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 THE PROPORTION OF COGNITIVE ASPECTS OF QUESTION 

IN MATHEMATICS TEXTBOOK BASED ON MARZANO'S 

TAXONOMY: AN INDONESIAN CASE IN IMPLEMENTING 

NEW CURRICULUM. Mathematical textbooks are one source of 

learning that has an important role in learning activities. But the 

existence of the government-issued mathematics textbook (BSE) 

which is currently widely used in class X high schools, still does 

not know the quality of its cognitive aspects. The purpose of this 

study was to find out the questions contained in class X high school 

mathematics textbooks had met the criteria of a good question 

according to the Marzano cognitive aspects. Qualitative descriptive 

research was used to analyze competency test questions in 

mathematics books. Data was collected through a question 

categorization checklist based on Marzano's cognitive aspects 

validated by experts. Guidelines for question analysis based on 

Marzano's taxonomy's cognitive aspects consisted of levels of 

cognitive retrieval, levels of cognitive understanding, levels of 

cognitive analysis, and levels of cognitive knowledge. The results 

showed that the percentage of question distribution for the recall 

rate was 17%, at an understanding level of 14%, 30% analysis level, 

and 39% knowledge level; in other words, cognitive distribution in 

high school mathematics class X textbooks was still not ideal 

according to proportional allocation of aspects cognitive 
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INTRODUCTION 

The curriculum in Indonesia has 

undergone a transition from the 2006 

curriculum to the 2013 curriculum. The 

lessons applied in education units are too 

dense and overlapping, so the 2006 

curriculum is refined in the 2013 

curriculum (Ilma & Pratama, 2015). The 

2013 curriculum aims to encourage 

students to be better able to observe, ask, 

reason, and communicate (present) what 

they get or know after receiving learning 

material at school (Maba, 2017). Students 

will be more creative, innovative, and more 

productive so that later students can be 

successful in facing the various problems 

and challenges they find in learning 

activities. Learning activities in the 2013 

Curriculum scheme are held to shape 

character, build knowledge, attitudes, and 

habits to improve student life quality 

(Prihantoro, 2015). Learning activities are 

expected to be able to empower all 

potential students to master the expected 

competencies. Students can develop 

attitudes and experiences according to 

their potential so that the teacher's role is 

no longer as a provider of knowledge but as 

a facilitator or helping students so that 

students can master the various 

competencies expected by the curriculum 

(Margalef & Pareja Roblin, 2016). 

Mathematics, which is one of the scientific 

fields, has an important role in schools and 

everyday life. The uses and benefits of 

studying mathematics can be felt in 

various ways. Apart from being a 

requirement for graduation at various 

levels, both primary school, junior high 

school, and high school in the Indonesian 

education system, mathematics can be 

applied in many ways such as trading or 

buying and selling activities that are 

always encountered every day (Cross, 

Woods, & Schweingruber, 2009). For this 

reason, mathematics is one of the subjects 

that students must study in schools, 

including at the junior high school level. 

Mathematics learning is a learning activity 

created by teachers to develop students' 

creative thinking skills (Vale & Barbosa, 

2015), and can increase the ability to build 

new knowledge (Saxe, 2015; Bodrova, & 

Leong, 2015) as an effort to increase good 

mastery. On mathematics material 

(Bonnett, Yuill & Carr, 2017). Learning 

mathematics in schools is characterized by 

the interaction between teachers and 

students, which involves developing 

thinking patterns and processing logic. The 

teacher creates such learning situations in 

an interactive learning environment. The 

success of a lesson is supported by the 

existence of various elements of learning. 

One important element in learning is 

teaching materials (Pratama & Retnawati, 

2018). 

According to Collopy (2003), teaching 

materials are a part of teaching resources 

that can be interpreted as something that 

contains learning messages, both specific 

and general in nature, that can be used for 

learning purposes. One of the learning 

outcomes can be influenced by the 

availability of teaching materials that 

make it easier for individuals to study 

subject matter, resulting in better learning 

(Hong, 1996). 

According to Jacobsen, Eggen, & Kauchak 

(2002), there are several things teachers 

must do related to the availability of 

teaching materials, namely (1) providing 

various examples and representations of 

subject matter to students, (2) encouraging 
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high levels of interaction in the learning 

process, (3) connecting the subject matter 

with the real world. The material that has 

been developed can be organized into 

teaching materials to make it easier for 

students to learn it. 

