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Abstract—Reading, Questioning, and Answering (RQA) is a 
constructivist based learning strategy. The implementation of 
RQA can motivate undergraduate students to read the assigned 
material and have an impact on improving the understanding 
of learning material. This study aims to describe 
undergraduate students' thinking abilities in the Authentic 
Assessment of Knowledge, Skills, and Attitude material in the 
Process and Learning Outcomes Assessment of Chemistry 
(PLOAC) subject through the implementation of RQA-based 
textbooks. The design used is One Group Pretest-Posttest 
Design. This research was carried out in the chemistry 
department of Universitas Negeri Surabaya with the subjects of 
25 undergraduate students. The results showed that: (1) Based 
on Bloom's taxonomy in Krathwohl's version, thinking ability 
obtain the percentage of undergraduate student achievement 
on each cognitive dimension include apply (C3) of 92.00, 
analyze (C4) of 68.00, and create (C6) of 86.67; and (2) N-gain 
scores for each cognitive dimension of thinking ability obtained 
have medium and high criteria. Based on the results of the 
study, the RQA strategy can be used as an alternative to 
empower undergraduate students' thinking ability. 
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I. INTRODUCTION 

One of the ways to improve the quality of education in 
tertiary institutions is to utilize learning resources. The 
statement is in line with the opinion that one of the factors 
that cause the low quality of lectures, among others, is not 
yet optimally utilized learning resources [1]. This is further 
complicated by a condition where lecturers dominate lecture 
activities, which should be done by utilizing varied learning 
resources. Based on this, to obtain optimal learning results, 
undergraduate students are required not only to rely on what 
is happening in the classroom but must be able and willing 
to explore the variety of learning resources needed. 

The Process and Learning Outcomes Assessment of 
Chemistry (PLOAC) course in the chemistry department is 
held for all chemistry education study program 
undergraduate students as prospective teachers, including in 
superior classes. The PLOAC course discusses the basic 
concepts of assessment, design, and application in chemical 
materials. The materials in the PLOAC course have 
theoretical characteristics or in the form of reading texts. 
Based on the characteristics of the material in the PLOAC 
course, the ability to read texts properly and in an organized 

manner is needed so that the terms and concepts contained 
in the material can be well understood and the quality of 
lectures can be improved. Excellent undergraduate students 
are expected to have the ability to communicate in English. 
Therefore, textbooks have been developed in the PLOAC 
courses in chemistry education courses in excellent classes 
in English. This is in line with the opinion of an expert that 
textbooks are teaching materials sourced from several kinds 
of literature that are relevant to basic competencies and 
subject matter and facilitate undergraduate students in the 
lecture process [2]. This statement is reinforced by the 
results of research that found that the activities in textbooks 
can help undergraduate students in building their own 
knowledge [3]. 

One of the constructivist learning strategies that can be 
used in accordance with facts related to the characteristics of 
the material in the PLOAC course and set forth in the 
Textbook is Reading, Questioning, and Answering (RQA) 
learning [4]. The RQA strategy begins with the reading 
stage where undergraduate students are given the task to 
read and understand the material reading, identify important 
ideas and find keywords so they are able to find essential 
concepts in the material, then at the questioning stage 
undergraduate students make a list of questions related to 
important concepts which is found when observing the 
material, and learning ends at the answering stage where 
undergraduate students predict the answers to the questions 
that have been made. Learning RQA is able to train 
undergraduate students to be serious in reading and 
understanding the contents of reading, helping 
undergraduate students in finding parts of substantial 
reading content so that when learning takes place 
undergraduate students already have concepts about the 
material they are learning [5]. The results of previous studies 
have found that textbooks that have been developed through 
R&D in the Process and Learning Outcomes Assessment of 
Chemistry (PLOAC) course in chemistry majors at Surabaya 
State University, Indonesia have fulfilled valid criteria based 
on criteria for construct, content, language, and readability, 
and suitability with RQA learning, so that it is feasible to be 
implemented in lectures [6]. 

