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CHAPTER 1 

 

 

INTRODUCTION  

 

 

1.1. Background of the Study 

 

Schools prepare children for life and inevitably for the jobs of the future. If we 

think of school as the first system where education is systematically given, we 

assume that all schools are in this way equal and fair. They can prepare children 

for jobs that have not yet been created, the technological inventions that have yet 

to be discovered, and problems that have not been predicted (Rios et al., 2020; 

The Organization for Economic Cooperation and Development [OECD], 2018a, 

2019). However, major factors that affect education in this competitive world are 

economic, political, social, and technological trends. Under these environmental, 

economic, and social factors, schools should help every learner to develop as a 

whole person and at the same time consider their well-being. Not only should 

they provide new opportunities for human advancement, but they should also 

provide formal or informal learning environments to equip them with the skills 

they need to accomplish in this new world. More importantly, they should create 

a teaching and learning atmosphere which can help this generation confidently 

utilize these skills and demonstrate competencies (Rotherham & Willingham, 

2010; Van Laar et al., 2020; Voogt & Roblin, 2010).  

 

Entering school, children for the first time experience an environment other than 

that of their families, and they must adjust by becoming part of a social group 

with new rules. Predictably, there are many differences between children as they 

attend school for the first time. Some are ready for school while others are not 

and their prior learning and the skills they come with differ, as does their basic 

levels of skill acquisition, interests and attitudes. Having different social levels 
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Table 2. 2. Sample Items in TIMSS Framework 

Sample 
Item # 

Label Content 
Domain 

Topic Area Cognitive 
Domain 

M041291 Subtract 428 - 176 
 

Number Whole numbers Knowing  

M051140 Expression for 
Jenny's age  
 

Number Expressions, 
Simple Equations, 
and Relationships 
 

Applying 

 
M041298 

Which rectangle is 
1/4 shaded 
 

Number Fractions and 
Decimals 
 

Knowing 

M041124 Use the rule to 
complete the table 
 

Number Expressions, 
Simple Equations, 
and Relationships 
 

Applying 

M051093 Perimeter of the 
given shape 
 

Geometric 
shapes and 
measures 

Two- and Three-
dimensional 
Shapes 
 

Reasoning 

M041264 What is the area of 
the triangle 
 

Geometric 
shapes and 
measures 

Two- and Three-
dimensional 
Shapes 
 

Applying 

M041191 Peter's height 
 

Data Display Reading, 
Interpreting, and 
Representing 
 

Applying 

M051077 What students did 
after school 
 

Data Display Reading, 
Interpreting, and 
Representing 
 

Applying 

 

Last but not least, when the authentic teacher-made examination items inspected 

related to measuring the amount of LoTs and HoTs, McREL International (2017) 

proposed the trend of item analysis findings from an international perspective 

and stated that teachers prepared the items mostly based on LoTs such as 

remembering (11.5%), understanding (27.6%), applying (32.1%); whereas in a 

limited portion of HoTs such as analyzing (16.2%), evaluating (5.1%) and 

creating (4.7%). In addition, the fact that the teachers mostly tend to ask LoT 

questions than HoTs were in support of earlier studies on the estimation that 70 

to 80 % of all items require the simple recall of facts (i.e., LoT items), while only 

20 to 30 % require the HoT items which triggers thought processes of clarifying, 
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governmental organizations (AÇEV, 2017; Ankara University, 2017; Bogazici 

University, 2017; ERG, 2017; METU, 2017) published their own views and 

suggestions. These organizations all agreed that there is a lack of process 

regarding who the stakeholders were in the new curriculum development 

process. These views and suggestions indicated that they could not evaluate 

because of the fact that they were not sure about the effectiveness and 

qualification of the group who had worked on the subject-matter and curriculum 

development process. However, it is an international belief that teachers should 

be at the heart of developing curriculum policy into practice (Priestley, 2017). 

Hence a critically significant suggestion was that the curricula should be 

reviewed by teachers who are qualified in the subject matter, experts, scientists 

and other stakeholders.  In addition, it was frequently reported that guidance for 

teachers was not sufficient about how the instructional strategies can be arranged 

by them and how general goals, learning outcomes can be evaluated. Teachers 

have recently been reinvented as change agents and professional curriculum and 

assessment experts through an ecological framework in global education policy. 

