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Abstract 

The main characteristics of information processing taxonomy model consist of retrieving information from 

external memory and primary and secondary productions of Type A and Type B information. This characteristic 

becomes the components of different levels of thinking which could be used to confirm and explain the student’s 

creative thinking. This paper describes the development of a geometry test for assessing mathematical creative 

thinking based on information processing taxonomy model at different hierarchical levels. The instrument 

development process followed two phases: instrument formation and instrument validation. Instrument formation 

consists of a literature review, generating items, evaluating proposed items, and a pilot testing draft. Instrument 

validation used a statistical method to find the indexes of validity, reliability, difficulty, and discrimination of test 

items. Results showed that the constructed test instrument consists of 5 items. All of the test items were valid and 

can be used to analyze mathematical creative thinking. 
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1. Introduction 
Educational objectives should be seen as 

policy statements of direction that provide the 

foundation for the entire educative structure. 

Regardless of the particular course, we might be 

thinking of, we should always try to first ensure 

it has an internally consistent structure. In this 

regard, an alignment is necessary between 

objectives, assessment, and instructional 

strategies. While objectives state what we want 

the learner to acquire, the assessment allows the 

educator to check to what extent the learner 

meets the objectives. It is through instructional 

strategies that the educator provides for the 

teaching-learning process meant to guide the 

learner towards the above-mentioned objectives 

(Bonaci, Mustata, & Ienciu, 2013). 

Mathematical learning is necessary 

designed so that it can develop student’s creative 

thinking (Alfian, Dwijanto, & Sunarmi, 2017; 

Arifah, Rochmad, & Sugiman, 2016; Hapsari, 

Supriyono, & Hendikawati, 2015; Konita, 

Sugiarto, & Rochmad, 2017; Utami, Masrukan, 

& Arifudin, 2014; Warda, Mashuri, & Amidi, 

2017; Wijaya, Rochmad, & Agoestanto, 2016). 

Creative thinking becomes very important to be 

given to someone since his early age (Nuha, 

Waluya, & Junaedi, 2018). The result of a study 

indicates that it is possible to teach thinking 

skills and thinking skills instruction should 

begin in pre-school years (Akınoğlu & 

Karsantik, 2016). Hence developing the quality 

of creative thinking has always been one of the 

main goals of education. It can be done if we 

already know the extent of the creative thinking 

ability of students today with an appropriate 

assessment. 

Use of the taxonomy can help one gain a 

perspective on the emphasis given to certain 

behaviors by a particular set of educational 

plans. One technique that has been widely used 

to evaluate a quality of a student’s output is 

Bloom's taxonomy developed in 1956. The 

major idea of the Bloom’s taxonomy is that what 

educators want students to know (encompassed 

in statements of educational objectives) can be 

arranged in a hierarchy from less to more 

complex. The levels are understood to be 

successive so that one level must be mastered 

before the next level can be reached (Huitt, 

2011). The original levels by Bloom were 

ordered as follows: Knowledge, Comprehension, 

Application, Analysis, Synthesis, and Evaluation 

(Bloom, Engelhart, Furst, Hill, & Krathwohl, 

1956; Bonaci et al., 2013; Huitt, 2011; IACBE, 

2014; Munzenmaier & Rubin, 2013). 

Another technique used to assess the 

quality of students’ responses is the SOLO 

(Structure of the Observed Learning Outcome) 

taxonomy developed by Biggs and Collis in 

1982. The SOLO taxonomy is used to classify 

the quality of students’ responses to a problem 

into five different and hierarchical levels are 

pre-structural, uni-structural, multi-structural, 

relational, and extended abstract (Biggs & 

Collis, 1982; O’Neill & Murphy, 2010; Potter & 
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Kustra, 2012). The SOLO Taxonomy was 

developed by analyzing the structure of student 

responses to assessment tasks in response to a 

given body of information or knowledge and 

identifying the type of thinking exhibited by 

extended written responses. This taxonomy is 

suitable for measuring learning outcomes for all 

subjects, levels, and for all types of tasks (Biggs 

& Collis, 1982; Hattie & Brown, 2004; O’Neill 

& Murphy, 2010). 

Although both taxonomies (Bloom and 

SOLO) have proven useful in assessing students' 

abilities, these two taxonomies have some 

disadvantages in their implementation. The 

Bloom and SOLO taxonomies are useful for 

building an item to get students' responses at 

different levels. These two taxonomies cannot 

provide a precise explanation of how the 

cognitive processes in solving the problem to 

find a solution. Therefore, it is necessary to use 

an appropriate model in assessing mathematical 

abilities. The model is called the information 

processing taxonomy. 

