
[image: image1.jpg]&y

JOURNAL OF
TEACHING AND EDUCATION




[image: image2.png]%)

”@WWFD@ J@wﬁﬁ“@



[image: image3.png]


[image: image4.png]70.0

60.0

50.0

40.0
30.0
20.0
10.0

0.0

PK

48.5

315

28.2

46.0

49.3

26.1

54.5

28.0

KL

7.9

3.7

6.0

6.6

8.9

6.3

12.7

3.7

MSK

38.6

55.3

58.9

41.8

33.1

63.3

30.2

64.0

MNB!

0.9

13

2.5

0.3

1.0

0.4

1.1

2.6

i3

4.1

8.2

4.4

53

7.7

3.9

1.1

1.6

| PK
WKL
W MsK
H MNB
mTP





Url:Journal of Teaching and Education (usnsj.id)
Email: info@usnsj.com


Construction of Diagnostic Tests to Diagnose the Misconceptions of Junior High School Students on Dynamic Electrical Materials
Ika Novrina, S.Pd

Email:  ikanovrina71@guru.smp.belajar.id
	Abstract

The research objectives are to 1) develop a valid and reliable diagnostic test, and 2) find out the misconceptions experienced by high school students on Dynamic Electricity by using a diagnostic test with a three-level format that has been developed. This research is a development research using the Research & Development (R&D) procedure of the Borg & Gall model which was modified following Treagust's research flow. The stages are, 1) the stage of determining content, 2) the stage of gathering information and 3) the stage of development and validation. The research instrument was a validation sheet, and a diagnostic test sheet with three levels of multiple choice to diagnose misconceptions. Standardization of test instruments with item validation tests using biserial point coefficients, reliability tests with KR-20 and other general tests such as tests of difficulty level and differentiating power. This research was conducted in two places and two different samples. Phase 1 and phase 2 of initial product design were carried out at MA Baitul Arqom Polinggona for classes Xa, Xb and Xc as many as 59 students, and only 38 were involved in product design trials. Meanwhile, stage 3 of development and validation was carried out at SMA Neg. 5 Kendari in class XII IPA1, XII IPA2, XII IPA3, XII IPA4, and XII IPA5 as many as 189 students were tested on a large scale and analyzed their misconceptions on dynamic electricity. The research took place from April to November 2017. The results of the research that have been developed are in the form of a diagnostic test with the characteristics of the questions having a three-level format, namely answers, reasons and confidence levels. This test consists of 21 items that have been declared valid based on the validity test, with a reliability value of 0.75 (good), an average difficulty index and very good discriminating power. The results identified with this diagnostic test are the percentage of students experiencing misconceptions of 49.4%, understanding the concept of 36.6%, understanding but the concept is still weak 6.9%, not understanding the concept of 5.6% and the remaining 1.1% is the percentage of students whose answers are correct but from 100% of the guesses.
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Introduction
In recent decades, several researchers in the field of physics education have deepened the study of students' understanding of physics concepts (Buzzo, R. and Montecinos, A.M., 2014). This is because one of the goals of learning physics is to explain phenomena and lead students to understand in depth the basic concepts in physics so that they are able to apply them to solve problems (Galili and Goinbarg, 2004 in Riantoni, 2016).

In physics, one concept is related to another. If there is an error in a concept, it can affect the understanding of other concepts. Students learn new concepts every day at school or through their experiences. Students acquire certain concepts quickly and easily, but other concepts they acquire slowly and continue to be modified over time. Meanwhile, they already have a little understanding of these concepts although not yet fully (Suwarto, 2013). 

Student conceptual errors consistently affect the the next learning process. If these students continuously have inappropriate concepts, it will cause learning problems for students in the future. One concept is usually called a misconception.

Treagust in the journal Gurel, D.K., (2015) explained that misconceptions are students' conceptions or explanations of phenomena that are sometimes not in accordance with scientific explanations of concepts. According to Subini (2012) in Khasanah, the causes of misconceptions or misconceptions in students can be caused by several things, such as errors from students themselves, errors from teachers when explaining lessons and teaching methods used, errors from textbooks used and contextual errors. . This is also a factor that causes students to have learning difficulties.

Suwarto (2013), explained in his journal that diagnostic tests are useful for finding out learning difficulties faced by students, including conceptual understanding errors. Diagnostic tests are carried out if information is obtained that most students fail to follow the learning process in certain subjects. Thus, diagnostic tests are very important in order to help students who have learning difficulties and can be overcome immediately if the teacher or supervisor is sensitive to these students. Diagnostic test results provide information about concepts that have not been understood and that have been understood.