(Alvunger, 2018; Biesta et al., 2017; Priestley et al., 2015; Priestley, 2016, 

2017).  

 

One of the important points in achieving the targeted level of success with the 

draft program is that the program can be implemented effectively. One of the 

most important responsibilities at this stage is to allow teachers to be well-

trained on various assessment types, programmed, to have a say in the program 

or measurement preparation process. Teachers should be given the right and the 

duty to be involved in the decision-making process in order for the outputs of the 

program to be measured effectively. However, in Turkey, where the test system 

is so coherent that the use of the curricula is controversial, it remains unanswered 

how and to what extent teachers are involved in the process of the change in 

national curriculum-making (Priestley, 2010). In this context and in light of the 

discussions, the study is focus on the extent to which the teachers play a decisive 

role in the assessment and evaluation system in Turkey.  
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must acquire the appropriate information and abilities and then be urged to use 

these talents while creating the test items.   

According to Hartell and Strimel (2019), there are various assessment techniques 

but teachers are rarely provided with teacher training. They have a lack of 

knowledge from how to prepare assessment techniques to how to gather 

evidence of students' learning because they have been trained neither during at 

the department of teacher education nor practicing teaching or inductions 

(Lundahl, 2009). These researchers studied with 28 schools of which have a right 

to decide their own teaching and learning activities and these participating 

schools were asked to share their assessment and instructional documents in 

technology context. The main focus was analysis on testing materials. To 

illustrate, the questions prepared by teachers in each school were analyzed in 

terms of being MC, alternative response, short answers, restricted-response 

essay, extended-response essay, performance tasks and others or 

incomprehensible. The main results across 28 Swedish schools discovered that 

test items ranged from simple multiple-choice questions to essays whereas their 

quality ranged from well-written examples to having mistakes with some 

ambiguities. Of 413 assessment items, 48% of them (n = 199) were found to be 

short answers although %32 of them (n = 135) fell into the restricted-response 

and extended-response category. Then, MC items were found to be at the fourth 

level among test items. However, overall results showed that the tests mainly 

included specific terminologies and sentences and rarely aimed to assess higher-

order knowledge of students.  This study taught that teachers should provide 

better opportunities for every student during teaching, receive fair grading and 

better ability to assess their higher-order knowledge or thinking skills. They 

frequently require expert assistance to develop suitable learning activities and 

assessment methods, including but not limited to examinations. To sum up, it is 

important to determine the general approaches of teachers in preparing question 

formats and to take precautions when necessary.  

 

In a similar context, Hayati and his colleagues (2017) conducted a quantitative 

research design regarding the analysis of authentic assessment in the 2013 
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approach and the quality of middle school students' responses and responses to 

different items types, using multimodal mixed methods concurrent dominant 

status design. While setting out to achieve these aims, the literature scrutinized at 

all the comprehensive phenomenon one by one and does not approach it 

holistically yet. For example, individual studies examining the quality of 

teachers' in-class examination items, what kind of changes and adaptations they 

could make in their teaching methods and measurement-evaluation strategies are 

mostly found to use qualitative research methods. In addition, individual studies 

examining students' readiness and what kind of cognitive and affective sub-skills 

they could respond when exposed to qualified and higher-order item types use 

qualitative and quantitative approaches separately. With the improvement of 

innovations, those studies were supported by multimodal tools in the current 

research. Based on these wisdoms, the research questions attempted to be 

answered with deep data analysis through utilizing a mixed-methods approach 

with melting different point of views. 







83 

 
Figure 3. 1. Research Flow 



84 

 

Figure 3. 2. Integration Process of Mixed-methods Research 
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and self-confident students and to be the highest quality school of the future. 

There are 40 teachers, 2 guidance and psychological counseling teachers, 1073 

students and 29 classrooms. While in School 5, there are 35 teachers, 565 

students and 21 classes; in School 6, there are totally 23 teachers, 624 students 

and 22 classrooms. In School 7, it is stated that there are totally 72 teachers, 3 

guidance and psychological counseling teachers, 1190 students and 18 

classrooms, whereas, in School 8, there are 31 teachers, 348 students, and 20 

classrooms. It gives importance to educate pupils as self-confident, successful, 

principled, sensitive, open-minded, investigative-questioning, improved 

communication skills, self-evaluating, collaborative, creative and critical 

thinking, open to learning and innovation, intellectual, courageous, open to 

multi-faceted, assimilated national culture to educate globally thinking 

individuals.  

