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 Increasing the effectiveness of learning is done by exploring 
the initial understanding of science teacher candidates for 
the concept of cells to be studied. Exploring the prior 
knowledge of science teacher candidates about cell concepts 
can be done using the Cell Cognitive Diagnostic Assessment 
(CCDA) instrument. This study aims to determine the 
effectiveness of the CCDA instrument that has been 
developed. The research sample (n = 163) was student 
science teacher candidates coming from the Department of 
Chemistry Education, Physics Education, and Biology 
Education, Faculty Teaching Training and Education, 
Sriwijaya University, Indonesia. The topics tested include 
the structure and function of cells, cell membranes and 
molecular transport, cell reproduction, and cell 
communication. The results showed that all the items 
developed were valid, with a high level of reliability (0.86), a 
very good discrimination index (0.44), and a balance was 
found between the number of questions classified as difficult 
and moderate. Although the research results show that this 
instrument has been valid and reliable, it still needs to be 
improved on the items so that they can be used in the future.   
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INTRODUCTION 
Assessments are carried out as a form of effort to improve the quality of learning that 

takes place at every level of education (Harahap, Komala & Ristanto, 2020; Lestari, Ristanto, & 
Miarsyah, 2019). Assessment is not only carried out at the end of learning to see learning 
outcomes but is also carried out before learning takes place to analyze the strengths and 
weaknesses of students related to the concepts being taught (Gurel, et.al., 2015). The 
implementation of such an assessment provides benefits for teachers and students to facilitate 
the learning process that will be passed by providing valuable input on various policies taken 
by the teacher with an orientation to the learning process that will take place (Zhao, 2013). 

The results of previous research have illustrated that there is a positive influence between 
the diagnostic tests conducted by the teacher before the learning process and the learning 
outcomes achieved by students (Hikmasari, et.al., 2017; Nikmard & Tavassoli, 2019; Esomonu 
& Eleje, 2020). Of course, this is due to the constraints that may arise from students related to 
their cognitive abilities that have been reflected in the diagnostic tests previously given (Tan 
Geok Shim, et.al., 2017). The results obtained from the diagnostic tests that are carried out can 
influence the learning methods and strategies chosen by the teacher to teach these concepts to 
students so that they are easy to understand and have an efficient time to complete learning 
achievement targets (Gurel, et.al., 2015). Approaches that can be chosen to diagnose students' 
abilities before the learning process is carried out include using the cognitive diagnostic 
assessment (CDA) approach (Jang, 2008). 

This CDA approach provides important information related to which concepts need to be 
studied more deeply and which concepts can be passed according to student needs (Galvin & 
Simmie, 2015). This departs from the belief that students have their understanding of various 
kinds of concepts, both from previous levels of education and from experiences possessed by 
students (Ekon & Edem, 2018; Pekel, 2019). Of course, it is expected that the understanding 
possessed by students is the correct understanding of the concept, but it does not rule out 
misconceptions. Many studies have reported the misconceptions students to have about certain 
concepts with various tracking methods (Andariana, et.al., 2020; Duda & Adpriyadi, et.al., 2020; 
Soeharto, et.al., 2020; Mahror & Mahmud, 2020). The ongoing learning process is expected to 
rectify these misconceptions by choosing the right learning methods and strategies. Besides 
that, the allocation of time must also be made effective, considering that sometimes many 
concepts must be learned in a short time. 

The limited-time allocation and the breadth of material is one of the obstacles faced in the 
Biology learning process for science teacher candidates at Universitas Sriwijaya, Indonesia. 
Especially on the topic of cells. The results of observations made on science teacher candidates 
and science teachers indicate that there are difficulties in understanding the topic of cells. This 
is due to the abstract, complex concept of cells and the use of terminology that is difficult to 
remember and understand. Furthermore, the observations indicate that the various 
mechanisms involved in this concept make the topic of cells even more difficult to understand. 
One of the efforts that can be made to increase the efficiency of time in the learning process of 
cell concepts in science teacher candidates can be done by giving Cell Cognitive Diagnostic 
Assessment (CCDA) questions. It is important to give CCDA to know more about the weaknesses 
and strengths of the concepts possessed by science teacher candidates. 

 
METHODS 
Research Design 

This research is quantitative descriptive. This study aims to evaluate the CCDA instrument 
developed for science teacher candidates. This is done to obtain a complete and clear picture of 
the instrument being developed. This study shows the validity of the items, the reliability of the 
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items, the discrimination index, and the difficulty index. The research lasted for four months, 
from July-October 2020. 
 
Population and Samples 

The population in this study were all science teacher candidates at the Faculty of Teacher 
Training and Education, Sriwijaya University, Indonesia. The research sample consisted of 163 
science teacher candidate students from three majors, namely the Department of Chemistry 
Education, Physical Education, and Biology Education who took General Biology courses in the 
2020/2021 academic year. 
 
