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ABSTRACT 

Series Electrical Circuit material is one of the basic materials in physics. Despite its applications in everyday life literacy, 

many electrical concepts are abstract so they are difficult to learn. Many students have difficulty in understanding the 

concept. Therefore, a diagnostic test instrument is needed to diagnose the concept of Series Electrical Circuit of the 

students. Researcher has developed the Series Electrical Circuit Survey (SECCS) instrument test into a four-tier test of 

diagnostic items. The purpose of this research is structured as the first step of the development of the SECCS four-tier 

test format as a diagnostic test instrument. The research method used is a 4D model (Defining, Designing, Developing 

and Disseminating). The developed instrument has been tested on 32 students in Madrasah Tsanawiyah (secondary 

level). The results of the study show that the development of SECCS in the form of a four-tier test has good validity and 

reliability and may be able to identify the category of students’ level of conception, namely students who understand 

concepts, understand but partially, misconceptions and do not understand the concept of simple electrical circuits at all. 

Keywords: Series electrical circuit, Four-tier diagnostic test, conception, Literacy.

1. INTRODUCTION

The framework of a conception is a network of 

interrelationships between concepts and will provide a 

comprehensive understanding of a phenomenon. Key 

features of the framework of a conception [1], as follows: 

 a conceptual framework is not just a collection of

concepts but a construction of each concept that

plays a role as a whole;

 the framework of a conception provides an

approach related to social reality;

 conceptual framework provides an understanding of

something; and

 conceptual frameworks can be developed and

constructed through a qualitative analysis process.

Analysis of a conception usually aims to generate 

concepts and ideas. According to [2], conception is the 

ability to understand concepts, both concepts obtained 

through interaction with the environment and those 

obtained from formal education. 

If there is a misconception from students, they will 

transfer the misconception to the next level of learning 

and may lead to other misconceptions. The educational 

process at a high level will be affected so as to produce a 

person with a low level of professional life. 

Constructivism views it as important to overcome the 

misconceptions that students have and believe because 

their conceptions are different from scientific concepts; it 

is latent and continues to be used by students and tends 

to be difficult to change; and it is difficult to be detected 

by the teachers [3]. 

In the level of understanding, students learn 

something from reading activities, discussions, practical 

activities, and may answer questions about the previously 

stated concepts so that students may develop their ability 

to reasoning and finally reach an understanding of the 

concepts they have learned. There are five levels of 

understanding that students obtain from the learning 

process [4], namely: 

 Good concept understanding (S). At this level,

students have complete knowledge of a concept and

are able to appropriately apply the concept to new

situations they face.
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 The concept is partially understood (P). At this 

level, students understand the concept correctly but 

incompletely. 

 Students often understand the concept partially, 

giving rise to a partial misconception (Specific 

Misconception / SM). 

 Students do not understand the material being 

taught and specific misconceptions are developed 

when the new material is combined with the 

knowledge already possessed by previous students. 

To obtain meaningful learning, conceptual 

understanding needs to be supported by problem-solving, 

and conceptual understanding is more important than 

memorizing concepts [5]. According to cognitive theory, 

students construct a reasonable and coherent 

understanding of phenomena that exist in nature from 

their point of view. For better understanding and 

obtaining meaningful learning, misconceptions may 

affect students’ learning about scientific concepts so they 

should be rehabilitated. While the best learning is seen as 

a process of changing conceptions [6], So a change of a 

conception is considered as a modification or rejection of 

a person’s conception of beliefs when presented in an 

anomalous situation [5] [7]. To eliminate misconceptions 

and achieve meaningful learning and review the accuracy 

of knowledge, misinformation should be changed to give 

potential for new knowledge, this process is called 

changing conception [8]. 

A teacher may help change the conception of the 

students, one of which is through assessment with 

diagnostic tests. The assessment is an important aspect 

for the teacher to employ because it may serve as a source 

of meaningful information to determine the quality of 

teaching and assist the teachers in determining the 

appropriate strategies in their class. Records gained from 

the student’s learning progress can also be obtained from 

the results of the assessment; diagnostic tests are part of 

the assessment used to map student’s strengths and 

weaknesses and provide input to the teachers and 

students to make decisions related to improving the 

teaching and learning process [9]. Diagnostic tests in the 

form of multiple choice are often used because they can 

reach a large number of respondents [3].  

Among the advantages of multiple-choice diagnostic 

tests, there are several disadvantages [3], [10]–[13], 

namely: 

 It is possible to guess the answer. 

 The answer choices given do not likely provide 

broad insight into students’ ideas and understanding 

of their conceptions. 

 Students are forced to choose answers among the 

limited answer choices, preventing students from 

constructing, organizing, and presenting their own 

answers. 