 

The participants of the overall research in line with research phases were 

described in Table 3.1.  
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Table 3. 1. Flow and Participants of the Study 
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Table 3.1. (continued) 
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Table 3.1. (continued) 
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Table 3.1. (continued) 
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Table 3. 2. Research Phases Related to Research Design 
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Table 3.2. (continued) 
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Bluetooth, 5xUSB 3.1, 1xHDMI, Win 10 Pro) to enhance the accuracy of the 

scientific results.  The initiatives that will be completed in this lab will be 

interdisciplinary academic research projects. Numerous academic fields, 

including linguistics, computer engineering, philosophy, industrial engineering, 

and psychology, contribute to Neurolab. The major areas of interest include 

cognitive neuroscience, human-computer interaction (HCI), brain-computer 

interaction (BCI), user experience research (UX), neurolinguistics, learning, and 

applied neuroscience (neuroeconomics, neuroergonomics, and neuromarketing). 

 

 
Figure 3. 4. MEF University Brain Dynamics Laboratory 

 

Observation, surveys, interviews, and questionnaires are commonly used in 

current practices. Even if these methods have unquestionably improved our 

insight into students' educational experiences, they are limited to the student's 

memories and perceptions about what researchers can "externally" observe. 

Furthermore, data collected throughout this way can only be analyzed after the 

learning experience has ended, obviating the opportunity to scaffold students' 

learning in real time through feedback mechanisms (Giannakos, 2021). On the 

other hand, eye-tracking technology and wristbands allow for unobtrusive, 

continuous, and automatic data collection during students' experiences without 

self-report bias. For this reason, we decided to use Empatica E4 wristband 

(Figure 3.5) and Eye Tracker (Figure 3.6) in addition to the semi-structured 

interview for our research. The combination of gaze and physiological 

measurements (from eye trackers and wristbands, respectively) were used 

simultaneously while students were solving math problems.   
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Figure 3. 6. Eye-tracker used for cognitive processes 

 
Figure 3. 7. EDA and BVP data stored in the E4 connect website 

 
Figure 3. 8. Wacom Bamboo Slate used for handwritten problem-solving steps 
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Figure 3. 9. Voice recorder used for think-aloud processes 

 

Sensors on the E4 are designed to collect high-quality data. It's the only wearable 

on the market that combines EDA and PPG sensors to monitor sympathetic 

nervous system activity and heart rate at the same time (see Figure 3.7). BVP, 

inter-beat interval (IBI), heart rate (HR), electrodermal activity (EDA) or GSR, 

skin temperature (ST) can all be measured with the E4 wristband. The Empatica 

device is designed to provide physiological parameters such as skin conductivity 

or heart rate that can be used to detect arousal changes. It does not, however, 

provide indicators for interpreting physiological data in terms of emotion, such 

as fear or joy (Sasshe & Leuchter, 2012). For this reason, in order to better detect 

the emotions of the students, after each math question, the students were asked 

questions to understand their feelings, such as how sure they were about this 

question, how much they tried, whether they felt worry or not. Worry and effort 

variables were created to better understand the affective process. It was then 

checked whether their discourses and physiological data matched and validated.  

 

I combined the Think Aloud (RTA) method and eye-tracking technology. The 

practice of monitoring users' eye movements while staring at the location of an 

object is known as eye tracking (Figure 3.10 and Figure 3.11).  After the session 

has concluded, an analysis tool generates a heat map that shows which sections 

of the website are being glanced at the most. It can be based on one participant's 

eye movements alone, or it can incorporate information from all of them 

(Hyrskykari et al., 2008).  In our research, while solving the math question, the 

eye movements of the children were measured simultaneously. Then, under the 

sub-title of metacognitive skills, the area of interest and the number of times they 





110 

I also see technologies using a multimodal mixed-methods approach in other 

studies with children. Le-Cultura et al. (2021) use a combination of traditional 

video annotations and MMD to better understand how children interact with 

educational technology. They used a camera, wristband, eye-trackers, and Kinect 

to collect data while 26 children aged 10 to 12 played a Motion-Based 

Educational Game (MBEG). Children's skeletal data were collected using the 

kinect sensor, skeletal data is unnecessary for us as we do not make children play 

a game based on any physical activity.  I preferred the screen-based eye tracking 

device because the participants were looking at the computer screen throughout 

the session. In this study, Tobii, which is eye tracking glasses with a built-in 

camera on the bridge of the nose, was preferred for the participants to move 

more freely, since it is a game-based study.  