The information processing taxonomy 

model consists of two general features (Fong, 

1994, 1995): (a) a set of information processing 

features such as the external source (ES), short-

term memory (STM) or working memory (WM) 

and long-term memory (LTM), and (b) an 

operating system comprising perception through 

stimulus, retrieving information from ES, and 

operations based on primary and secondary 

productions. The model is described in Table 1 

in term of the hierarchical levels and the 

different levels of processing information.  

Table 1. Information Processing Taxonomy Model 

Level  Characteristic Features & Operating 

Systems   

One 
ES, STM/WM; Perception through stimulus, 

retrieving information from ES.  

Two 

ES, STM/WM, LTM (Type A Information); 

Perception through stimulus, retrieving 

information from ES and primary production 

system. 

Three 

 

ES, STM/WM, LTM (Type A & B 

Information); Perception through stimulus, 

retrieving information from ES and primary 

production system. 

Four 

ES, STM/WM, LTM (Type A Information); 

Perception through stimulus, retrieving 

information from ES, primary & secondary 

production system. 

Five 

ES, STM/WM, LTM (Type A & B 

Information); Perception through stimulus, 

retrieving information from ES, primary & 

secondary production system. 

Source: (Fong, 1994) 

An external source (ES) refers to the data or 

information obtained from the problem or a 

question asked. Each question is viewed as 

consisting of pieces of information which could 

be in the form of facts, numerals, procedures, 

etc. All information, whether it comes from the 

external sources or the long-term memory, is to 

be processed in the short-term memory or 

working memory (STM/WM). This part of the 

human brain has a limited capacity and is the 

only process to hold certain chunks of 

information at one time. There are two types of 

information that can be stored in the long-term 

memory. Information which is related to the 

recent content area of study and information 

which is often rehearsed is classified as type A 

information. Information on related topics is 

classified as type B information. Type A 

information is assumed to be readily 

remembered or retrieved by students as 

compared to type B information (Fong, 1994). 

So, this paper wants to describe the 

development of a geometry test for assessing 

mathematical creative thinking based on 

information processing taxonomy model at 

different hierarchical levels. 

 

2. Methods 
The instrument development process 

followed two phases: instrument formation and 

instrument validation (Beyers, 2011). Phase 1 

(instrument formation) had four components: 1) 

performing a review of relevant literature, 2) 

generating items, and 3) evaluating of proposed 

items by colleagues in mathematics education, 

as well as, 4) pilot testing the draft of the 

instrument. Phase 2 (instrument validation) used 

statistical methods to find the indexes of 

validity, reliability, difficulty, and 

discrimination of test items.  Population in this 

research was all students of the 8th grade in the 

lower secondary school of 18 Semarang. There 

are 8 classes and one class was selected as the 

pilot testing draft of instruments that consist of 

32 students. The instruments that have been 

constructed will be evaluated by experts in the 

field of mathematics education, consist of 6 

persons. After evaluating, a pilot testing draft 

instrument will be done and the result will be 

validated using the statistical methods to find the 

indexes of validity, reliability, difficulty, and 

discrimination of test items. 
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3. Results and Discussion 
The test instrument that will be used to 

analyze the creative thinking process of students 

in solving geometry problems is constructed 

based on information processing taxonomy 

model consist of 5 items. The components of 

different levels of thinking in information 

processing taxonomy model which could be 

used to confirm and describe the student’s 

creative thinking process. The first item in the 

geometry test as the level one being the least 

difficult and the last item as the level five being 

the most difficult.  

The instruments that have been constructed 

will be evaluated by experts in the field of 

mathematics education, consist of 6 persons. 

The results of evaluating experts get the average 

score 4,38 from 5, included in a very good 

category. It means the instrument can be used 

and can be continued to pilot testing draft of the 

instrument. One intact class of 32 students were 

selected for the pilot testing draft.  

Examples are shown to describe how the 

information processing taxonomy model could 

be used to construct test item in geometry at 

different levels on the basis of these features. 

This study used the solid theme as the content 

area of study. Example 1 is shown the test item 

in the second level based on the hierarchy level 

of information processing taxonomy model. 

 

Example 1 

The roof of a building has a square pyramid 

shape is 18 m × 18 m. The high of the roof is 9 

m. Find the volume of air that contained in the 

building! 

 

Figure 1 shows that two sources of 

information are operated at the STM level. (1’), 

the roof of a building has a square pyramid 

shape, s=18 m, h=9 m, and (2’), find the volume 

of air that contained in the building, are pieces 

of information retrieved from the ES. 

