confirmatory factor analysis model was formed with using cognitive domain definitions for 

each mathematics items presented by TIMSS assessment framework. In this three-factor model, 

observed variables (items) were associated to three latent variables (mathematics cognitive domain), 

namely knowing, applying and reasoning. Fit indices of confirmatory factor analysis, conducted by 

LISREL, showed mixed results. For eighth grade booklets, the proposed model was supported by the 

data, however, for fourth grade booklets the proposed model was not supported completely. 

Besides, seven of the items were found to be correlated with other cognitive domains than with the 

defined one. Evaluation of these items showed that four of them were problematic. These results 

showed that for the eighth grade, the mathematics cognitive domain defined by TIMSS also works 

for the Turkish sample and that a scale score for each cognitive domain could be used confidently. 

However, for the fourth grade, a scale score for each cognitive domain should be used with caution 

for Turkish students. 
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Introduction 

Student achievements in mathematics as measured by international comparison examinations such as 

TIMSS (Trends in International Mathematics and Science Study) have been one of the main research 

concerns all around the world. By using data collected in these exams, many analysis and conclusions were 

made, such as the evaluation of TIMSS results (Yayan, 2009); comparative analysis of questionnaires across 

years (Yıldırım et al., 2012); factors affecting mathematics and science achievement (Berberoglu et al., 2003; 

Akyüz & Berberoğlu, 2010; Demir & Kılıç, 2010; Ceylan & Berberoglu, 2007); comparison of characteristics of 

high achieving and low achieving countries (Incikabi et al., 2012; Ozturk & Ucar, 2010); relation of 

mathematics performance and motivation of test-takers (Eklöf, 2007); and opinions of students towards the 

Mathematics course (Bilican et al., 2011). Besides, policy makers would use these test results and 

implications drawn from these comparisons to improve their educational systems. However, the validity of 

these results could be undermined if these test results were not valid for some countries. Moreover, some 

concerns related to these international comparisons were provided. For instance, Eckert (2008) summarized 

that sampling, curriculum, common definitions and methodological issues took some criticisms. Therefore, it 

is necessary to provide evidence related to construct validity of these examinations for each participating 

country. Besides, construct validity has special importance when a test is used in an international 
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comparison. The reason for this special importance is that the main assumption of these assessments is the 

construct that is measured should be same for every participant (Baykal & Circi, 2010).  

Information about TIMSS 

TIMSS gives comparative achievement results for more than 60 countries. Many of these countries use 

TIMSS results to improve their educational systems. TIMSS started in 1995 and has been conducted in a four 

year cycle for both fourth and eighth grade students. A country that participates in each TIMSS cycle 

regularly gets information about its own developmental trends. In each administration, together with 

mathematics and science achievement data, detailed background information about students, teachers, 

school resources, quality of curriculum and instruction was collected by several questionnaires. In 2011, the 

fifth and most recent TIMSS was conducted (Mullis et al., 2009). TIMSS Mathematics and Science 

achievement test results give information about the effectiveness of a curriculum and instruction by using 

students’ answers to test items. Therefore, countries can monitor their weaknesses and strengths in 

mathematics and science in an international context (Mullis et al., 2009). 

Mullis et al. (2009) in TIMSS 2011 mathematics assessment framework explained important aspects of 

how mathematics is viewed in TIMSS. The researchers maintained that the ability to use mathematics is 

crucial in today’s competitive world. The study also emphasized that learning mathematics for its own sake 

should not be the primary reason to teach mathematics. For the fourth and eighth grades, the TIMSS 2011 

assessment framework emphasized two domains: content domain and cognitive domain. The content 

domain specifies covered subject matters, namely numbers, geometric shapes and measures and data 

display for the fourth grade, whereas numbers, algebra, geometry, and data and chance for the eighth grade. 

The cognitive domain specifies thinking processes that are measured, namely knowing, applying and 

reasoning for both fourth and eighth grades.  

The knowing domain is related to facts, concepts and procedures that students are expected to know. 