Instrument 

The instrument used in this study was a previously developed CCDA instrument. The 
question instrument consists of 20 multiple choice questions with five alternative answer 
choices. The development of questions has gone through the stages of literature analysis, both 
analysis of supporting books and research results that are relevant and related to the topic 
under study. The development of the questions used refers to the expected learning objectives 
in General Biology courses, while the development of answer choices is carried out by 
considering the results of research related to students' misconceptions about the concept of 
cells. The topics tested in this study include cell structure and function (9 questions); cell 
membrane and molecular transport (4 questions); cell reproduction (5 questions), and cell 
communication (2 questions) (Table 1.). The expert validation (n=1) process has been carried 
out and it shows that the instrument used has been validated in the valid category (86.42%). 
 
Table 1.  
Question distribution based on the topics 

No. Topic Question Number 
1. Cell structure and function 1, 2, 3, 4, 5, 7, 16, 19, 20 
2. Cell membrane and molecular transport 8, 10, 11, 12,  
3. Cell reproduction 6, 9, 13, 14, 15,  
4. Cell communication 17, 18,  

 
The data collection process was carried out online by considering the current pandemic 

conditions. Data retrieval was carried out using Google Form media. The sample is given a link 
to the CCDA instrument used.  
 
Procedure 

This research took place through three stages of research, namely: making instruments, 
collecting data, and analyzing data. The stage of making the instrument is carried out by 
referring to the Cresswell & Cresswell framework (2017). The data collection stage begins by 
entering the question instruments that have been made into Google Form. The Google Form is 
arranged in a quiz format, so that science teacher prospective students immediately get their 
results after sending their answers. Furthermore, the link to the CCDA question instrument was 
distributed to the sample to be answered by science teacher prospective students. Testing of 
this instrument is carried out before the learning process takes place. The third stage is to 
analyze the data that has been obtained from the response of the research sample. 
 
Data Analysis Techniques 

The data that has been obtained from the data collection process is then carried out by 
calculating the scoring for each item tested. Each correct answer has a value of 1 and the wrong 
answer is worth 0 so that the total score for each item is obtained. Furthermore, the score is 
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used to calculate the validity of the items (1), the reliability of the questions (2), the 
discrimination index (3), and the difficulty index (4).  

rxy = 
𝑁∑𝑋𝑌−(∑𝑋) (∑𝑌)

√{𝑁∑𝑋2−(∑𝑋2)}{𝑁∑𝑌2−(∑𝑌2)}
   (1) 

 

r11 = (
𝑘

𝑘 − 1
) (1 − 

∑𝜎𝑏
2

𝜎𝑡
2 )   (2) 

 

D = 
𝑆𝐴 − 𝑆𝐵

𝑛
     (3) 

 

p = 
𝑅

𝑇
      (4)  

 
 After calculating the validity, the items are said to be valid if the value of rcount> rtabel, 
while to determine the quality of the test reliability, the discrimination index, and the difficulty 
index are determined by referring to Tables 2, 3, and 4. 
 
Table 2.  
Interpretation reliability index  

Nilai Category 
0,80 < r11≤1,00 Very high 
0,60 < r11≤0,80 High 
0,40 < r11≤0,60 Moderate 
0,20 < r11≤0,40 Low 
0,00 < r11≤0,20 Very low 

(Rahmah, et.al., 2020) 
 
Table 3.  
Interpretation discrimination index  

Discrimination Index Item evaluation 
0,40 and above Very good item accepted 
0,30 – 0,39 Reasonably good, but subject to improvement 
0,20 – 0,29  Marginal item, usually need and subject to 

improvement 
Below 0,19 Poor items to be rejected or improved by revision 

(Puthiaparampil, et.al., 2017) 
 
Tabel 4.  
Interpretation difficulty index  

Difficulty index Interpretation 
0 -0,3 Difficult 
0,31-0,79 Moderate 
0,8 – 1 Easy 

(Rahmah, et.al., 2020) 
 
RESULTS AND DISCUSSION 
 Making a cognitive diagnostic assessment instrument is one way that can be done to find 
out students' prior knowledge before the learning process is carried out. Many research results 
that have been conducted show that extracting students' prior knowledge has an impact on 
increasing the effectiveness of the learning process (van Riensen, et, al., 2019; Baek, et, al., 2015; 
Hailikari, et, al., 2008). The development of the cognitive diagnostic assessment instrument is 
carried out by considering the needs to be achieved from the learning process and also the 
study of the content of the concepts being studied (Cresswell & Cresswell, 2017). The CCDA 
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instrument development process has been carried out and produced 20 multiple choice 
questions with five alternative answer choices. The evaluation of instrument development 
begins with expert validation and the small group testing that has been done previously. 
Furthermore, the instrument was tested on a larger scale, namely the field group stage to see 
the effectiveness of the instrument in terms of item validity, reliability, discrimination index, 
and difficulty index. 
 The CCDA instrument developed is divided into four topics, namely cell structure and 
function; cell membrane and molecular transport; cell reproduction; and cell communication. 
Testing the effectiveness of this instrument was carried out through the distribution of the 
instrument online due to the current Covid-19 pandemic. The medium used to distribute the 
instrument is Google Form. The test results on 163 science teacher candidate students are 
presented in Table 5. 
 
