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Abstract 
 

Evaluation of the questions’ level of complexity for the statistical course was proposed using the revised version of Bloom’s taxonomy. 

The use of Bloom's taxonomy in statistical examination papers allows the degree of difficulty to be pseudo-objectively assessed. Well-

constructed questions in the final examination will help in measuring students' abilities based on comprehensive cognitive skills. There-

fore, this study used Rasch Model to evaluate the quality and reliability of final exam questions for probability and statistics course. Ac-

cording to research findings, five out of 30 questions are considered as misfit items. It is therefore recommended that these items be re-

moved or rephrased to better suit the students’ ability level in a course. Whereas, nine questions have significant differences between 

taxonomy level and Rasch level that require further analysis. Overall, students view the set of exam questions as simple due to the una-

vailability of difficult items. Based on this result, it is suggested that the exam questions should undergo verification process from the 

expert and students should be exposed early to various types of questions with different level of difficulty. 

 
Keywords: Probability and Statistics Reliability; Students’ ability; Quality; Questions’ difficulty. 

 

1. Introduction 

Statistics is an important element of the curriculum for students in 

a wide field of study. Unfortunately, for many of these students, 

statistics is often considered as the most difficult course to learn in 

their program of study. Previous works have explored the stu-

dents’ challenges in learning statistics, in which the statistics anxi-

ety is identified as an important factor that affects the student’s 

performance. The researchers indicated that many university stu-

dents have high level of statistics anxiety when facing with statis-

tical ideas, problems, issues, instructional situation and evaluate 

situation [1]. As a result, students often delay to an extent in enrol-

ling for statistics courses and may lead to students’ low academic 

achievement in statistics course. 

Students’ difficulties in understanding and learning have been 

reported. According to [2], students have underlying difficulty 

with ideas of probability concepts, which they need to construct 

their own understanding. Studies have also shown that students 

have less understanding concepts of statistical variation, sampling 

distribution and certain reasoning about graphical representation 

[1]. In a recent study, the finding shows that the students perceive 

little understanding on counting rule and basic probability concept 

[3]. Meanwhile, some researchers suggested that the lack of stu-

dents’ understanding in learning statistics is not the only factor 

that causes failure in academic performance. Students’ low aca-

demic performance in the examination is one of the most challeng-

ing problems that students face as well as lecturers. This problem 

has many causes such as student attributes, exam questions con-

struction and teaching approach. Teaching and learning methodol-

ogy without problem-solving approach does not involve with a 

variety of cognitive thinking skills in a process of answering dif-

ferent difficulty level of questions [1]. Moreover, the questions 

provided often lack adequate context and not in line with the diffi-

culty level of the questions. Consequently, the students are having 

difficulty in assessing the level of questions. Hence, this may lead 

to frequent repetition of failure that affects the students’ perfor-

mance. Word problems may be the most frequently used format 

for exam questions in statistics courses [4]. Commonly, with suit-

able method of teaching and learning statistics, students with accu-

rate understanding are able to find ways to correctly answer this 

kind of word problems. 

Due to this matter, the improvement in teaching and learning pro-

cess should be emphasized. As a matter of fact, educators should 

use appropriate educational procedures that are common within 

the scope of in-depth knowledge understanding and development 

of thinking skills. Assessment tools, especially the examination 

papers modelled using Bloom’s taxonomy are introduced to com-

pare the difficulty of questions and students’ performance in ac-

cessing the students’ understanding in learning statistics. Bloom’s 

taxonomy is a model of hierarchy proposed by [5], a team of edu-

cational psychologists in 1956. The research is to promote ways of 

thinking according to levels of complexity and inculcate higher 

forms of thinking in education sector. It is also being used by edu-

cators to control the level of questions’ difficulty when designing 

assessment. Bloom’s model can be divided into two, which are 

lower level and higher level. Knowledge, comprehension and 

application are categorized as lower level since they are more 

basic than the higher level. The higher level consists of analysis, 

synthesis and evaluation. Bloom’s model has been updated since 

and a new version is used until now to which was divided into six 

categories: remembering, understanding, applying, analysing, 

evaluating and creating; a lower order to higher order of hierarchy 

[6]. In statistics course, the main task is to interpret the Bloom’s 
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taxonomy levels in the context of the cognitive processes required 

to complete exam questions. Well-organized exam questions mod-

elled using Bloom’s taxonomy should be able to measure the level 

of students’ ability, thus contribute to the improvement in stu-

dents’ performance.  

Students’ performance has been essentially dependent on the 

grades scored from quizzes, assignments, tests, projects and final 

examinations. Measuring students’ performance is essential in 

education to ensure that they achieved the expected learning out-

comes. In order to increase students’ performance, construction of 

a good assessment based on Bloom’s cognitive thinking skills and 

the degree of students’ ability should be taken into consideration 

[7]. A discussion on reliability is also needed when evaluating the 

quality of the questions. In order to assess the understanding and 

ability of the students, a reliable evaluation instrument in teaching 

and learning activity is required. 