The types of teaching materials are divided 

into several grouping criteria. Among 

them: (1) visual teaching materials are 

consisting of printed materials such as 

handouts, books, modules, student 

worksheets, brochures, pictures, and 

others; (2) audio teaching materials such 

as cassettes, radios, and audio compact 

disks; (3) audiovisual teaching materials 

such as video compact disks, films; (4) 

interactive multimedia teaching materials 

such as computer and web-based teaching 

materials (Hung, Chen & Huang, 2017). 

Meanwhile, according to Smith (2016), the 

types of teaching materials based on the 

subject consist of two types, namely: (a) 

Teaching materials that are deliberately 

designed for learning, such as books, 

handout, worksheets, and modules; (b) 

Teaching materials that are not designed 

but can be used for learning, for example, 

clippings, newspapers, films, 

advertisements or news. One of the 

teaching materials that are often used in 

schools is textbooks or textbooks. 

Textbooks are the primary reference book 

used by students and teachers in learning 

and teaching activities (Ronda & Adler, 

2017). The textbook in question is written 

work used by the teacher in the teaching 

and learning process (Hadar, 2017). Good 

textbooks are written in good and easy to 

understand language, presented in an 

attractive manner, accompanied by 

pictures and captions (Bellens, Van den 

Noortgate & Van Damme, 2020). Students' 

content needs to be considered for its 

quality as one of the factors that influence 

success in learning. In subjects that 

require high cognitive level abilities, 

especially mathematics, it will be quite 

difficult for students to understand the 

material if they only rely on the teacher's 

explanation, therefore the need for 

textbooks as learning material in 

understanding mathematics. 

Although the National Professional 

Certification Agency (BNSP) has 

conducted a feasibility assessment of these 

textbooks in textbooks in schools, one of 

them is the proportion of questions in 

textbooks that students can use in 

problem-solving reasoning is considered 

low (Mahmudi, 2019; Yang & Sianturi, 

2017). In line with the research conducted 

by Giani, Zulkardi & Hiltrimartin (2015), 

on the cognitive level analysis of 

Mathematics textbook questions for grade 

VII based on Bloom's taxonomy by 

examining the questions in the BSE 

Mathematics Concept book and its 

application for grade VII SMP and MTs, 

the results of their research show The 

competency test questions in the equations 

and inequalities chapter are linear one 

variable at the cognitive level from 

remembering to analyzing. At the level of 

evaluating and making, no problems were 

found. The percentage of the number of 

questions piled up at the C3 level was 

61.94%. Another study conducted by 

Cahyono & Adilah (2016), regarding the 

analysis of questions in the 2013 class VIII 

semester 1 mathematics curriculum book 

based on the TIMSS cognitive dimension, 

the result is the percentage of cognitive 

prayer contained in student books, the 

cognitive domain coverage has not 

matched the proportions tested on the 

dimensions cognitive in TIMSS was 

11.63%. From the various researches that 

have been done, it can be seen that the 

proportion of the questions is not evenly 

distributed so that it shows the weakness 
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of the mathematics textbooks used in 

schools. 

The 2013 curriculum revision in 2017 has 

produced the latest high school 

mathematics textbook published by the 

Ministry of Education and Culture 

(Kemendikbud), which is expected to meet 

the cognitive, psycho-motoric, and affective 

aspects of the characteristics of 

mathematics itself. Mathematics textbooks 

are effective if they are adapted to 

students' processing or cognitive abilities 

(Remillard, 1999). In mathematics, in 

particular, requires high-order thinking 

processes (Pratama & Retnawati 2018). 

Because mathematics trains reasoning 

thinking and drawing conclusions, for 

example through investigation, 

exploration, experimentation, showing 

similarities, differences, consistency, and 

inter-consistency (Toheri, Winarso & 

Haqq, 2019). 

Cognitive can be defined as intelligence, 

thinking, and observing (Bjorklund & 

Causey, 2017). Cognitive can also be 

defined as student behavior that produces 

knowledge or what is needed to acquire 

knowledge (Downs & Stea, 2017). Thus, 

students who are able to coordinate 

various ways of thinking to solve problems 

by designing, remembering, and looking 

for alternatives to problem-solving are a 

measure of their cognitive development 

(Pike, 2000; Leonard, 2018). 

According to Giani, Zulkardi & 

Hiltrimartin (2015), argues that the ratio 

of good questions for the criteria for easy, 

medium, and difficult questions is 3: 4: 3. 