Tabel 5. 
Result of CCDA Analysis Item Question 

Item 
No. 

Item Validity Reliability 
test 

Index 
Discrimination 

Index Difficulty 

rxy rcount rtab Inter Value Inter Value Inter 

1 0,16 2,12 

1,65 

Valid 

0,86 

0,09 Poor 0,83 Easy 

2 0,26 3,42 Valid 0,48 Very Good 0,71 Moderate 

3 0,59 9,29 Valid 0,52 Very Good 0,28 Difficult 

4 0,56 8,56 Valid 0,48 Very Good 0,23 Difficult 

5 0,51 7,61 Valid 0,70 Very Good 0,35 Moderate 

6 0,65 10,95 Valid 0,57 Very Good 0,21 Difficult 

7 0,59 9,16 Valid 0,48 Very Good 0,25 Difficult 

8 0,33 4,43 Valid 0,27 Marginal 0,43 Moderate 

9 0,45 6,45 Valid 0,45 Very Good 0,31 Moderate 

10 0,55 8,38 Valid 0,45 Very Good 0,26 Difficult 

11 0,62 10,08 Valid 0,48 Very Good 0,21 Difficult 

12 0,35 4,72 Valid 0,41 Very Good 0,51 Moderate 

13 0,46 6,58 Valid 0,43 Very Good 0,33 Moderate 

14 0,63 10,23 Valid 0,48 Very Good 0,24 Difficult 

15 0,55 8,39 Valid 0,36 Good 0,21 Difficult 

16 0,38 5,13 Valid 0,34 Good 0,39 Moderate 

17 0,59 9,18 Valid 0,57 Very Good 0,28 Difficult 

18 0,55 8,41 Valid 0,48 Very Good 0,26 Difficult 

19 0,68 11,93 Valid 0,41 Very Good 0,15 Difficult 

20 0,34 4,58 Valid 0,41 Very Good 0,63 Moderate 

Mean      0,44 very good 0,35 Moderate 

 
 The results showed that all the CCDA items were valid. This is indicated by the 
magnitude of the rcount value which is greater than the rtabel as the reference value. This 
means that both the expert judgment and the calculation of each item developed have been 
valid to diagnose students' cognitive abilities in the concept of cells. One of the factors that 
determine the validity of an item is the readability of the item being developed (Maizeli, et, al., 
2020; Roy, et, al., 2020; Oliffe, et, al., 2019; Taherdoost, 2016)). Before entering the field group 
stage, the questions have gone through the small group evaluation stage and have gone through 
the readability test. The readability test results lead to various kinds of revisions that are 
needed so that the sample does not feel confused and ambiguous about the word chosen in the 
question.  
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The validity of each developed CCDA item is also supported by the relatively high-
reliability value (0.86). Of course, this also shows that in general the quality of the CCDA 
instruments developed is good. The high-reliability value indicates that this instrument will 
show relatively the same results even though it has been tested many times on various samples. 
Broadly speaking, the development of CCDA questions carried out has shown good results in 
terms of their validity and reliability. This finding is corroborated by other findings related to 
the discrimination index and the item difficulty index. Only one of the 20 questions developed 
required revision because this item had a poor discrimination index and an easy level of 
difficulty. 

Several research results have shown a relationship between the incidence of 
discrimination and the difficulty level of the questions developed (Mehta & Mokhasi, 2014; 
Kheyami, et, al., 2017; Velou & Ahila, 2020; Toksoz & Ertunc, 2017; Pande, et, al. , 2013; Sim & 
Rasiah, 2006; Dhakne-Palwe, et.al., 2015). Both the discrimination index and the problem 
difficulty index are tools used to get an idea of whether the developed questions have been 
constructed properly or not (Quaigrain & Arhin, 2017). The discrimination index and the 
difficulty index of this item also affect the validity of the CCDA items developed (Mahjabeen, 
et.al., 2018; Kheyami, et, al., 2017; Dhakne-Palwe, et.al., 2015). 