TIMSS defined that the term facts refer to factual knowledge that is related to the basic language of 

mathematics and properties that build the mathematical thoughts. The term concepts refer to making 

connections using elements of knowledge. Procedures are defined as a bridge between basic knowledge and 

usage of mathematics and recalling sets of actions. Students are expected to be efficient and accurate in 

conducting computational procedures and tools in TIMSS. Knowing domain includes Recall, Recognize, 

Compute, Retrieve, Measure and Classify/Order sub-skills. In recall sub-skill, students are expected to recall 

definitions, terminology, number properties, geometric properties, and notations. In recognize sub-skill, 

students are expected to recognize mathematical objects (shapes, numbers, expressions, and quantities), 

mathematical entities that are mathematically equivalent. In compute sub-skill, students are expected to 

carry out algorithmic procedures for operations with whole numbers, fractions, decimals and integers; to 

approximate numbers to estimate computations; and to carry out routine algebraic procedures. In retrieve 

sub-skill, students are expected to retrieve information from graphs, tables, or other sources; to read simple 

scales. In measure sub-skill, students are expected to use measuring instruments; to choose appropriate units 

of measurement. In classify/order sub-skill, students are expected to classify objects, shapes, numbers and 

expressions according to common properties; to make correct decisions about class membership; to order 

numbers and objects by attributes (Mullis et al., 2009).    

The applying domain is related to students’ ability to apply knowledge and conceptual understanding 

to solve problems. In applying domain application of mathematical tools in a specific context is essential. 

Similarly, routine problem solving ability is a core component of applying domain. Applying domain 

includes Select, Represent, Model, Implement and Solve Routine Problems sub-skills. In select sub-skill, 

students are expected to select a proper operation, method or strategy to solve problems where there is a 

known procedure, algorithm, or method of solution. In represent sub-skill, students are expected to show 

mathematical information and data in diagrams, tables, charts, or graphs, and generate equivalent 

representations for a specific mathematical relationship. In model sub-skill, students are expected to 

generate an appropriate model, such as an equation, geometric figure, or diagram to solve a routine 

problem. In implement sub-skill, students are expected to implement given mathematical instructions. In 

solve routine problem sub-skill, students are expected to solve routine problems (in familiar contexts or 

purely mathematical) similar to problems engaged in class (Mullis et al., 2009).    



Serkan Arıkan 

31 

The reasoning domain is related to encompassing unfamiliar situations, complex contexts and 

multistep problems. TIMSS defined that reasoning is related to having capacity of logical and systematic 

thinking, ability to conduct intuitive and inductive reasoning to reach solutions to non-routine problems. 

Non-routine problems are defined as problems that are generally unfamiliar to students. They require higher 

level of cognitive skills to reach to the solution than routine problems. Reasoning domain involves Analyze, 

Generalize/Specialize, Integrate/Synthesize, Justıfy, and Solve Non-routine Problems. In analyze sub-skill 

students are expected to determine, describe or use relationships between variables or objects in 

mathematical situations, and to make valid inferences from given information. In generalize/specialize sub-

skill, students are expected to extend their mathematical thinking and problem solving by restating results in 

more general and widely applicable terms. In integrate/synthesize, students are expected to make 

connections between forms of knowledge and different representations of it, to produce links between 

related mathematical ideas, to combine mathematical facts, concepts, and procedures to produce results and 

to use results to produce another result (Mullis et al., 2009). 

Item writing process of TIMSS 2011 was achieved by many rules that were described in TIMSS 2011 

Item Writing Guidelines. Item writers worked in groups of two or three and these groups were assigned 

specific content areas. All items were written in English and collected at the end of each day. Groups were 

expected to produce 10 to 12 items per day. Item writers were given a detailed guideline which emphasized 

matching content domain and paying particular attention to cognitive domains when item was produced. 

For each item, item writers were expected to consider answers to the following questions: “what knowledge 

does this item allow a student to show?” and “what cognitive processes does this item require a student to 

demonstrate?” Therefore, content and cognitive domain information of items was provided by item writers. 