Categories of easy questions are based on 

the level of cognitive ability to know and 

understand, and moderate category 

questions are at the ability to apply and 

analyze. Difficult level questions are at the 

level of ability to evaluate and create. 

Based on this comparison, the percentage 

of questions for each cognitive level is 

formulated as follows, 30% for easy 

questions, 40% for medium category 

questions, and 30% for difficult category 

questions. Writing textbooks needs to 

analyze learning objectives by categorizing 

the elements or aspects of the learning 

objectives (Sitepu, 2012), one of which is by 

analyzing the items contained in the 

textbook based on the learning taxonomy. 

According to Marzano's Taxonomy, the 

cognitive aspect can be used as a reference 

because it can be used as a measure of the 

ability of students in Indonesia, especially 

in mathematics. Kuswana (2012) explains 

that Marzano's taxonomy is a system that 

classifies outcome goals and a theoretical 

model of mental processes. The Marzano 

taxonomy can be used to make questions 

and help teachers measure students' 

abilities in applying certain levels 

according to student conditions. In fact, 

this taxonomy moves from a simpler way to 

a more complete process of both 

information or procedures, from less 

awareness to more awareness of more 

control over the knowledge process and 

how to structure or use it, from a lack of 

personal involvement or commitment to 

great trust centrally and a reflection of 

one's identity. 

Fortuna (2018) states that the category of 

cognitive aspects in Marzano's taxonomy is 

more comprehensive because it interacts 

with “three initial knowledge,” including 

information, mental procedures, and 

psychomotor procedures. Also, Marzano's 

taxonomy is descriptive so that it can 

explain a problem in more detail. This 

cognitive aspect of Marzano's taxonomy 

includes the process of knowledge 

procedures, recalling or doing without 

understanding (retrieval), processes of 

sequences or structures of knowledge, 
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synthetics or steps and descriptions that 

are fundamental to basic understanding or 

comprehension, the process of accessing 

and examining knowledge about 

similarities and differences, diagnosing 

errors or consequent logic and predictable 

principles (analysis), the process of using 

knowledge from which problems can be 

addressed or solved, investigations can be 

planned, decisions and applications can be 

obtained (utilization). 

In general, the purpose of this study is to 

determine the proportion of the cognitive 

distribution of questions based on the 

cognitive aspects of Marzano found in the 

class X BSE mathematics textbook (2017 

revised edition Kurtilas). 

METHODS 

This type of research is a qualitative 

descriptive study, which examines the 

competency test questions in mathematics 

books (Lambert & Lambert, 2012). The 

research object is the competency test 

questions in each chapter in the X grade 

mathematics BSE textbook (2017 revised 

edition Kurtilas) published by the Ministry 

of Education and Culture, consisting of 11 

competency tests or 109 questions. The 

data was collected through a checklist 

categorization of questions based on 

Marzano's cognitive aspects, which were 

validated by experts. Guidelines for 

question analysis based on Marzano's 

taxonomy's cognitive aspects consist of 

cognitive retrieval level, cognitive 

comprehension level, cognitive analysis 

level, and cognitive knowledge level 

(Marzano & Kendall, 2006; Irvine, 2017 ). 

According to Irvine (2020), the criteria for 

Marzano's cognitive aspects at the 

retrieval level consist of a process of 

reasoning, remembering, reasoning, and 

implementation. Standards for cognitive 

aspects at the comprehension level consist 

of the process of reasoning taking and 

integrating. Criteria for cognitive aspects 

of analysis (analysis) consist of a reasoning 

process comparing, classifying, deductive 

reasoning, inductive reasoning, and error 

analysis. The criteria for the cognitive 

aspect of knowledge (knowledge) consist of 

the reasoning process of investigating, 

experimenting, problem-solving, and 

making decisions. 

Competency test questions were grouped 

first. After being grouped, the questions 

were categorized by means of a checklist. 

In the checklist process, the researcher 

first determines the questions that are 

included in each cognitive level. The next 

stage is then validated by expert 

validators. The final result has obtained 

the percentage at each cognitive level. 

RESULT AND DISCUSSION 

Textbooks are used as a means of learning 

and learning carried out by teachers and 

students in schools. According to Wuryani 

& Yamtinah (2018), textbooks are a means 

to support teaching and learning activities. 