The learning process involves the maximum mental 
process of undergraduate students, not only requires 
undergraduate students to simply listen, take notes, but also 
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requires undergraduate student activities in the process of 
thinking. However, in learning it must also be able to build a 
dialogical atmosphere and continuous question and answer 
process that is directed to improve and enhance students' 
thinking abilities, then the ability to think can help 
undergraduate students to gain knowledge that they 
construct themselves [7]. The Mastery of thinking ability is 
a fundamental process that enables undergraduate students 
to overcome various problems and is considered as the most 
important component of success in the 21st century. Various 
educational research results have shown that thinking ability 
can motivate undergraduate students to think in various 
disciplines. Based on the description above, in this study, a 
measurement of undergraduate students' thinking ability was 
carried out by implementing an RQA-based textbook that 
researchers had developed previously and was feasible based 
on the validator's evaluation. 

II. METHODS 

The targets of this study were 25 undergraduate students 
of the chemical education program at the State University of 
Surabaya, Indonesia. The research instrument used the ability 
to think test in the form of multiple-choice with 7 items. The 
results of this study were analyzed by descriptive 
quantitative. 

This research was pre-experimental design with One 
Group Pretest Posttest Design [8]. 

Measurement Treatment Measurement 
O1 X O2 

Notes: O1 = Pretest undergraduate student’ thinking ability. 
 X1 = Treatment using textbook based on RQA 
 O2 = Posttest undergraduate student’ thinking ability. 

 

The research begins with a pretest about undergraduate 
students' thinking abilities, followed by the implementation 
of learning using RQA-based textbooks based on the learning 
syntax of Reading Questioning and Answering (RQA), 
namely: 1) undergraduate students are given the task of 
reading lecture material, 2) undergraduate students are asked 
to arrange questions. The questions compiled must represent 
the main idea of the reading content, and 3) undergraduate 
students are asked to answer questions that have been 
prepared in writing. Activities at the questioning and 
answering stage are to train undergraduate students' thinking 
skills by referring to the revised dimension of knowledge 
from Bloom's taxonomy [9] including remembering, 
understanding, applying, analyzing, evaluating and creating. 
The activity ended with a posttest to find out the thinking 
ability of undergraduate students. 

The pretest-posttest score on the measurement of 
undergraduate students' thinking skills is converted to the 
total value and the percentage of achievement of each 
indicator is calculated. Undergraduate students are said to 
succeed in each indicator of the ability to think if they have a 
minimum percentage of achievement of 70%. The Improving 
of thinking ability test results are calculated using gain 
scores. Descriptive analysis of N-gain using N-Gain criteria, 
namely: 1) "N-gain-high", if <g> >0.7; 2) "N-gain-medium", 
if 0.3 <<g> ≤ 0.7; and 3) "N-gain-low", if <g> ≤ 0.3. [10]. 

 

III. RESULTS AND DISCUSSIONS 

Thinking ability is the ability of undergraduate students 
to use concepts, principles, and theories into concrete 
situations in problem-solving shown by scores obtained by 
undergraduate students in thinking ability tests (pretest and 
posttest) for Authentic Assessment of Knowledge, Skills, and 
Attitude material in chemistry subject. The questions used in 
measuring thinking ability are questions that require 
undergraduate students to conduct thinking processes based 
on indicators of thinking ability. 

There are seven items used to measure undergraduate 
students' thinking abilities. The relationship between the 
main concepts in the Authentic Assessment of Knowledge, 
Skills, and Attitude material in chemistry subject with 
indicators of thinking ability made, is presented in Table 1. 

TABLE I.  RELATIONSHIP BETWEEN THE MAIN CONCEPTS OF 
MATERIALS WITH INDICATORS OF THINKING ABILITY 

Main Concepts Number Indicators 
Knowledge assessment in 
chemistry subject matter, 
basic competencies, 
lesson plan, syllabus, 
written test, oral test, 
assignment, true-false, 
multiple choice, match 
up, stuffing test, essay, 
quizzes, task, objective 
test, selection, 
placement, diagnostic, 
formative, summative, 
writing rules, qualitative 
analysis, skill 
assessment, performance 
assessment, project, 
portfolio, product, 
attitude assessment, self-
assessment. 

1. Identifying the assessment of 
the knowledge, skills, attitudes 
in the learning process in 
chemistry subject matter.  

2. Analyzing the characteristics of 
various knowledge assessment 
techniques in chemistry subject 
matter. 

3. Analyzing the characteristics of 
various skill assessment 
techniques in chemistry subject 
matter. 

4. Developing skills assessment.
5. Analyzing the characteristics of 

various attitude assessment 
techniques in chemistry subject 
matter. 

6. Developing attitude assessment.
7. Developing skill and attitude 

assessment rubric in chemistry 
subject matter. 