 

The study of Tóthová et al. (2021) looked at how well upper-secondary children 

could use the periodic table to solve problems. To analyze the logic behind the 

students' performance, eye-tracking and retrospective think-aloud approaches 

were applied to map the tactics they utilized and challenges they encountered 

when performing the tasks. The eye-tracker data was subjected to a quantitative 

analysis, which included a temporal fixation length evaluation on designated 

areas of interest. A qualitative study of the students' procedure was also thanks to 

the think-aloud approach, which supported the eye-tracking record as well as the 

students' transitions. In addition to the similarity of think aloud and eye-tracking 

processes, in this study, physiological parameters were not examined with the 

Empatica E4 device as in our study. Salmeran et al. (2017) looked at how high 

school students expressed skimming and deeper processing of information when 

answering questions using a Wikipedia page, as well as how their reading 

comprehension abilities and question type influenced these processes. 

Retrospective think-aloud methods and eye-tracking measurements were 

examined. In the coding of eye movement data, the area of interest was coded 

similar to what I did in my study. Then they computed the number of dwells and 

run dwell time based on eye-tracking data.  
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codebook). The mathematics learning outcomes in the MoNE mathematics 

curriculum were represented as M.5.1.1.2, for instance, in which M 

[mathematics curriculum]. 5 [5th grade]. 1 [1st unit]. 1[subunit]. 2[rank of the 

learning outcome]. 
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Table 3. 6. Codebook and Analysis Process for Each Examination Item 

 







119 

administered together with the students'' [item 15]. The questionnaire contains 20 

items in the TM section and 15 items in the MES section of the TMMESP-Q and 

ratings on each item were requested on a 5-point Likert type scale (1= strongly 

disagree, 5=strongly agree in TM; 1= never, 5=always in MES). The highest 

score obtained from the scale would be 175 while the lowest score would be 35. 

The items and the variable names are presented in Table 3.7 below.  

 

Table 3. 7. Items of TMMESP-Q 
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Table 3.7. (continued)  
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Table 3. 8. Disagreements related to Items 

Items  Sts ID and # of disagreements Total # of disagreements 

Item1  ID8 = 1 

ID12 = 2 

ID16 = 2 

ID18 = 5 

10 

Item 2  ID10 = 5 

ID11 = 5 

ID31 = 5 

15 

Item 3 ID12 = 4 

ID28 = 3 

7 

Item 4 ID13 = 8 

ID16 = 2 

ID18 = 4 

ID24 = 7 

21 

Item 5 ID6 = 1 

ID11 = 3 

ID14 = 6 

ID21 = 3 

13 

Item 6 ID9 = 1 

ID15 = 5 

ID19 = 4 

10 

Item 7 ID12 = 6 

ID17 = 1 

ID20 = 2 

ID28 = 3 

12 

Item 8 ID15 = 2 

ID16 = 2 

ID29 = 5 

9 

Item 9 ID23 = 1  

ID32 = 3 

4 

Item 10 ID 30 = 4 4 

Note. # = number, Sts = students 

 

In line with the abovementioned disagreement codes, I coded 1178 codes into the 

data aggregation process and 10% of them were coded by a co-coder. Finally, we 

disagreed on 105 codes. While in the pilot study the intercoder reliability was 
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Supplementary to the Revised Bloom Taxonomy, the authentic teacher-made 

examination items were further inspected related to TIMSS Framework as an 

international well-accepted categories.  

 

Table 3. 13. Sample Items from the TIMSS Framework Categories  

 





136 

advisor and thesis committee members. Items under each dimension were tested 

and analyzed by using IBM Statistical Package for Social Sciences (SPSS) 

Version 26 for Mac. 

 

c. Data analysis of multimodal phase: Neuroeducation 

 

Pilot Study. Multimodal Phase: Neuroeducation. At the beginning of the 

Neuroeducation study, I stated above that I primarily studied and researched on 

young adults (i.e. university students). I observed how the multiple-choice and 

open-ended items to be asked in the pilot of this study work, whether they are 

understood correctly and where I should pay attention during experiment. I 

realized unclear questions. For example, in Item 7, they were asked to draw the 

whole of a figure whose fraction of some piece was given into the shaded area. 