Besides, producing items according to the best suitable item format and producing half of the items in 

multiple-choice and half of the items in constructed response worth 1 or 2 score point was advised. Each 

constructed-response items were expected to be developed with a specific scoring guide. For both item 

formats, separate item review checklists were given to evaluate each item. In these item checklists, “whether 

or not content and cognitive classification is correct” was asked explicitly. Moreover, item writers were 

expected to consider timing, grade appropriateness, difficulty level, potential sources of bias and ease of 

translation. After all items were developed, items and related definitions were reviewed by TIMSS & PIRLS 

International Study Center staff, the mathematics and science coordinators and consultants, the Science and 

Mathematics Item Review Committee and the National Research Coordinators (Mullis & Martin, 2012). 

In TIMSS, each content domain includes items related to the respective cognitive domain. In TIMSS 

2011, for the fourth grade, 40% of the items were related to knowing, 40% of the items were related to 

applying and 20% of the items were related to reasoning. Similarly, for the eighth grade, 35% of the items 

were related to knowing, 40% of the items were related to applying and 25% of the items were related to 

reasoning. These content and cognitive domains were given importance within the TIMSS structure, 

therefore in TIMSS 2011 scale scores of these domains were separately reported for each student. TIMSS 

released many items after administrations were completed. When the released items were published, the 

content and cognitive domain information and explanation related to that item was also presented by 

TIMSS. In TIMSS 2011, items of four out of fourteen mathematics booklets were released for both grade 

levels (Mullis et al., 2009). In Appendix A, a sample of items representing each cognitive domain for 4th and 

8th grade is presented. 

Turkey’s standings in TIMSS 

The first TIMSS was administered in 1995 with 45 participating countries; however Turkey did not 

participate in that administration. The following TIMSS was administered in 1999 with 38 participating 

countries only for grade eight. Turkey found a position as 31st among these countries at the eighth grade. 

The next TIMSS was administered in 2003 with 53 participating countries. Turkey did not participate in that 

administration. The following TIMSS was administered in 2007 with 49 participating countries for eighth 

grades. Turkey was placed in the 30th position among these countries. Turkey attended the TIMSS fourth 

grade test for the first time in the 2011 administration. Turkey positioned itself as the 35th among 53 

countries in grade four. In grade eight, Turkey scored 25th place among 46 countries (TIMSS & PIRLS 

International Study Center, 2013). Although several reform attempts in the Turkish educational system were 

conducted throughout years, Turkey was still scoring positions under the average.  
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Construct Validity 

Messick (1989) defined validity as “an integrated evaluative judgment of the degree to which empirical 

evidence and theoretical rationales support the adequacy and appropriateness of interpretations and actions 

based on test scores” (p.13).  Therefore, in order to use TIMSS scores appropriately, empirical evidence 

related to its validity should be presented. It is important that the content of TIMSS should be covered by 

students as part of their education. Each subtopic was defined by a list of objectives that were covered by 

participating countries. Therefore, the appropriateness of a content domain for students in a participating 

country was controlled by national centers. Besides, Turkish teachers claimed that the content domain of 

TIMSS 2011 was very close to the national curriculum (Yücel et al., 2013). This is related to providing content 

validity proof for TIMSS. Content validity is related to deciding whether or not the content of an instrument 

is a proper sample of the domain of the content (Fraenkel & Wallen, 2005). Having the content validity is not 

enough for correct interpretations of scores. The question of “What does an instrument really measure?” 

could be answered by providing construct validity evidence (Cronbach, 1971). Construct validation is 

defined as a “research process by which one goes about establishing construct validity; that is, the process of 

collecting evidence that a test or other operational measure does indeed reflect the theoretical construct” 

(Arvey, 1992). Construct validity evidence is related to statistical analysis to test whether or not a test 

measures what it intends to measure. Confirmatory factor analysis (CFA) is used in construct validation 

studies. CFA gives information about what is measured by a test and what the dimensions of a test are 

(Zumbo, 2005). The main purpose of CFA is to test whether or not the established measurement model is 

supported by the collected data (Kline, 1998; Sharma, 1996). Therefore, by using CFA, whether or not the 

cognitive domains defined in TIMSS mathematics framework is supported by student answers should be 

evaluated. This evaluation is related to providing construct validity evidence for TIMSS. Especially, 

providing this type of evidence for a country would be helpful to show that TIMSS provides fair results in 

terms of measured cognitive skills for that country. Specifically, this study will focus on providing construct 

validity evidence for the Turkish sample in the TIMSS 2011 mathematics test. 

