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Abstract: Using item response theory (IRT) in computer adaptive test (CAT) is critical to 

assess learners’ readiness for further learning. This theory has assumptions concerning the 

mathematical relationship between learner’s abilities and item responses. A numerical value 

from the theory has potential to decide who the best learner is. The IRT score only provides 

the learner’s result and lack of the assessment of learner’s ability level in cognitive skills. 

This paper proposes an approach of using Bloom’s cognitive skills for evaluating learned 

ability level by considering achieved the level of difficulty and the IRT score. Our starting 

point in the adaptive test is at a question of learners’ knowledge level difficulty that we got 

from their pre-test scores instead of starting with a question of a medium difficulty. This 

approach provides the effectiveness of CAT to test cognitive skills and offers some 

theoretical considerations on linking learning outcomes and assessments. 
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Introduction 

 

There are a number of computer adaptive test methods and technologies that can be used to 

assess learners’ strengths and weaknesses based on item-by-item and learner responses. 

These allow learners to be tested on materials at their level. Adaptive testing changes their 

behaviour and structure depending on the learner’s responses and detected abilities. 

The key idea of an adaptive test system is that questions are selected by the computer to 

individually match the ability level of each learner. In this approach, the test is tailored to 

each learner [1,2]. Adaptive testing aims to assess a learner’s ability by posing a minimum 

number of questions in order to decrease test length, which is one of the main goals in 

adaptive testing [3]. Another main goal includes offering personalized support according to 

the needs and ability of each learner [4]. The system may skip over what learners have 

learned and find out what they should learn further. As a result, most existing test engines 

present questions according to the level of the learner’s abilities in order to eliminate too 

easy or too difficult questions [1]. Therefore, adaptive questioning is an efficient and 

effective mean of knowledge-based testing. 

Many adaptive testing systems have been developed such as A Web-based English CAT 

prototype system [5], IDEAL [6], and SIETTE [7]. Item response theory (IRT) was used in 

the implementation of these systems because the proficiency estimate is independent of the 

particular set of questions selected for the assessment. Each learner gets a different set of 

questions with different difficulty levels while taking the adaptive testing [8].  
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These systems are focused on using IRT to estimate the numerical value of learner’s ability 

level, in order to determine the next item to be posed, and to decide when to finish the test, 

rather than to assess learners’ readiness for further learning. One of the major challenges 

facing the use of IRT is establishing standards for usability and interpretability issues of the 

IRT value [9]. In IRT, ability is measured by a scale point. When applied this theory to 

measure cognitive skills expected to be tested in each learning outcome such as Knowledge, 

Comprehension, Application, Analysis, Synthesis, and Evaluation, the theory has some 

limitations [10]. In this paper, we introduce IRT and explore cognitive assessment. Finally, 

the proposed cognitive adaptive testing system applying with IRT is discussed and the main 

contributions are summarized. 

 
1. A Proposed Cognitive Adaptive Testing 

 

We propose to build an adaptive testing system by applying with IRT where teachers can 

create, manage, and control their test for each learner. The system would be a 

cognitively-based formative assessment that will identify more detail about the underlying 

concepts and skills needed to solve problems in each reporting category. Each test, the 

system will learn more about each learner and provide an increasingly accurate prediction of 

how well each learner will do on their test. 

One of the objectives is to add a new factor to the IRT model which is a pre-test score. We 

use this factor for initial learner ability in order to tailor to learners’ ability level instead of 

starting a question with a medium difficulty. A pre-test will measure a learner’s knowledge 

level before starting a real adaptive testing. 
 

Table 1 Guidelines for expert calibration 

Difficulty(b) Cognitive skill Skill being assessed 

-3 <= b<= -2 Remembering Ability to recall taught material 

-2 <= b<= -1 Understanding Ability to interpret and/or translate taught 

-1 <= b<= 0 Applying Ability to apply taught material to novel situations 

0 <= b<= +1 Evaluating Ability to make judgments based on criteria & standards 

+1 <= b<= +3 Creating Ability to reorganize elements into a new pattern 

 

A proposed system prototype comprises a graphical user interface, an adaptive algorithm 

based on the 3-PL model from IRT and item bank questions. The item bank of questions is 

employed to store information about question stem, distractors, key answers, topic area and 

values for the parameters required by the 3-PL model [11,12]. One of the central elements of 

the 3-PL model is the level of item difficulty (bi) being defined by subject domain experts. 

The expert calibration is based on Bloom’s taxonomy of cognitive skills [13] illustrated in  

Table 1. Our questions break down individual test items into component concepts and skills 

in order to track what knowledge and skill limitations of individual learners. 

A proposed adaptive testing system consists of a number of modules: test editor, IRT editor, 

IRT calculator, pre-test generator and adaptive test generator (illustrated in Error! 

Reference source not found.). The test editor is responsible for teacher to create questions 

based on cognitive skill theory, and storing the questions in a test bank. In order to estimate 

IRT, the IRT parameters such as difficulty, discrimination, and pseudo-guessing have to be 

filled in and calculated by teacher, and storing in a IRT repository. Before learners start to 

do their adaptive test, they will start to evaluate their knowledge by using a pre-test. Our 

starting point in the adaptive test is at their knowledge level that we got from their pre-test 

scores. The adaptive test generator module retrieves a question from the test bank based on 

their level. If learners’ response is correct, the module will recalculate their ability and show 
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more difficulty questions to follow till the level of learners’ ability becomes stable. 

Conversely, an incorrect response will trigger a less difficult question to be administered 

next. 

 

2. Conclusion 

 

Many adaptive testing systems have been developed to assess learner’s ability level. 

However, the proficiency of learner from those systems was not linked to learning outcomes 

in terms of cognitive skills. This paper proposed an adaptive testing system based on IRT 

and cognitive skills. The 3-PL model and Bloom’s taxonomy are used in the implementation 

of our system. A preliminary result from pre-test is incorporated in IRT for the estimation of 

the initial learner ability in order to make IRT more realistic and applicable. The 

dichotomous item type is focused only. 

The proposed system provides the effectiveness of CAT to improve an assessment 

connecting with learning outcomes. In this study, Bloom’s cognitive skills are used to create 

a list of all questions that are possible at various levels. These questions are used to test 

understanding and in some cases determine the degree to which learners had actually 

acquired the desired knowledge. Our system guides question development through the six 

levels of cognitive ability to stimulate critical thinking. This makes it possible to guide 

teachers in developing questions for learners and provide authoring templates to speed the 

creation of new questions for assessment. 

This system also has the great advantage of providing individuals with a more detailed 

identification of learners’ performance. The system could be used in conjunction with a 

development discussion between the learner and teacher to provide focus on the key aspects 

to be developed for each learning outcome. It is suggested that information about learning 

outcomes should form the basis of pedagogically-informed metadata which would be 

relevant to any description of content or process in learning and teaching situation. 
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