Also, textbooks are also a supporting book 

for the government's student learning 

(Murdaningsih & Murtiyasa, 2016). In this 

case, the textbook referred to, one of which 

is the Mathematics Electronic Standard 

Book (BSE) of Class X textbook, which is 

currently widely used in schools. With the 

textbook, it is expected that the learning 

process can run conducive to the expected 

learning objectives. However, there are 

still weaknesses in textbooks in schools, 

even though BNSP has conducted a 

feasibility assessment of the textbooks 

(Giani, Zulkardi, & Hiltrimartin, 2015; 

Agustina, 2018). 

The mathematics textbook (BSE) of Class 

X  is one of the textbooks that is often used 
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in schools; this textbook has undergone 

several improvements from year to year. 

The last issue of the 2017 revised edition of 

the class X Kurtilas mathematics textbook 

in 2017. The cognitive quality of the book 

is not yet known. The researcher is 

interested in analyzing the X class X BSE 

mathematics textbook from a cognitive 

aspect. This right aims to determine the 

quality of textbooks based on the cognitive 

development of class X students. The 

method is to analyze the questions 

presented in each competency test. 

The researcher conducted an analysis of 11 

competency tests or 109 items based on 

Marzano's taxonomy's cognitive aspects. 

The cognitive aspect of Marzano consists of 

4 cognitive levels. The four groups consist 

of; calling or remembering, comprehension, 

analysis, and knowledge. Based on the 

analysis of the X BSE mathematics 

textbook, which consists of 11 competency 

tests with a total of 109 questions. 

Cognitive level data were obtained based 

on the cognitive aspects of Marzano's 

taxonomy as follows. 

Table 1. Distribution of Test on Marzano's Cognitive Aspects 

Chapter / 

Competency 

Test 

Distribution of Test Number of 

questions-

competency 

test 

Retrieval Comprehension) Analysis Knowledge 

1 / 1.1 1 1 2 2 6 

1 / 1.2 1 4 2 3 10 

2 / 2.1 3 0 4 3 10 

2 / 2.2 0 0 7 3 10 

3 / 3.1 0 0 3 7 10 

3 / 3.2 0 0 4 8 12 

4 / 4.1 2 3 3 2 10 

4 / 4.2 2 3 1 5 11 

4 / 4.3 2 2 3 3 10 

4 / 4.4 4 1 2 3 10 

4 / 4.5 4 1 2 3 10 

Total  19 15 33 42 109 
 

The percentage calculation for each 

cognitive level is obtained in the following 

way: 

1) Retrieval 
19

109
 × 100% = 17% 

2) Comprehension 
15

109
 × 100% = 14% 

3) Analysis 
33

109
 × 100% = 30% 

4) Knowladge) 
42

109
 × 100% = 39% 

 

Based on Table 1, the proportion of 

questions obtained in this study has a 

different cognitive distribution. Of the 109 

question items, 19 items are included in 

the retrieval level. The percentage is 17%, 

15 items are included in the 

comprehension level, or the percentage is 

14%, then 33 items are included in the 

level. The percentage analysis was 30%, 

and 42 items were included in the 

knowledge level (knowledge), or the 

percentage was 39%. These results can be 

clarified in the following figure 1. 
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Figur1. Cognitive Levels Based on 

Marzano's Cognitive Aspects 

In determining the criteria for a good 

question in a mathematics textbook, it is 

necessary to compare questions used as a 

reference or guideline so that the quality of 

a textbook is known whether it is 

proportional or still needs improvement. 

The ratio of good questions for the criteria 

for easy, medium, and difficult questions is 

3: 4: 3, or the percentage is 30% for easy 

category questions, 40% for medium 

category questions, and 30% for difficult 

category questions. Category questions are 

easy to develop based on the cognitive level 

of knowledge and understanding, category 

questions are being developed from the 

level of ability to apply and analyze, and 

categorical questions are difficult to 

develop from the level of ability to draw 

conclusions, evaluate and create (Giani, 

Zulkardi & Hiltrimartin, 2015;). According 

to Wulandari (2014) that the cognitive 

level of calling or remembering (retrieval) 

consists of the reasoning process of 

recalling, experiencing, and implementing 

or interpreted as the ability to remember. 