The literature review results indicated that there was not any research related to construct validity of 

mathematics tests in TIMSS 2011. Therefore, studies using cognitive domain sub-scores of TIMSS would 

have problems in their results. In order to enlighten on this issue, the purpose of this study was to analyze 

construct validity of the TIMSS 2011 mathematics test by using Turkish students’ data at the fourth and 

eighth grades. In order to achieve this goal, the cognitive domains definitions of mathematics items were 

used. The research problem of this study was “Is the cognitive domain defined in the TIMSS 2011 

mathematics assessment framework supported by Turkish students’ data for the fourth and eighth grades?” 

Method 

Measures and Variables 

The TIMSS 2011 study administered achievement tests and questionnaires in order to collect data. The 

present study used released fourth and eighth grade mathematics items. In TIMSS 2011, there were fourteen 

mathematics booklets for the fourth grade and fourteen mathematics booklets for the eighth grade. Each 

item was presented in two booklets which allowed linking student responses from different booklets. The 

booklets were distributed randomly among students. Among these fourteen booklets, items in four booklets 

were released as sample items (Mullis et al., 2009). In this study, these released four booklets for the fourth 

and eighth grades were used because item descriptions were necessary for analysis. 

In TIMSS 2011 released items document, content domain and cognitive domain explanations about all 

released items were given (Foy, Arora & Stanco, 2013). As Table 1 shows, the number of items in each 

booklet varies from 21 to 27 for the fourth grade, and 26 to 33 for the eighth grade. It is worth mentioning 

that for each booklet, the numbers of items related to cognitive domains differ. For instance, for the eighth 

grade, the number of items related to reasoning cognitive domain ranges from 5 to 13. 
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Table 1. General information about TIMSS 2011 released booklets 

Grade Booklet Number of 

Students 

Number of 

Items 

Number of 

Items related to 

Knowing 

Number of 

Items related to 

Applying 

Number of 

Items related to 

Reasoning 

4 1 531 21 7 6 8 

4 2 535 26 12 9 5 

4 5 537 25 11 10 4 

4 6 513 27 11 12 4 

8 1 503 26 7 6 13 

8 2 488 32 10 13 9 

8 5 490 32 15 11 6 

8 6 494 33 14 14 5 

 

Sample 

The data analyzed in this study were obtained from the TIMSS 2011 study from 

http://timssandpirls.bc.edu/timss2011/international-database.html. The target population of TIMSS is all 

students enrolled at the fourth and eighth grades. A country may join in both grades or choose one of them. 

The sampling procedure for TIMSS 2011 was planned by TIMSS & PIRLS International Study Center in 

cooperation with Statistics Canada and the IEA (The International Association for the Evaluation of 

Educational Achievement) Data Processing and Research Center. The implementation of this procedure was 

achieved by the participating country’s National Research Coordinator and TIMSS sampling experts. In 

TIMSS, the two-stage random sample design was used. In the first stage, a sample of schools was selected; in 

the second stage, classes of students were selected among these schools. This procedure was used in order to 

reach classroom based conclusions such as students’ curricular and instructional experiences. With using all 

of these procedures, it is achieved that the average age of fourth and eighth graders is at least 9,5 and 13.5 

years respectively (Joncas and Foy, 2012). The sample for the present study comprised all fourth and eighth 

grade Turkish students who took booklet one, two, five and six in the TIMSS 2011 study since the item 

descriptions were released only in these booklets. The 4th grade sample consisted of 2116 students (49.3% 

girl and 50.7% boy) with average age of 10.07. The 8th grade sample consisted of 1975 students (50.1% girl 

and 49.9% boy) with average age of 14.06. As Table 1 shows, on average 529 students answered fourth grade 

booklets whereas on average 494 students answered eighth grade booklets. 

The Procedure for Data Analysis 

The current study utilized confirmatory factor analysis to examine construct validity of TIMSS 2011 

mathematics tests for Turkish students. By using the cognitive domain definitions presented by TIMSS, 

confirmatory factor analysis models for each released booklet were established. Specifically, in these models, 

items that were associated with three latent variables (knowing, applying and reasoning cognitive domain) 

were tested separately for each booklet. 