Rasch measurement model has been widely used to examine, vali-

date and analyse the students’ ability and quality of exam ques-

tions [7]. Most of the researchers found that the quality of the final 

assessment questions set up were incredibly satisfactory and also 

were calibrated with the learning ability of the students. Rasch 

model is also able to categorize grades into respective learning 

outcomes, especially when the number of sampling unit is small 

[8]. According to [7], Rasch model is considered as a better evalu-

ation model for evaluating course outcomes performance as com-

pared to standard evaluation method. Therefore, validation of 

instruments constructed is important especially to control the 

measurement error. 

Thus, the aims of this study are to access the quality of exam ques-

tions via Bloom’s Index and evaluate whether the exam questions 

calibrate with students’ learning abilities on prior lesson, by using 

Rasch measurement model. In this study, the final exam questions 

for the statistics program which employ the Integrated Cumulative 

Grade Point Average (iCGPA) system is taken into account as 

assessment tools. It is part of the study to improve students’ un-

derstanding and ability in learning statistics based on Bloom’s 

cognitive thinking skills. Hence, it will encourage educators to 

think more broadly about cognitive measures and act as guidance 

in determining the appropriate Bloom’s level for the item tests.  

2. Methodology 

The information was gathered from the final assessment results of 

Probability and Statistics (STA150) course, taken by part two 

CS111 (Diploma in Statistics) and third semester CS143 (Diploma 

in Mathematical Sciences) students from Machang, Perak and 

Raub campuses, both wherein used iCGPA system in the results. 

The final examination paper contained 10 questions, where each 

question contains several items. All the questions were developed 

according to Test Specification Tables or Jadual Spesifikasi Ujian 

(JSU) that had been set up by a resource person. Items were la-

belled as Questions, Learning Topic, Cognitive Level, and Marks 

which involved past semester final examination papers as de-

scribed in Table 1. The final examination papers were from March 

2017 and Jan 2018. All students were required to answer all ques-

tions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Examination Questions Specification for Course Code STA150 

 
 

Hence, a total of 213 students’ results were analyzed. Marks from 

final assessment results were obtained and compiled. A standardi-

zation method was used since this raw score had different total 

marks for a question [7]. The standardization was given in (1): 
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Students were ranked according to their accomplishment. Re-

sponses from the students’ results were analyzed using rating scale: 

 

5 =ijz A  

 

Henceforth, the marks obtained by each student was organized in 

Excel *prn. Rasch software, called Winstep was used in this study 

to evaluate the examination questions for STA150. 

3. Results and Discussion 

This study investigated students’ examination marks in the subject 

of Probability and Statistics offered by the Faculty of Computer 

and Mathematical Sciences, MARA University of Technology. To 

examine the students’ ability and questions’ difficulty, the exam 

questions were prepared according to Bloom’s revised taxonomy. 

The exam questions consisted of 30 structured questions were then 

administered to 213 students. 
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Table 2 shows the reliability and separation index for 30 items and 

213 students measured. The reliability index of esteemed person is 

at 0.84 (practically equivalent to the traditional Cronbach's alpha), 

thus it shows that the items have high reliability in imitating a 

student's score. Meanwhile, with the item reliability of 0.98, it 

shows that a comparative item along the variable is very reproduc-

ible in a comparable sample from the population. This index value 

implies that the scores of each question are consistent and steady 

[9]. 

The person separation index is measured at 2.32, with three levels 

of student ability indicated low, moderate and excellent. Next, the 

separation index of item is measured at a high 8.05 which contrib-

uted by the large item spread value of 1.77 logit. This index value 

is reasonable for the five levels of revised Bloom’s Taxonomy 

which are remembering, understanding, applying, analyzing and 

evaluating. Both separation index values are acceptable as they are 

higher than 2. 

 
Table 2: Summary of 213 measured persons and 30 measured items  

 
 

Fig. 1 shows that item difficulty is distributed on the right side and 

person ability is distributed on the left side with the same logit 

ruler. The ruler comprised of samples extending from 1.61 to -

1.21, where the most excellent student and the most difficult ques-

tion are laid out over the scale. The students’ identity field were 

recoded based on their respective campus location (M - Machang, 

P - Perak, R - Raub). Meanwhile, question items were recoded as 

per the question number and cognitive level of Bloom’s revised 

taxonomy. For example, 4b_A represents the question 4b with 

“Analysing” cognitive level.  