Young adults were not ready either, as they did not encounter such questions in 

their middle school and high school years. They hardly ever responded. The 

visual figure has been redrawn in this item. The expressions in the question roots 

of some items were corrected grammatically. A pedagogue was also invited into 

the session. I discussed how and what to pay attention to while experimenting 

and observing the students. In addition, while I was working with young adults, 

the pedagogue observed me and gave feedback on how I had behaved, how I had 

asked questions, my mimics and my approach to the adult participants. While 

working with young adults, I had the opportunity to observe their reactions to the 

items. The most important point that distinguishes young adults from middle 

school students was that young adults were able to use less metacognitive 

subskills and could not reflect their inner speech as well as students. In 

particular, they were unable to use their re-expression subskills. They had little 

self -awareness about it. They were more comfortable with multiple-choice items 

since they were a group of young adults who had educated through approach 

which asked them to answer multiple-choice items. Usually, their inclination was 

to reach a solution in one way, but they did not go back and check their 

responses. Thinking processes were not as flexible as students. Besides, they 

were able to express their affective processes as they were. 
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Main Study. Multimodal Phase: Neuroeducation. In this part of the study, I 

explained 1) how I introduced into a neuroeducation process and then elaborated 

2) introduction to the pilot study, 3) preparation for the main study and the 

process, 4) data collation process from the think aloud protocol and cognitive-

affective measurement tools, 5) data aggregation process, and 6) finalization 

process. (see the summary of neuroeducation process in Figure 3.13.) 

 

Figure 3. 13. Summary of a Neuroeducation Research Process 

 

Step 1: Introduction to a Neuroeducation Research Process 

 

Neuroeducation is an applied field. It is a developing field that combines 

practitioners, such educators, with researchers in the fields of neuroscience, 

educational psychology, and educational technology to study the relationships 

between learning, development, and dynamic brain processes. (Donoghue & 

Horvath, 2022). It addresses the link between brain function and pedagogy. It is 

an exciting opportunity to bridge the gap between researchers studying in the 

laboratory and educators in the real world. It is an interdisciplinary process that 

allows us to determine inferential results from human behaviors, their inner 

world, the brain, and even emotional reactions to the teaching and learning 

process. It covers both basic and applied research processes.  
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The aims of Multimodal Phase: Neuroeducation part of the current study are 1) 

to investigate how middle school students reflect their metacognitive skills and 

affective process when solving restricted open-ended items and 2) what students' 

reactions and responses are to different types of questions with respect to the 

requirement (active use) of different cognitive strategies with the use of eye-

tracker and biometric sensors including galvanic skin response (GSR) and heart 

rate (HR). Moreover, the sessions were recorded with a 4K camera for 

investigating further behavioral analysis. With this aim, this part of the research 

study was designed as an interdisciplinary approach and required measuring and 

evaluating students' cognitive and metacognitive skills and affective processes. 

The process began with a conceptual and contextual study of neuroeducation, 

cognitive science, the Think Aloud process, and measurement tools such as eye-

tracking and galvanic skin response tools, etc. Following a literature review of 

these topics, the next warm-up phase involved field observations together with a 

co-advisor who managed the process. The focus in particular was on the initial 

study and literature review on the use of cognitive and affective tools and 

programs, sometimes met with the co-advisor, in the Brain Dynamics Laboratory 

at the university, where the main experimental study was carried out. During 

weekly meetings, we designed the research process in conjunction with the 

experimental processes. 

 

In order to become accustomed to this new area and not to feel like a fish out of 

water, I spent three months reading around the subject to familiarize myself with 

the environment, subject content, and goals. The biggest tool for me to adapt to 

the experimental environment was that my co-advisor had my personnel i.d. card 

entered into the system so I could enter and exit the room. This allowed me to 

get used to the laboratory, which I had not yet had the opportunity to use. I 

experimented with the tools and learned to use them without apprehension, even 

solving problems where they arose. As I got used to the environment, I began 

adjusting the layout for pilot studies. I learned from scientific articles on current 

research the importance of calibrating instruments. I became so used to being 

there, I even carried out departmental work from the laboratory at times. I 
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Step 5: Data Aggregation Process 

 

Data aggregation is used to support statistical analysis for collated research data 

and to summarize the data (Dixon & Cunningham, 2009). The collation, 

curation, and presentation of data are the main steps of data aggregation (see. 