When construct validity investigation using confirmatory factor analysis is actualized, LISREL can be 

used (Jöreskog & Sörbom, 1999; Byrne, 1998; Schumacker & Lomax, 2004). Therefore, in the present study, 

for the purpose of conducting confirmatory factor analysis LISREL was chosen. In structural equation 

models like confirmatory factor analysis, generally the Maximum Likelihood (ML) estimation method is 

used. However, Jöreskog (2004) claimed that ordinal variables should be analyzed with other estimation 

techniques, such as Weighted Least Square (WLS). It is also added that ordinal variables are not continuous 

therefore they should not be included in the analysis as they are. One should be aware of that as ordinal 

variables do not have origins or unit of measurement, means, variances, and covariances of ordinal variables 

make no sense. The only information that could be activated is number of cases in each cell of a multiway 

contingency table. Therefore, conducting confirmatory factor analysis with ordinal data requires some 

caution. The ML method requires a sample covariance matrix with a multivariate normal distribution. 

http://timssandpirls.bc.edu/timss2011/international-database.html
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However, this is not possible for ordinal data. The remedy is to use WLS method based on polychoric 

correlation with asymptotic covariance matrix to get correct standard errors and chi-squares. In the current 

study, all observed variables were converted to ordinal variables with either 0 (incorrect response) and 1 

(correct response) values or 0 (incorrect response), 1 (partially correct response) and 2 (correct response) 

values related to maximum value of an item. Therefore, the WLS method was used for LISREL analyses as 

advised by Jöreskog.   

As LISREL needs covariance matrixes and asymptotic covariance matrixes to run WLS estimation 

method, these matrices were generated by using the PRELIS program. Confirmatory factor analysis requires 

an assessment to establish whether or not the proposed model is a good one. A good model is a model in 

which the difference between covariance matrix obtained from student data and covariance matrix implied 

by the hypothesized model is minimum (Ullman, 2001). This difference is evaluated by using several fit 

indices. Sun (2005) advised to report Standardized Root Mean Square Residual (SRMR), Non-Normed Fit 

Index (NNFI), Comparative Fit Index (CFI) and Root Mean Square Error of Approximation (RMSEA) fit 

indices to assess goodness of fit of confirmatory factor analysis in construct validation research. In this study, 

criteria for a good model were determined as values below 0.08 for SRMR (Hu & Bentler, 1999), 0.95 or 

higher for NNFI (Hu & Bentler, 1999), 0.95 or higher for CFI (Ullman, 2001), and values below 0.05 for 

RMSEA (Byrne, 1998; Hu & Bentler, 1999; Ullman, 2001).  In addition to these fit indices, frequently used fit 

indices of Goodness of Fit Index (GFI) and Adjusted Goodness of Fit Index (AGFI) also reported to get wider 

evaluation. For these indices, criteria for a good model were values above 0.95 for GFI (Schumacker & 

Lomax, 2004), and values above 0.90 for AGFI (McDonald & Moon-Ho, 2002). Sun (2005) reported that 

SRMR and RMSEA have a minimum value of zero; CFI, GFI and AGFI have upper bound of 1. It is also 

added that although NNFI gets value between “0” to “1”, it is not always constrained to zero-to-1 range. 

Results 

The Cronbach’s alpha reliability coefficients calculated by SPSS 21 for fourth and eighth grade booklets 

were given in Table 2. These values indicated that fourth grade booklets had “good” reliability as 

Cronbach’s alpha reliability coefficients of these booklets were between 0.800 and 0.900, and eighth grade 

booklets had “excellent” reliability as Cronbach’s alpha reliability coefficients of these booklets were above 

0.900 (George & Mallery, 2001). 