 It cannot distinguish the right answer from the right 

reason and the right answer from the wrong reason. 

To avoid the possibility of correct answers from 

wrong reasons (false positives) and wrong answers even 

though students have the right reasons (false negatives), 

and to emphasize the importance of accuracy in the act of 

selecting multiple-choice tests, it was developed multiple 

choice diagnostic test with graded form. 

Various diagnostic test instruments on Physics 

concepts to determine students’ level of conception have 

been developed by many researchers [12], [14], [15]; 

[16]. In order to overcome the shortcomings of the 

multiple-choice diagnostic test or one tier test, a two-tier 

test and a three-tier test have been developed. In the end, 

to overcome the shortcomings of the three-tier test, the 

researcher has developed a four-tier test [12], [14], [17]. 

The four-tier test structure consists of tier-1 in the form 

of questions, tier-2 in the form of the level of confidence 

in the answers to tier-1, tier-3 in the form of reasons for 

the answers from tier-1 and tier-4 is the level of 

confidence in the reasons for answers in tier-3 [18], [19].  

The four-tier diagnostic test format is used to 

diagnose students’ level of conception on a Physics 

concept. There are several diagnostic test instruments 

used to identify students’ level of conception on concepts 

in Physics including the concepts of Temperature and 

Heat [18], [20]-[22], Dynamic fluid [23], [24], Energy 

and Momentum [19], Optical Instruments [25], Vibration 

[26], hydrostatic [27], and Ocean Pollutant Migration  

[28]. 

There are four-tier diagnostic tests on some Physics 

concept materials that have been made by researchers, 

but no one has made them on Series Electrical Circuit 

material. Even though the material is a basic material in 

Physics, its application covers many aspects of everyday 

life. In addition, the concepts of Physics in the field of 

electricity, including Series Electric Circuits, are 

invisible, making it difficult to learn. Not a few students, 

student teacher candidates and Physics teachers have 

difficulty in understanding the electrical concepts, 

especially in electrical circuits. The difficulty 

experienced by students, prospective teacher students 

and Physics teachers to understand a concept may lead to 

misconceptions [29], [30]. Students who experience 

misconceptions in physics learning are in fact an 

important spotlight because of the dangers of resistant 

misconceptions and will lead to new misconceptions at a 

higher level of learning. Thus, students who experience 

misconceptions need to experience a change of 

conception appropriately in order to gain new scientific 

knowledge about physics concepts. Therefore, a 

diagnostic test is needed that is able to describe the 

conceptual profile of the Serial Electrical Circuit material 

experienced by students in the form of four-tier test as a 

development and refinement of the diagnostic test of one-

tier test, two-tier test and three-tier test. 
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2. METHODS 

This is a development research on the four-tier 

diagnostic test instrument which is used to identify the 

student’s conception of profile literacy on the Series 

Electrical Circuit material. The development model used 

is 4D  [31], which consists of four stages, namely 

defining, designing, developing, and disseminating. The 

data analysis was carried out through validity, reliability, 

and identification of the student’s conception profile on 

the Series Electrical Circuit material. 

Before the instrument was tested, it was initially 

analyzed using CVR (Content Validity Ratio) [32]. The 

scoring of the answer items uses the CVR method which 

is a content validity approach to determine the suitability 

of the items with the domain measured based on the 

experts’ judgment. The validity of the instrument in the 

form of content validity was carried out by asking the 

experts for consideration and the trial was conducted at 

one of the madrasah in Jakarta, namely students who had 

studied Electrical Circuit material in the same class but 

different from the class for which the conception profile 

will be taken.  

The technique used to determine the reliability of the 

test in this study was to use the single test double trial 

technique, which is to test the same instrument twice. 

Then the results of the first and second tests are correlated 

to determine the reliability index. To determine the 

correlation coefficient used the product moment 

correlation formula proposed by Pearson. After obtaining 

a valid instrument in the form of a Series Electric Circuit 

conception test instrument consisting of six questions, the 

questions were tested on ninth grade students in one of 

the junior secondary madrasahs in Jakarta, a total of 32 

participants who had studied the material in Series 

Electric Circuits and experienced misconceptions to take 

a conceptual profile. 

Meanwhile, the analysis of the conception profile was 

carried out by interpreting it based on the combination of 

student’s answers on the four-tier diagnostic test. The 

student’s conception profile was divided into five 

categories which were adapted from Samsudin, et al [22], 

namely Sound Understanding (SU) is the state of students 

who have a correct and complete understanding of the 

concept, Partial Understanding (PU) is the state of 

students who only have a partial understanding of the 

concept and cannot explain a phenomenon entirety, No 

Understanding (NU) is the state of students who do not 

understand the concept, Misconception (MC) is the state 

of students who have conceptions that are not in line with 

existing scientific concepts and Un-coded (UC) namely 

students whose condition cannot be understood. The 

combination of answers to the four-tier diagnostic test is 

presented in Table 1. 