Figure 3.17). In other words, aggregation of data is the process of compiling 

numerical or non-numerical data from various sources and/or on different 

measures, variables, or people into data summaries or summary reports, usually 

for the purpose of public reporting or statistical analysis. This involves looking at 

trends, comparing data points, or revealing information and insights that would 

not be apparent if the data elements were viewed separately. While the majority 

of an aggregate education dataset is numeric, such as the average amount of 

money spent per student in a state, graduate and dropout rates, average 

standardized-test scores for a school or district, or the average amount of funding 

spent per student in a state, non-numeric data is both available and prevalent, for 

example, a poll may be taken of a school district's instructors, students, and 

parents opinions on a topic and the results and comments might be "aggregated" 

into a report indicating what the surveyed individuals believe and feel about the 

problem as a whole. Data aggregation is used to conduct statistical analysis and 

provide a summary of collected research data (Dixon & Cunningham, 2009; 

Dunstone & Yager, 2009; Leuffen et al., 2013). 

 

In the main study, data of neuroeducation (see. Figure 3.14, Figure 3.15, and 

Figure 3.16 for data aggregation) was collected from 32 different 10-year-old 5th 

grade children using the think-aloud process. Information was obtained 

regarding gender, school district, school size, the number of teachers in the 

school, and the number of schools in the region. The aim of the study was to 

ascertain the metacognitive subskills and affective processes used by the students 

while solving 10 mathematics items. Interviews were transcribed and 

physiological data was collected using various devices. Two different templates 

were prepared. Interviews were coded individually for each child using these 

templates.  
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Figure 3. 14. Collapse, define, and data aggregation 

 

The coding was re-coded into another blank excel.xls worksheet so that it could 

be quantified and analyzed in SPSS version 26 for Mac (see Figure 3.15). 

Independent samples T-test, Binomial logistic Regression, Chi-Square analyzes 

were used in the SPSS. 
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Figure 3. 15. Collapse, Define, and Data Aggregation 
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Figure 3. 16. Data Transformation for Quantitative Analysis 
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Figure 3. 17. Elements of neuroeducation process 
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Moreover, as a mathematics teacher and an educational scientist, I read a lot 

about the topic for three months to become comfortable with the educational 

neuroscience, subject matter, and objectives in order to adjust to this new 

laboratory environment without feeling like square peg in round hole. The fact 

that my co-advisor had my personnel ID card loaded into the university system 

so I could enter and depart the room was the chance of helping me adapt to the 

experimental atmosphere. I had not yet had the chance to use the laboratory, so 

this gave me a chance to get accustomed to it. I practiced with the tools and grew 

confident using them, even resolving issues and problems once they emerged. I 

started modifying the arrangements for pilot studies as I grew accustomed to the 

surroundings. I discovered the significance of instrument calibration through 

scientific journals. I eventually became so accustomed to being there that I 

occasionally worked from the laboratory. I think that getting accustomed to and 

adjusting to one's surroundings is a crucial first step in the research process, thus 

one should take steps to prevent risks to internal validity for the scientific study 

process. 
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4.1.1. Examination items related to item types 

 

Authentic teacher-made items analyzed related to item types. In terms of the type 

of items, the findings revealed that 1.8% of items were constructed as fill in the 

blanks (n = 7), 1.3% of items as true/false (n = 5), 53.7% of the items as 

multiple-choice (n = 204), and 43.2% of them as restricted open-ended (n = 164).  

The descriptive statistics for item types were illustrated in Table 4.1. 

 

Table 4. 1. Items by Item Type   

Item types f % 
Fill in the blanks 7 1.8 
True/false 5 1.3 
Multiple choice 204 53.7 
Open-ended 
(constructed OE) 

164 43.2 

Total 380 100 
 

4.1.2. Examination items related to learning units 

 

In terms of learning units, the items were examined in relation to the intended 

mathematics curriculum content for middle school students. The results revealed 

that items were mostly prepared about Numbers and Operations (81%).  On the 

other hand, Measurement (0.3%), Geometry and Measurement (1.1%), and Data 

Analysis (0.8%) were scarcely used to prepare in-class examination items. 