Figure 1 shows a conceptual diagram of the confirmatory factor model proposed by mathematics 

cognitive domain definitions in TIMSS 2011. As seen in this figure, each item was proposed to be associated 

with its own cognitive domain. It was expected that this proposed model would be supported by student 

data. Moreover, it was necessary to investigate whether or not any item was also correlated with another 

cognitive domain by evaluating suggested modification indices and cross-loadings values. In the analysis, 

error terms were freed to correlate. 
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           Figure1. Conceptual diagram for confirmatory factor analysis of TIMSS 2011 Turkish sample 

Confirmatory factor analyses results for fourth grade booklets by using LISREL 8.70 were presented in 

Table 2. The results showed that SRMR, RMSEA, NNFI and CFI values indicated a good fit of the data to the 

model. However, GFI and AGFI values for all fourth grade booklets were below the expected values of 0.95 

and 0.90 respectively. These mixed results required to investigate possible problems. Therefore, modification 

indices suggested by LISREL were investigated. For booklet 1, item M031346A was also suggested to be 

associated with knowing and reasoning cognitive domains; item M031346C was also suggested to be 

associated with the applying cognitive domain; item M051601 was also suggested to be associated with the 

knowing cognitive domain; and item M051064B was also suggested to be associated with the knowing 

cognitive domain. For booklet 5, item M031183 was also suggested to be associated with the reasoning 

cognitive domain and item M041160A was also suggested to be associated with the applying cognitive 

domain. For booklet 6, item M041160A was also suggested to be associated with the applying cognitive 

domain and item M031079B was also suggested to be associated with the reasoning cognitive domain. As 

modification indices suggested that there might be mismatch among some items and their cognitive domain 

definitions, cross-loadings of these items with suggested cognitive domains were calculated and provided in 

Table 3. Among these seven items (M041160A was problematic for two different booklets), four of them had 

higher cross-loading values with CFA suggested cognitive domains than TIMSS suggested cognitive 

domains. In Appendix B, items that exhibited problems are presented.    

According to the LISREL 8.70 analysis results given in Table 2 for the eighth grade, GFI, AGFI, SRMR, 

RMSEA, NNFI and CFI values were within acceptable ranges. Thus, these results indicated that the 

proposed model was supported by the collected eighth grade data as all indices showed a very good fit. 

Besides that, for all booklets, there were not any modification indices suggestions. Therefore, it was 

concluded that the cognitive domain defined in the TIMSS eighth grade was valid for Turkish students’ data. 
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Table 2. Cronbach’s alpha reliability coefficient and confirmatory factor analysis results for TIMSS 2011 

Turkish sample 

Grade Booklet Alpha GFI AGFI SRMR RMSEA NNFI CFI 

4 1 0.846 0.74 0.68 0.079 0.044 0.99 0.99 

4 2 0.860 0.80 0.77 0.060 0.024 1.00 1.00 

4 5 0.874 0.78 0.73 0.060 0.028 0.99 1.00 

4 6 0.883 0.75 0.70 0.066 0.034 0.99 0.99 

8 1 0.909 0.95 0.94 0.033 0.048 0.96 0.96 

8 2 0.919 0.95 0.94 0.032 0.040 0.97 0.97 

8 5 0.916 0.94 0.93 0.035 0.000 1.04 1.00 

8 6 0.913 0.92 0.91 0.038 0.000 1.04 1.00 

      

Table 3. Cross-loadings of problematic items with suggested cognitive domain  

  Grade Booklet Item Knowing Applying  Reasoning 

4 1 M031346A 1.24** -1.61* 1.08** 

4 1 M031346C  -0.64** 1.77* 

4 1 M051601 1.51** -0.79*  

4 1 M051064B 0.48** 0.30*  

4 5 M031183  -1.84* 2.30** 

4 5 M041160A 1.40* -0.61**  

4 6 M041160A 1.19* -0.41**  

4 6 M031079B  1.48* -0.65** 

* Suggested by TIMSS item developers 

** Suggested by CFA analysis results     

Conclusion and Discussion 

In the present study, the main aim was to analyze whether the cognitive domain defined in TIMSS 2011 

mathematics assessment framework was supported by the fourth and eighth grade Turkish students’ data. 