Khasanah's research (2015), confirms that a diagnostic test in the three-tier test format can be given to students before learning. This is done with the aim of exploring the initial concept or to find out the initial conditions of mastery of students' concepts.

Literature Review

The Nature of English for Spesific Purposes
The concept is a comprehensive idea about the law (principle, principle) or theory that includes various things contained in the concept. A concept is built by the elements of the concept logically and systematically. A concept viewed from the epistomological aspect has four important concept elements, namely composition, phenomena, laws and rules (Lestari, 2015).

There are many definitions of the concept expressed by experts and it seems that there is no generally agreed definition. Conception is often analogous to ideas. Tennyson and Park (1989) in Andriani (2015), propose that teachers follow three rules when presenting concepts, namely: give examples from easy to difficult, the selected examples are different from one another and can compare and distinguish each example. Concepts are part of scientific explanation, concepts such as coding and searching are part of psychological explanation to find out how someone remembers. According to Piaget, the concept does not have a directive procedural purpose, only in the form of an understanding that involves various things and aspects contained in it, the concept should be formed by way of abstraction. The abstraction process requires time and a lot of experience with objects in a variety of different situations. According to Amin in Achmad Ansori (2015), a concept is an idea or idea that is based on certain relevant experiences and can be generalized.

From the theories above, the concept can be expressed as an idea, science and abstraction in the form of marking or symbolizing a certain characteristic and is represented in every culture that allows humans to communicate with each other and think.

One's interpretation of a concept certainly has a difference with the interpretation of others on that concept. For example, someone's interpretation of the concept of beautiful or beautiful will be different from someone else's interpretation of that concept. Berg (1991) reveals that "The individual interpretation of a scientific concept is called a conception". Although in physics most concepts have clear meanings, even those that have been agreed upon by the physics figures, the conceptions of students/students/teachers/lecturers are different.

Duit and Treagust define conception as an individual's idiosyncratic mental interpretation. Meanwhile, Suparno (2013) defines conception as the ability to understand concepts, both those obtained through interaction with the environment and concepts obtained from formal education. From the description above, it is understood that conception is an individual interpretation and interpretation of a scientific concept that is obtained through interaction with the environment and through formal education.

Each student already has their own conception of something, before they enter the study rooms. Including those related to physics subject matter. Before they take mechanics lessons, students have had a lot of experience with mechanical events such as falling objects, moving objects, forces, and so on. Because of that experience, they already have conceptions that are not necessarily the same as those of physicists. Such a conception is called a preconception (Berg, 1991).

"Misconceptions or misconceptions refer to a concept that is not in accordance with the scientific understanding or understanding accepted by experts in that field. Misconceptions can be in the form of initial concepts, errors, incorrect relationships between concepts, intuitive ideas or naive views” (Suparno, 2013). Novak (2005) in Lestari (2015) defines misconception as an interpretation of concepts in an unacceptable statement.

Meanwhile, Brown (1998) in Suparno (2013) explains misconception as a naive view and defines it as an idea that is not in accordance with the currently accepted scientific understanding. Meanwhile, Fowler (2010) in Suparno (2013) explains in more detail the meaning of misconception. He views misconceptions as inaccurate understanding of concepts, incorrect use of concepts, incorrect classification of examples, confusion of different concepts, and incorrect hierarchical relationships of concepts. From the several theories above, it is clearly illustrated that misconception is an interpretation, a naive view and an inaccurate definition of a concept that cannot be accepted because it is contrary to scientific understanding.

The Idea of Need Analysis
Hughes (2003) in Gurel, D.K. (2015) stated that diagnostic tests can be used to determine the strengths and weaknesses of students in learning. The purpose of using this test is to determine the teaching that needs to be done in the future. Diagnostic tests are tools or instruments used to identify learning difficulties.

According to Thorndike and Hagen (2005) in Khasanah (2015) diagnostics is essentially looking back at the difficulties that arise and develop. To find it cannot be done immediately, a complete and thorough capability analysis is needed. Usually using a diagnostic test whose questions are arranged from easy to difficult. According to Mehrens & Lehmann (1973) in Suwarto (2013) a good diagnostic test can provide an accurate picture of the misconceptions students have based on the error information they make.

According to Gorin (2007) in Pesman and Eryilmaz (2010), that a good diagnostic test is a test that can show whether a person has mastered the skill or not. Diagnostic tests are used to assess students' conceptual understanding of key concepts on certain topics, specifically for concepts that tend to be misunderstood. Based on this opinion, it can be defined the characteristics of diagnostic tests, which are limited and specific topics, and are aimed at uncovering misconceptions, providing tools to find the cause of their shortcomings.

According to the author, the definition of a diagnostic test is a test used to find out weaknesses (misconceptions) on certain topics and get input about student responses to improve their weaknesses.