 

Based on Table 1, indicators created to measure 
undergraduate students' thinking abilities include applying 
(C3), analyzing (C4), and creating (C6). Undergraduate 
student pretest and posttest results on Authentic Assessment 
of Knowledge, Skills, and Attitude material in chemistry 
subject are presented in Fig. 1 
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Fig. 1. Achievement of Thinking Abilities Indicators  

Fig. 1 reveals a comparison of the percentage of 
achievement of each undergraduate student's thinking ability, 
including applying, analyzing, and creating. Each thinking 
ability changes from pretest to posttest in various ways. The 
facts show that the ability to think the analysis in indicator 5 
has the lowest percentage of achievement. 

The undergraduate students' thinking ability has been 
trained through the implementation of RQA-based textbooks. 
Undergraduate Students have been trained in the process of 
thinking to build an understanding of the contents of written 
readings and practice to develop thinking ability through the 
arrange of questions related to the concept of the material. 
This is consistent with the opinion that reading is a way to 
see and understand the contents of what is written and read is 
a thought process to build understanding, knowledge, and 
experience, and also interactive language communication 
between readers and writers through text [11]. 

In the ability to think of applying, undergraduate students' 
thinking ability is measured through indicators that are 
identifying the assessment of the knowledge, skills, attitudes 
in the learning process in chemistry subject matter. The 
success of undergraduate students in the apply indicator is 
shown by the percentage of achievement of 92%. This means 
that undergraduate students have been able to apply various 
concepts related to the realm of knowledge, skills, and 
attitudes in the learning process in chemistry subject matter 
in real problems. Nevertheless, there are still some 
undergraduate students who are wrong in giving meaning to 
the behavior contained in the basic competencies in the 
curriculum, so undergraduate students have not been able to 
identify the assessment of the knowledge, skills, attitudes in 
the learning process in chemistry subject matter correctly. 

For thinking skills analyzing the characteristics of various 
knowledge and skills assessment techniques in chemistry 
subject matter, undergraduate students have succeeded 
because they have an achievement percentage of 72.00% and 
76.00%. However, the ability to analyze the characteristics of 
various attitude assessment techniques in subject matter 
chemistry, undergraduate students only have a percentage of 
achievement of 56.00%. This is due, some undergraduate 

students are less able to disclose information that has been 
obtained and decide on a form of knowledge structure 
through the breakdown of relevant knowledge. For example 
in chemical practicum activities, various attitude assessment 
techniques should be applied such as honesty, discipline, and 
cooperation, but students still have difficulty in determining 
the application of appropriate attitude assessment techniques. 

The ability to think analyzing is the ability to divide and 
describe knowledge or problem into an important and 
unimportant part and look for the relationship of the 
components of knowledge [12]. Another opinion states that 
the ability to think to analyze break material into constituent 
parts and determine how parts relate to one another and to an 
overall structure or purpose. Analysis thinking ability 
consists of differentiating aspects, organizing aspects, and 
attributing aspects [9]. The aspect of sorting is the ability to 
sort or divide a part of knowledge between relevant or 
irrelevant parts as well as parts that are important or not 
important. Aspects of organizing are the ability to determine 
the elements in knowledge and know the role of each 
element in making a knowledge structure. Attributing aspect 
is the ability to express information that has been obtained in 
the form of conclusions to determine the perspective behind 
knowledge.  The ability to analyze can develop problem-
solving skills, analyze data, and use information wisely. The 
ability to think of analysis is a cognitive level higher than the 
ability to understand and apply because to have the ability to 
analyze someone must be able to understand the contents as 
well as the organizational structure. 

In the ability to think to create, undergraduate students' 
thinking ability is measured through indicators namely 
developing skills assessment, developing attitude assessment, 
and developing skills and attitude assessment rubric in 
chemistry subject matter. The success of undergraduate 
students in indicators of creating, shown by the percentage of 
achievement of 92%, 84%, and 84%. This means that 
undergraduate students have been able to create is to put 
elements together to form a coherent or functional whole; 
reorganizing elements into a new pattern or structure; 
inventing a product [9]. This is in line with the opinion which 
states that one of the important thinking ability to be 
developed in the field of education is creative thinking ability 
[13; 14]. Creative thinking is cognitive activity in finding 
solutions to solve a problem [15]. Creative thinking is an 
original and reflective way of thinking and produces a 
complex product. Included in creative thinking is to 
synthesize ideas, generate new ideas, and determine the 
effectiveness of existing ideas. 