Generally, the students thought that the given exam question set 

was easy since the person mean (0.36 logit) had fallen over the 

item mean (0.00 logit). There were no difficult items since all 

items were located inside the person range (-1.21 to 1.61 logit). 

Items “4a and 10a” from the “Applying” and “Analyzing” levels 

were viewed as the easiest by most students. In addition, 15 stu-

dents were considered as excellent students while two students 

were found unable to answer even one question. Apart from that, 

determining the difficulty level of a question cannot rely solely on 

the intended cognitive process. Based on the map, some questions 

were assumed to be at a difficult level, but most students could 

answer the questions (example: 4a_A, 10a_P). 

 
Fig. 1: Person-item distribution map 

 

The Rasch model expects the response pattern to move from the 

easy item to the left with a score of 5 and up towards the tough 

item on the right with a score of 1. Based on scalogram in Figure 2, 

the simplest level of questions to the hardest level can be ex-

pressed in Table 3. 

 

 
Fig. 2: Scalograms 
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Taxonomy level is tied with revised Blooms' taxonomy proposed 

by [4]. Meanwhile, the Rasch level is based on the order of the 

question from the scalogram diagram. Through comparative anal-

ysis, the difficulty level of questions “2b, 4a and 8c” is the same 

according to both levels. Eighteen questions have slight differ-

ences between two levels. Whereas, nine questions of “1a, 2a, 3a, 

5b, 6b, 6c, 7b, 9c, and 10a” have significant differences which 

require further study. To improve the quality of the exam ques-

tions, it is important to first have these exam questions vetted by 

experts from the respective field, so that the questions are appro-

priate to students' level and ability. In addition, lecturers should 

also emphasize on the Bloom’s taxonomy level in questions dur-

ing teaching and learning sessions [11, 12]. 

 
Table 3: Level of questions 

 
 

To identify the item misfits using the Rasch Measurement Model, 

three item fit statistics were performed; infit MNSQ, outfit stand-

ardized value and point measure correlation (PMC) value. Meas-

urement on the item fit started with MNSQ. Basically, MNSQ is 

the relationship or ratio of an observation compared with expecta-

tion. The value of MNSQ that equals 1 is said to be perceptible as 

indicated by desires. In the meantime, MNSQ is calculated to be 

out of desire when the value of MNSQ Infit is out of range from 

0.73 to 1.33. Indicators that fortify the Misfit Item are the value of 

the Z-Standard Items that drop out of range from -2 to 2. Con-

straints of satisfactory PMC varying range is dependent on the 

purpose of the instrument. Final exam questions generally require 

more precise items inside the range of 0.4 to 0.8. However, a 

negative value PMC item is found to not measure what should be 

measured and thus, should be dropped. From Table 4, items 

“7a_U, 2b_U, 6c_P, 7c_S and 6b_P” could be viewed as misfit 

items because they could not meet all the three measurements. 

These misfit items should be considered for further analysis, for 

example, eliminating or rephrasing. 

Misfit person negatively affects item reliability. Responses that 

cause distortion in actual measurements need to be set aside. Data 

from these respondents can be categorized as unreliable data. As 

with the item, the Infit MNSQ values must be within 0.7 to 1.34. 

Respondents with a negative PMC are assumed to answer an un-

obtrusive question. In Table 5, the respondent categorized as mis-

fit is P54F. 

  
Table 4: Item Misfit 

 
 

Table 5: Person Misfit 

 

4. Conclusion 

This study revealed that nine out of 30 exam questions for Proba-

bility and Statistics need to be revised in an effort to increase stu-

dents' ability to answer questions with varying degrees of difficul-

ty. The Rasch model can precisely classify the questions according 

to students’ ability across five cognitive levels of revised Bloom's 

taxonomy. Rasch measurements can evaluate person and item 

reliabilities, and subsequent measurements can identify any misfits 

due to the exceptional response given by the students. To improve 

the quality of the exam questions, it is necessary to undergo the 

expert validation process. 

Besides looking at the quality of the exam questions, teaching and 

learning strategies should be tended to. Through the student-

centered approach, lecturers can identify what students’ most fa-

vored way of learning is based on their diverse backgrounds [13, 

14]. Additionally, students need to be exposed early on various 

types of questions with varying degrees of difficulty. This can be 

done by lecturers throughout the learning session. The use of 

learning aids can also improve students' thinking skills, particular-

ly towards high-level thinking skills [11, 12, 15]. 

The process of preparing exam questions needs to be studied in 

depth. Most importantly, it should take into account the views of 

lecturers and students. Other than that, the difficulty level of a 

question should not depend entirely on the verb of cognitive level 

that has been set. If a question requires a broad knowledge base to 

answer and involves a lot of work, it should be categorized as a 

difficult question. Hopefully with this study, the quality of exam 

questions can be standardized. 
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