Information (3’), the volume of pyramid 

formula, is retrieved from the LTM. They are 

operated at the STM to produce (4), 972. 
Figure 1. Representation of Creative Thinking 

Process for Solving Example 1 

 

 

 

 

 

 

 

Example 2 shows the test item on the third 

level based on the hierarchy level of information 

processing taxonomy model. 

 
Example 2 

Some of the unit cubes are arranged into a 

cuboid of 5 × 3 × 4  volume units. The unit 

cubes are not added or reduced will be formed 

into another cuboid. Find all possible new 

cuboid sizes that can be created! 

 
Figure 2. Representation of Creative Thinking 

Process for Solving Example 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In example 2 question, the topic being 

assessed is the solid theme. Hence any skills 

related to the solid theme are classified as type 

A information. Notice that in Figure 2, the 

volume of a cuboid is classified as type A 

information. The statement “prime factorization 

of cuboid volume” which is not a skill directly 

related to the topic of the solid theme is 

classified as type B information. These pieces of 

information described above are retrieved from 

the LTM. 

Example 3 is shown the test item in the 

five-level based on the hierarchy level of 

information processing taxonomy model. 

 

Example 3 
The volume of the cuboid-shaped swimming pool 

is 64 m3. If the ratio of the length, width, and 

height is 4:2:1. Find the length, width, and 

height of the swimming pool! 

 

In Example 3, both the primary and 

secondary production of information were 

observed to elicit information from the 

secondary sources (Figure 3). The primary 

production is using the method to find the 
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length, width, and height by applying concept 

“volume of swimming pool = volume of 

cuboid”, whereas the secondary production is 

the technique to substitution the value of x to the 

ratio of the length, width, and height. 
 Figure 3. Representation of Creative Thinking 

Process for Solving Example 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

There were four stages in instrument 

validation phase. The first stage was finding the 

validity of the test items. The validity has been 

analyzed by using product moment correlation 

formula. The test items considered valid if 𝑟𝑥𝑦 >

𝑟𝑡𝑎𝑏𝑙𝑒 . The result of 𝑟𝑡𝑎𝑏𝑙𝑒 = 0,349  with 𝑁 =
32 and ∝= 5%. The second stage was finding 

the reliability test. The reliability has been 

analyzed by calculating the value of 𝑟11. If 𝑟11 >
𝑟𝑡𝑎𝑏𝑙𝑒 then the test items were said to be reliable. 

The third stage was finding the item difficulty 

index by dividing average score of each item 

with the maximum score of each item. The last 

stage was finding the discrimination index. The 

result of all analysis can be seen in Table 2.  

 
Table 2. Indexes of Validity, Reliability, Difficulty, 

and Discrimination for Test Items 

 
No Validi

ty 

Reliabi

lity 

Difficulty Discrimi

nation  
1 

 

2 
 

3 

 
4 

 

5 

0,763  

(valid) 
0,804 
(valid) 

0,772 

(valid) 
0,633 

(valid) 

0,734 
(valid)  

0,793 

(reliabl

e) 

0,82 

(easy) 

0,65 
(medium) 

0,64 

(medium) 
0,62 

(medium) 

0,52  
(medium) 

0,50 

(good) 

0,44 
(good) 

0,44 

(good) 
0,50 

(good) 

0,58 
(good) 

 

Based on the data in Table 2, it can be 

concluded that all of the test items can be used 

as an instrument in this study. It means that the 

instrument can be used to assess and describe 

mathematical creative thinking process of 

students at different hierarchical levels of 

information processing taxonomy model. The 

test items difficulty index demonstrated that the 

items difficulty index increases from item 

number 1 to item number 5. The hierarchical 

pattern seems to conform to the hypothesised of 

information processing taxonomy model This is 

appropriate with Fong (1994, 1995), instrument 

test based on information processing taxonomy 

model could determine their levels of thinking in 

terms of the processes of mathematical 

knowledge underlying some specifics features, 

such as the primary and secondary production of 

information and type A and B information 

retrieved from the LTM.  

 

4. Conclusion 
The information processing taxonomy 

model could be used to construct mathematical 

creative thinking test items in geometry at 

different levels based on existing characteristics. 

There were 5 items that have been constructed in 

this study. All of the test items have followed 

the instrument development process. The results 

of instrument validation showed that all of the 

items were valid and can be used to analyze 

mathematical creative thinking. The information 

processing taxonomy model also has implication 

for the teaching and learning of mathematics. 

Using this model, mathematics problems can be 

classified into several levels of thinking based 

on specific characteristics in solving problems. 

Thus, further research in teaching and learning 

of mathematics may be able to apply these 

characteristics of the information processing 

taxonomy model to analyze the mathematical 

creative thinking process 

.  
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