The facts show that through the implementation of 
textbooks based on RQA, undergraduate students' creative 
thinking skills have been achieved. This is consistent with the 
opinion that creative thinking skills can be developed from 
several abilities such as the ability to solve problems, the 
ability to write and read various sources [16]. Reading 
activities carried out in a structured and organized manner 
can develop creative thinking skills [17]. Undergraduate 
students who easily understand a reading well can increase 
their creative thinking ability [18]. In the reading text, there 
are many main ideas for developing creative ideas [19]. 

Research finding states that reading activities have a 
positive relationship with creative thinking skills because 
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reading activities require critical thinking skills, analytical, 
expressive abilities, and the process of discovery [16]. 
Undergraduate students who spend more time reading can 
improve their creative thinking skills, including the ability to 
develop ideas or ideas to solve problems. 

To find out the improvement of undergraduate students' 
thinking ability, N-Gain is used, as presented in Table II. 

TABLE II.  LASSIFICATION OF N-GAIN ABILITY THINKING 
UNDERGRADUATE STUDENTS 

Indicators 
% Pretest 

Achievement 
% Posttest 

Achievement 
N-Gain 

(Criteria) 
Identifying the 
assessment of the 
knowledge, skills, 
attitudes in the 
learning process in 
chemistry subject 
matter.  

72.00 92.00 0.71 (High) 

Analyzing the 
characteristics of 
various knowledge 
assessment techniques 
in chemistry subject 
matter. 

16.00 72.00 
0.67 

(Medium) 

Analyzing the 
characteristics of 
various skill 
assessment techniques 
in chemistry subject 
matter. 

36.00 76.00 
0.63 

(Medium) 

Developing skills 
assessment. 

36.00 92.00 0.88 (High) 

Analyzing the 
characteristics of 
various attitude 
assessment techniques 
in chemistry subject 
matter. 

8.00 56.00 
0.52 

(Medium) 

Developing attitude 
assessment. 

48.00 84.00 
0.69 

(Medium) 
Developing skill and 
attitude assessment 
rubric in chemistry 
subject matter. 

36.00 84.00 
0.75 

(High) 

 
From Table II, it is known that the value of N-Gain in 

undergraduate students' thinking ability is mostly in the 
moderate classification, namely at intervals of 0.30 ≥ N-
Gain ≤ 0.70. Undergraduate students are said to succeed in 
each indicator of thinking ability if they have a minimum 
percentage of achievement of 70%. Based on Table II, 
undergraduate students still have not succeeded in 
completing one indicator namely Analyzing the 
characteristics of various attitude assessment techniques in 
chemistry subject matter. 

The ability to think is a way for someone to improve the 
quality of the results of thinking using systematic techniques 
of thinking and producing intellectual power [20]. Criteria in 
the process of thinking ability are clarity, level of accuracy, 
the level of precision, relevance, logic of thinking used, 
breadth of perspective, depth of thought, honesty, 
completeness of information and how the implications of the 
proposed solution, it is necessary to teach a course so that 
can an increase in undergraduate students' thinking abilities. 

This study revealed that the steps of RQA learning 
proved effective in improving undergraduate students' 
thinking ability. One of the learning steps in RQA is reading. 
Reading habits will prepare a person to be a productive 
human being and the ability to read and learn new things can 
keep the brain healthy [21]. 

Further explained that the ability to read can bring up the 
ability to understand and comprehend the new subject matter. 
In addition through reading habits, a person can be trained to 
sort out authentic information, practice thinking ability, and 
develop skills specifically analytical skills. Adequate reading 
comprehension will make it easier for undergraduate students 
to get information from various written sources because most 
of the knowledge learned is in written material. Some 
educational studies reveal a close relationship between 
reading habits and academic success [22]. 

IV. CONCLUSION 

Based on the description of the research results above, the 
conclusions that can be drawn are: (1) Based on Bloom's 
taxonomy in Krathwohl's version, thinking ability obtain the 
percentage of undergraduate student achievement on each 
cognitive dimension include applying (C3) of 92.00, 
analyzing (C4) of 68.00, and creating (C6) of 86.67; and (2) 
N-gain scores for each cognitive dimension of thinking 
ability obtained have medium and high criteria. Based on the 
results of the study, the RQA strategy can be used as an 
alternative to empower undergraduate students' thinking 
ability. 
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