 

Table 1. Combination of four-tier diagnostic answers test 

Tier-1 Tier-2 Tier-3 Tier-4 
Conceptual 

Profile 

1 S 1 S 

SU 

1 S 1 NS 

1 NS 1 S 

1 NS 1 NS 

1 S 0 S 

1 S 0 NS 

1 NS 0 S 

PU 

1 NS 0 NS 

0 S 1 S 

0 S 1 NS 

0 NS 1 S 

0 NS 1 NS 

0 S 0 NS 

NU 0 NS 0 S 

0 NS 0 NS 

0 S 0 S MC 

If one, two, three, 

or everything is not filled 
UC 

 

Description: SU = Sound Understanding; PU = Partial 

understanding; MC = Misconceptions; NU = No 

understanding; UC = Un-coded; 1 = correct answer; 0 = 

wrong answer; S = Sure; NS = Not sure 

3. RESULTS AND DISCUSSION 

3.1. Defining  

The development of the SECCS instrument in the 

four-tier test format began with defining which test 

instrument that can be used to diagnose the level of 

students’ conception of the Series Electric Circuit 

Concept (SECCS). SECCS is an extension of the two-tier 

diagnostic test. The development is found in the addition 

of the level of student confidence in choosing answers 

and reasons, namely: 

 The first level (one-tier) or also called the answer 

tier (answer tier) is the level that presents the answer 

choices for the questions/problems posed. 

 The second level (two-tier) is a level that presents 

various confidence scales to measure to what extent 

the students are confident in determining and 

choosing the answers at the first level. 
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 The third level (three-tier) or also called the level of 

reason (reason-tier) is a level that presents the 

reasons that students should choose regarding 

determining answers at the first level. 

 The fourth level (four-tier) is a level that presents 

various confidence scales to measure to what extent 

the students are sure in determining and choosing 

answers at level three. 

3.2. Designing  

After the definition, the SECCS diagnostic test 

instrument was designed in the four-tier test format. The 

design of the SECC instrument which was originally only 

in the form of a two-tier test as shown in Fig 2a became 

a four-tier test format as shown in Fig 2b. 

 

Figure 1 Two Tier Test. 

 

Figure 2 Four Tier Test. 

3.3. Developing 

The validity test was carried out by experts, 

consisting of five lecturers of Physics by assessing 

material aspects, construction aspects, language aspects, 

and the suitability between tier-1 and tier-3 on the 

instrument. The validity test obtained from the experts is 

in the category of percentage validation score of 66.7% 

(enough) which means the instrument can be used as a 

diagnostic test. 

In addition to the validity test, the reliability 

instrument test was also carried out, from the results of 

the analysis of the student’s test and re-test answers, the 

reliability score of the instrument for changing the 

conception of Series Electric Circuit was 0.6 which was 

in the strong (good) category. It can be stated that the 

instrument is reliable and can provide data in accordance 

with reality. 

The following is part of the instrument used in the 

study consisting of six questions shown in Fig 3. 

 

Figure 3 Sample of SECCS four-tier diagnostic test 

3.4. Disseminating  

The instrument was disseminated in the evaluation of 

the online learning process for Series Electrical Circuits. 

There were 32 students in one class whose level of 

conception would be identified. The dissemination stage 

took one session consisting of 60 minutes. The results of 

the research data were categorized into five categories, 

namely Sound Understanding (SU), Partial 

Understanding (PU), No Understanding (NU), 

Misconception (MC) and Un-coded (UC), which is 
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presented in Fig 4. It can be concluded that the level of 

students’ conception of the concept of Series Electrical 

Circuits are quite good. It shows the second lowest 

percentage of misconceptions from all levels of student 

conception of 1.4%. On the other hand, the condition of 

SU is at the highest level, namely 57%, meanwhile PU is 

16.9%, NU is 25% and UC is 0%. 

 

Figure 4 The category of students’ level conceptions. 

4. CONCLUSION 

The results corroborate the four-tier diagnostic test 

instrument is categorized valid and reliable. The 

instruments being developed may also identify students’ 

conception profiles on the Series Electrical Circuit 

material with students’ conception profiles divided 

become Sound Understanding (SU), Partial 

Understanding (PU), No Understanding (NU), 

Misconception (MC), and Un-coded (UC). It is expected 

that teachers be able to improve and provide appropriate 

Physics teaching methods in class so that the learning 

process is more meaningful.  
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