The cognitive level of comprehension 

(comprehension) consists of reasoning 

taking and integrating or interpreting 

comprehension skills. Furthermore, the 

cognitive level of analysis (analysis) 

consists of the reasoning process of 

comparing, classifying, deductive 

reasoning, inductive reasoning, and error 

analysis. The cognitive level of knowledge 

(knowledge) consists of the process of 

reasoning investigations, problem-solving, 

experimenting, and making decisions or is 

interpreted as the ability to draw 

conclusions and evaluate 

 Based on this information, it was found 

that the question criteria according to 

Marzano's taxonomy were 15% for 

questions included in the retrieval level, 

15% for questions included in the 

comprehension level, 40% for questions 

included in the cognitive analysis level 

( analysis) and 30% for questions included 

in the cognitive level of knowledge 

(knowledge). Based on table IV. This 

percentage shows that the composition of 

the questions is not good because the 

proportion of questions in this 

mathematics textbook does not meet the 

criteria for a good proportion of questions 

according to the cognitive aspects of 

Marzano's taxonomy, namely by referring 

to the comparison of the question criteria 

in order of 15%: 15%: 40%: 30%. 

Comparing the question criteria obtained 

in the X grade mathematics BSE textbook 

(2017 revised edition Kurtilas) is presented 

in the following table. 

Table 2. Comparison of Question Criteria 
Propor

tion 

Test 

Category 

Easy Mode

rate 

Hard 

Teori 

Sujan

a 

(2004) 

30% 40% 30% 

Deriva

tion of 

the 

Sujan

a 

theory 

to 

Marza

no 

Retrie

val 

Comprehe

nsion 

Analy

sis 

Knowl

edge 

15% 15% 40% 30% 

Resear

ch 

result 

17% 14% 30% 39% 

 

Based on this information, the proportion 

of research results on mathematics 

textbook questions at the cognitive level of 

calling or remembering (retrieval) ideally 
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contains a percentage of questions of 15%, 

while the results of this study are 

questions that include a level of 

understanding that exceeds the standard 

questions, namely 17%, the level of 

cognitive comprehension. Ideally, it 

contains a percentage of questions as large 

as 15%, whereas, in the results of this 

study, only the proportion of questions is 

14% or still below the standard, then for 

questions that are included in the analysis 

level. Ideally it contains a percentage of 

40%. In comparison, this study's results 

only get a proportion of 30% of the 

questions, which means that the 

proportion of questions is still far below the 

standard. The level of knowledge 

(knowledge) should ideally have a 

proportion of questions of 30%. In contrast, 

this study's results show that the 

proportion of questions is 39%, which 

means that these questions' ratio exceeds 

the criteria for good standard questions. 

According to Piaget's theory in Upton 

(2012), high school class X students are 

included in cognitive development's formal 

operational stage (11 years and over). At 

this stage, the child can do reasoning using 

abstract things and using logic. In certain 

subjects, especially mathematics, class X 

high school students have arrived at a 

higher cognitive level. As stated by 

Susanti, Trapsilasiwi & Kurniati (2015), 

states that mathematics textbooks will be 

effective if they are adjusted to the 

processing or cognitive abilities of the 

readers, so it is necessary to classify 

students' cognitive levels in working on 

questions in stages, from the easy to the 

most difficult. 

CONCLUSION AND IMPLICATION 

a. Conclusion 

The results of the analysis of the questions 

in the X grade mathematics BSE book 

(Kurtilas 2017 revised edition) concluded 

that the cognitive distribution according to 

Marzano's taxonomy on the revised edition 

2017 BSE Mathematics competency test 

questions, totaling 109 questions, got the 

distribution of questions, namely the 

summons retrieval as many as 19 items or 

the percentage is 17%, comprehension is 15 

items or the percentage is 14%, analysis is 

33 items or the percentage is 30%, and 

knowledge (knowledge) is 42 items 

questions or the percentage is 39%. 

The proportion of questions contained in 

the BSE SMA Mathematics class x (2017 

revised edition Kurtilas is not proportional 

according to the cognitive aspects of 

Marzano's taxonomy as ideally, it should 

meet the right question criteria, namely 

15% for the level of summons (retrieval), 

15% for the level of cognitive 

comprehension, 40% for the cognitive level 

of analysis (analysis) and 30% for the 

cognitive level of knowledge (knowledge), 

so there is still a need for improvement in 

the making of questions adjusted to these 

criteria.  

b. Implication 

Research on the analysis of this book is 

preliminary because it only looks at the 

cognitive realm. In addition to cognitive 

analysis, question analysis on other 

cognitive aspects of the X class curriculum 

BSE mathematics textbook's questions can 

be carried out in other research fields. This 

was done to find out more about the quality 

of the questions in the X Kurtilas class X 

mathematics BSE book. Improvements to 

the content of textbooks, both teacher and 

student books must be carried out 

continuously to compile quality 

mathematics textbooks, which can be used 

nationally according to the 2013 

curriculum formulation. 
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