In order to achieve this aim, a three-factor confirmatory model was formed for eight released booklets. In the 

confirmatory factor analysis model, each item was associated with its defined cognitive domain, and the fit 

was tested. The results indicated that the overall structure was supported by Turkish students’ data and 

none of the items was more correlated with another cognitive domain for eight graders. These findings 

imply that the cognitive structure of TIMSS 2011 was also valid for eighth grade Turkish students. However, 

for the fourth grade Turkish students’ data mixed results were obtained. SRMR, RMSEA, NNFI and CFI 

values were within acceptable range, whereas GFI and AGFI values were below the expected values which 

implied the proposed model was not adequately supported. Especially, seven items in fourth grade booklets 

were suggested to be associated with other cognitive domains than the defined cognitive domains. 

Evaluation of these modifications showed that four of these suggestions produced higher cross-loading 

values.  

Modification indices suggestions and cross-loading values implied that items M031346A, M051601, 

M051064B, and M031183 were problematic and malfunctioned for Turkish sample (Appendix B). Evaluation 

of these items in terms of cognitive domain definitions would make it possible to detect problems. For the 

item M031346A, TIMSS item developers claimed that it measures applying cognitive skill whereas analysis 

results suggested knowing and reasoning cognitive skills. In this item, trading cards according to given rule 
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is asked. There are four more items (M031346B, M031346C, M031379, and M031380) similar to this item in 

which their cognitive domains were claimed as reasoning by TIMSS. All of these items are related to content 

of proportion. As proportion topic is not covered by Turkish students at the fourth grade (MONE, 2009), 

item M031346A should be considered as non-routine problem which is associated with reasoning cognitive 

domain (Mullis et al., 2009). Another item considered to be problematic is M051601. This item is claimed to 

be related to applying cognitive skill, whereas CFA results indicated it as knowing cognitive skill. When this 

item is investigated, it is seen that the next figure in a pattern is asked. The patterns concept is given special 

importance in Turkish curriculum. It starts from the first grade and expands in a spiral structure. Especially 

at the third grade, expansion of patterns and the next figures in patterns are one of the objectives of 

curriculum (MONE, 2009). Turkish students are familiar with these basic patterns. Therefore, the cognitive 

process in this item is related to recalling the pattern which is associated with knowing cognitive domain 

(Mullis et al., 2009). For the item M051064B, TIMSS reported that this item measures applying cognitive skill, 

however CFA results indicated knowing cognitive skill. In this item, locating a point according to a given 

example is asked. There is one other item (M051064A), which is very similar to this item. However, that item 

is reported to measure knowing cognitive skill by TIMSS. According to TIMSS 2011 Assessment Framework, 

item M051064B is related to retrieve information which is associated with knowing cognitive domain (Mullis 

et al., 2009). The last item considered to be problematic is M031183. This item is claimed to be related to 

applying cognitive skill, whereas CFA results indicated reasoning cognitive skill. In this item, dividing a 

rational number into two is asked. As this topic is not covered at 4th grade in Turkish educational system 

(MONE, 2009), Turkish students could only reach solution to this non-routine problem by activating their 

intuitive reasoning ability (Mullis et al., 2009). Therefore, these four items were decided to be problematic 

not only by statistical analysis, but also according to evaluation of Turkish educational program and TIMSS 

Assessment framework. These findings imply that the TIMSS 2011 fourth grade booklets might not be 

adequately valid for Turkish students in terms of the defined cognitive domain as it was for eighth grade 

booklets. Therefore, separately reported cognitive domain scores for fourth grade students should be used 

with caution.       

The construct validity evidence for the eighth grade implied that the TIMSS 2011 mathematics 

assessment was fair for Turkish students in terms of defined cognitive domain. Items in eighth grade 

booklets adequately represent knowing, applying and reasoning cognitive domains. Therefore, separately 

estimated subscores of each cognitive domain could be used to conduct research inquiring reasons for low 

achievement of Turkish students confidently. Prospective detailed analysis by using these subscores is 

expected to produce reliable and valid results.    

The general structure of items at the fourth grade was not adequately supported in the Turkish context. 

It is considered that “construct-irrelevant variance” (Hubley & Zumbo, 2011) was occurred for fourth grade 

booklets. The main reason was considered to be due to some items that were associated with more than one 

cognitive domain. It would require another research topic on whether or not these items also contain DIF. In 

addition, there is a need to investigate if this low fit occurred only for the Turkish data or if it is general for 

all TIMSS 2011 fourth grade data. Although the actual reason could be investigated, it is important to note 

that the result obtained for the fourth grade implied that separately estimated subscores of each cognitive 

domain could not be used for Turkish students confidently. Any study that would use the knowing, 

applying and reasoning subscores would be biased for fourth grade Turkish students. Besides that 

Cronbach’s alpha reliability coefficients for fourth grade booklets were lower than eighth grade booklets. 