The calculation of the discrimination index is carried out to get an idea of whether the 
items developed have been able to distinguish between the upper and lower groups seen from 
the results of each question. The results of this study indicate that as many as 90% (18 
questions) are in the good and very good categories which indicate that these questions can be 
used for CDA testing in the future, as recommended by Licona-Chavez, et.al. (2020). Meanwhile, 
5% of the questions were included in the marginal category and 5% were included in the poor 
category, which still needed to be modified to the developed items. When viewed from the 
average discrimination index of all developed questions it has reached a value of 0.44 which 
indicates that these items have a very good ability to distinguish between the upper and lower 
groups.  

Some questions that still need to be revised due to a very low discrimination index can 
be done by changing the choice of answers that are not chosen at all by students or have an 
efficiency level of less than 5% and changing questions that have a low level of difficulty into 
more difficult questions (Kehoe, 1995). Making alternative answers to trick the correct answer 
in multiple-choice questions is not an easy thing to do. The more answer choices that must be 
made to deceive the correct answer, the more difficult it is and the less likely it is to be chosen 
(Kheyami, et, al., 2017). Referring to the results of the validity and reliability of the test, 
questions that are included in the poor category must be modified only. The dominant item 
discrimination index is classified as marginal, indicating that the questions have not been able 
to distinguish students from the high group and students who are in the low group (Kheyami, 
et, al., 2017; Toksoz & Ertunc, 2017). The low ability of the questions to distinguish between 
the number of questions developed can be due to the subjectivity factor of the students who 
are the research sample and can be caused by the questions developed which are classified as 
difficult and easy questions so that students with high abilities find it difficult to answer the 
questions given or Even students who have the low ability can still answer the question or even 
because of the subjectivity of the examiner for some evaluation cases with description 
assessment techniques (Taib & Yusoff, 2014). 

The results of this study also indicate that the developed CCDA instrument has a balance 
between the difficult (50%) and the difficult (45%) questions. The problem with the lowest 
difficulty index is shown in question number 19 and the question with the highest difficulty 
index is found in question number 1. The interesting thing about this finding is that the two 
questions have the same topic of study, namely cell structure, and function. This research 
indicates that science teacher candidates have a good understanding of cell size in general, but 
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science teacher candidates still do not have sufficient knowledge of the detailed organelles in 
cells even though this material has been studied at previous levels of education. This finding is 
certainly a very valuable finding for the effectiveness of the learning process that will take place. 
It can be noted that the learning that will take place places more emphasis on the detailed 
structure than the general structure of the cell. 
 
Table 6.  
Example of question 

Question Number 1  Question Number 19 
The correct statement regarding cell size is ...  The main functions of the mitochondrial are 
a.* Cells are microscopic in size so they must be 

viewed under a microscope (82,82%) 
 a. Perform intracellular digestion (6,13%) 

b. The cell is the smallest structural unit and 
can be seen with the naked eye (3,68%) 

 b. Produces enzymes to form ATP 
(51,53%) 

c. The small, visible cells that make up all 
organism  (12,88%) 

 c.* Compartments convert glucose into a 
simple structure (14,72%) 

d. Cells are medium in size so that they can 
accommodate a wide variety of organelles 
(0%) 

 d. Produce various kinds of molecules 
needed in metabolic processes (24,54%) 

e. Cells are large and continue to grow in the 
organism (0,61%) 

 e. Play a role in inheritance (3,07%) 

 
Of course, the evaluation that is carried out when developing the questions cannot be 

done once, but it takes several evaluations to produce a good instrument that can be used in 
the long term. The choice of answer choices as a distraction from the correct answer is one of 
the difficult tasks so that the quality of the instrument can be ascertained both from the 
discrimination index and the difficulty index of the questions (Quaigrain & Arhin, 2017). The 
problem difficulty index is determined by the student's achievement in solving the questions 
being tested. Of course, easy questions do not require a lot of effort to solve these problems, on 
the contrary, difficult questions require more effort to solve these problems (Rahmah, et.al., 
2020). The complexity of the relationship between various important aspects that must be 
reviewed when question development is carried out shows that item analysis is important to 
do to improve the quality of evaluations carried out, both in the form of diagnostic tests and 
formative tests to see learning outcomes.  
 
CONCLUSION 

The results of this study indicate that the instrument for the CCDA questions developed 
is valid and reliable for diagnosing students' prior knowledge before the learning process takes 
place. Some analyzes that are also important in the process of developing a question instrument 
include the calculation of the discrimination index and the difficulty index. Broadly speaking, 
the CCDA instrument developed has a good discrimination index which indicates that this 
question has been able to distinguish students from upper and lower groups. In addition, this 
CCDA instrument also has a problem difficulty index which is dominated by difficult and 
medium questions. This instrument can be used for future student diagnostic testing although 
some revisions must be made to improve the quality of the CCDA instrument.  
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