Interestingly the findings showed in Table 4.2 that teachers who were teaching in 

5th grade prepare their items not only aligned with 5th-grade learning outcomes 

but also 3rd, 4th, 6th and 7th-grade learning outcomes with a limited emphasis. 

Generally, items were found to be related to the content domain of Numbers and 

Operations (f = 288, 75.8%) followed by Geometry and Measurement (f = 4, 

1.1%), and to a lesser extent, Data Processing (f = 3, 0.8%) adjusted with MoNE 

5th-grade mathematics curriculum. The Learning units within the Table 4.2 see 

below. 
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Table 4. 2. Items that Related to Learning Units in the Middle School 
Mathematics Curriculum 

Learning units (i.e., content domain) f % 
M.3.1. Numbers and Operations 2 0.5 
M.4.1. Numbers and Operations 10 2.6 
M.4.3. Measurement 1 0.3 
M.5.1. Numbers and Operations 288 75.8 
M.5.2. Geometry and Measurement 4 1.1 
M.5.3. Data Processing 3 0.8 
M.6.1. Numbers and Operations 7 1.8 
M.7.1. Numbers and Operations 1 0.3 
Total 380 100 

 

4.1.3. Examination items related to learning outcomes 

 

The examination items were analyzed in terms of 5th grade mathematics 

curriculum learning outcomes they were related with. The results including items 

that were identified as Higher-order Thinking Skills (HoT) and Lower-order 

Thinking Skills (LoT) are revealed in Table 4.3. 
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Table 4. 3. Levels of Learning Outcomes 
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Table 4.3. (continued) 
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Table 4. 5. Distribution of Items in the Total of Teacher-made Examinations (N 
= 380) 

Taxonomy Dimension f % 

  Knowledge 
  

Revised Bloom 
Taxonomy 

Factual 55 14.47 

Conceptual 96 25.26 

Procedural 228 60 

Metacognitive 1 0.26 

Cognitive Process   

Remember 44 11.58 

Understand 91 23.95 

Apply 217 57.11 

Analyze 25 6.58 

 
Evaluate  3 0.79 

Create  0 0 

Total  100 

 

When the schools were examined by pre and after policy change, the findings in 

Table 4.6 showed that the School 1 did not reflect a significant difference 

between pre and after change in terms of knowledge and cognitive process 

dimension.  For instance, in terms of knowledge dimension there is a very slight 

decrease in factual knowledge whereas a slight increase in conceptual and 

procedural knowledge. In terms of cognitive process dimension, there is a 

decrease in remembering and analyzing skill whereas slightly increase in 

applying skill. Findings from School 2 could not be compared in terms of pre 

and after policy change because the teachers from School 2 did not share pre-

policy examination items. In terms of knowledge dimension, it was as similar as 

with School 1. In terms of cognitive process dimension, the items from School 2 

in remembering skills were nearly two times higher than those in School 1. 

Findings from School 3 could not be compared in terms of pre and after policy 

change because the teachers from School 3 did not share pre-policy examination 
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items. In line with knowledge dimension, there was a profound difference 

between the items in procedural knowledge in School 3 than School 1 and 

School 2. In terms of cognitive process dimension, the items from School 3 in 

applying skill were almost higher than those in School 1 and School 2. However, 

the number of items in understanding skill was lower than those in School 1 and 

School 2.  

 

In addition, findings from School 4 examined that the items regarding 

knowledge dimension were nearly similar in terms of pre and after policy 

change. Yet, the items regarding cognitive process dimension showed that the 

number of items in remembering skills from after-change policy were two times 

higher than those from pre-change policy. The number of items in applying skill 

from after-change policy slightly decreased. Moreover, when the findings from 

the School 5 examined, it showed that the pre and after policy change could not 

be compared because the teachers from School 5 did not share pre-policy 

examination items. In terms of knowledge dimension, the number of items in 

procedural level was quite high compared to other schools. In terms of cognitive 

process dimension, the number of items in applying skill was almost lower than 

the other schools. Instead, the items in analyzing skills were significantly higher 

than the other schools.  
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Table 4. 6. Distribution of Items Related to Schools vs. Pre and After Policy 
Change (f (%)) 
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