This finding implies that some of the fourth grade items could have lower item-total correlation and that 

students would have difficulty understanding these items.  

The findings of this study propose important implications for developers of TIMSS. Although detailed 

information and many results were given about each cognitive domain measured in TIMSS (Mullis et al., 

2009 & Mullis et al., 2012), a statistical explanation about construct validity for each country was not present. 

Similarly, National Turkish TIMSS 2011 reports (Yücel et al., 2013) gave explanations about the results 

related to these cognitive domains, however, no information about validity of these cognitive domains was 

given. Whether or not the defined cognitive domain structure was supported by data should also be 

reported in TIMSS technical reports. This study is expected to be a starting point in validating these 

cognitive domains. 
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These findings are very important for Turkish policy makers. They should place more emphasis on the 

scientific reasons of low achievement. Confirmed structure of TIMSS mathematics assessment at the eighth 

grade implies that when constructing the mathematics curriculum, instructions on how cognitive domains 

would be taught should be clearly defined in order to be more successful in TIMSS and other international 

examinations. Turkey had an average scale score of 452 for total: 441 for knowing, 459 for applying and 465 

for reasoning at the eighth grade (Mullis et al., 2012). Having the lowest score on the knowing cognitive 

domain implies that Turkish students had problems even with basic mathematical knowledge. Therefore, 

placing an importance on not only the content domain but also the cognitive domain starting from knowing 

to higher order thinking skills like applying and reasoning would increase student achievement. Similarly, 

Olkun and Aydoğdu (2003) proposed, related to low TIMSS 1999 mathematics achievement, that teaching 

mathematics content dimension like geometry with only memorization techniques without using higher 

order thinking skills might be one of the reason of low achievement of Turkish students.   

The results of this study could be used for shaping teaching practices. As Yücel et al. (2013) explained, 

Turkish teachers claimed that the content domain of TIMSS 2011 was congruent with the Turkish national 

curriculum. Turkish curriculum got the 11th position in this congruence at the fourth grade and 3rd at the 

eighth grade. Therefore, as Turkey had a similar curriculum with TIMSS, the content domain probably was 

not the reason of low achievement. Teachers should place more emphasis on cognitive domains when they 

teach mathematics. After transferring basic knowledge and facts, activities related to routine and non-

routine problems should be used more frequently.  
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Appendix A. 

TIMSS 2011 Sample Released Items 

Sample 

Item 1:  

M031083 

Grade: 4th  

Cognitive 

Domain: 

Knowing 

 

 

Sample 

Item 2:  

M051305 

Grade: 4th  

Cognitive 

Domain: 

Applying 

  

Sample 

Item 3:  

M051001 

Grade: 4th  

Cognitive 

Domain: 

Reasoning 
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Sample 

Item 4:  

M052216 

Grade: 8th  

Cognitive 

Domain: 

Knowing  

Sample 

Item 5:  

M052061 

Grade: 8th  

Cognitive 

Domain: 

Applying 
 

Sample 

Item 6: 

M052206  

Grade: 8th  

Cognitive 

Domain: 

Reasoning 
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Appendix B. 

TIMSS 2011 Problematic Items 

Problematic 

Item 1:  

M031346A

 

Grade: 4th  

Cognitive 

Domain: 

Applying 

 

According 

to CFA: 

Reasoning 

  

 

Problematic 

Item 2:  

M051601

 

Grade: 4th  

Cognitive 

Domain: 

Applying 

 

According 

to CFA: 

Knowing 
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Problematic 

Item 3:  

M051064B

 

Grade: 4th  

Cognitive 

Domain: 

Applying 

 

According 

to CFA: 

Knowing 

 

 

Problematic 

Item 4:  

M031183

 

Grade: 4th  

Cognitive 

Domain: 

Applying 

 

According 

to CFA: 

Reasoning 

 

  