Diagnostic tests not only inform teachers about the weaknesses of students but also indicate what domains are weak. Why the problem exists in the domain and the teacher should consider feasible solutions to the problem. Standardized diagnostic tests are instruments that are administered under the same conditions and scored objectively.

Important steps that need to be carried out as a general diagnostic testing procedure: (a) there must be a certain analysis for the rules, principles, knowledge or skills to be measured; (b) a well-planned and structured diagnostic test includes every rule and principle and is tested in the same way, (c) generally the items are arranged in groups, this is intended to facilitate analysis and diagnosis.

 Diagnostic Test with Three Level Multiple Choice Format
The forms of multiple choice questions are ordinary multiple choice or one level multiple choice / one tier test. However, ordinary multiple choice questions do not explore students' conceptions, cannot identify students with scientific knowledge, lack of knowledge, misconceptions, and false negatives and the possibility of students guessing answers is very large.

The two-tier diagnostic test is a two-level multiple choice test, which was first developed by Treagust (1988). Level one of each item consists of knowledge content questions with two to five answer choices. Level two of each item consists of statements/reasons for level one answers. If each level consists of five answers, then from the five answers there is one correct answer and four distractors. Distractors come from alternative explanations of students collected from open-response tests. Arnold in Gurel, D.K. (2015) recommends that information related to incorrect information and is considered correct by students should be included in the test as a distractor.

The Three Tier Test developed by Haki Pesman and Ali Eryilmaz (2010) can distinguish between misconceptions and lack of knowledge (lack of knowledge). Types of misconceptions are also divided into false positives and false negatives. According to Hestenes and Halloun false positive is the correct answer given by the student with the wrong scientific concept while false negative is the wrong answer given by the student with the correct concept.

All misconceptions can be said to be errors (errors) but an error is not necessarily a misconception, because some errors can occur due to not understanding the concept (lack of knowledge). Misconceptions occur when students answer incorrectly at the first level, correct at the second level and believe in the answers given. The level of confidence contained in the third level is what distinguishes between Two tier and multiple choice. Misconceptions occur when students answer confidently in the responses given at the third level.

Identification of students' conceptions based on the analysis of students' answers on diagnostic tests in the three-tier test format is presented in Table 2.4 below.

Table 1. Category of Level Analysis Based on Levels 1, 2, and 3 (Pesman and Eryilmaz, 2010).

	No.
	Tier 1
	Tier 2
	Tier 3
	Kategori

	1
	Benar
	Benar
	Yakin
	Paham/mengerti konsep (Scientific knowledge)

	2
	Benar
	Benar
	Tidak yakin
	Tidak paham konsep (Lack of knowledge) 

	3
	Benar
	Salah
	Yakin
	Miskonsepsi

	4
	Benar
	Salah
	Tidak yakin
	Tidak paham konsep (Lack of knowledge)

	5
	Salah
	Benar
	Yakin
	Miskonsepsi

	6
	Salah
	Benar
	Tidak yakin
	Tidak paham konsep (Lack of knowledge)

	7
	Salah
	Salah
	Yakin
	Miskonsepsi

	8
	Salah
	Salah
	Tidak yakin
	Tidak paham konsep (Lack of knowledge)


The Dynamic Electric Misconception

Based on research conducted by Ismiara Indah Ismail (2015), there are several misconceptions about Dynamic electricity, including the following:

Electric current is a positive charge that flows in the conductor from the positive pole of the battery to the negative pole of the battery

The potential difference between the two ends of the battery can change depending on the value of the current through it

Every circuit composed of wires, lamps, and batteries must be able to turn on the lights

Strength of electric current at a point in a series circuit its value depends on the distance to the poles of the battery.
Strong electric current that passes through the resistance in a series circuit, its value depends on the value of the resistance.
The type of obstacle used does not affect the measured amount.
Methodology

Research Design

The method used in this study is a research and development (R and D) method because the end of this research is the production of a product in the form of a diagnostic test instrument, namely a three-level multiple choice test on the subject matter of dynamic electricity which is designed to identify participants' misconceptions. high school students.

Sugiyono (2015), suggests that the procedure for implementing development research using the R&D method can be carried out in several steps, namely: 1) potential and problems, 2) collecting information, 3) product design, 4) product design validation, 5) product revision, 6) product trial (small/limited scale), 7) product revision, 8) usage trial, 9) final product revision, 10) dissemination and implementation.

The process of constructing a diagnostic test with a three-level multiple-choice format is a process in the research and development of the Borg & Gall model which consists of ten stages, but only 9 stages of this method were used and then modified as proposed by Treagust (1988). However, of the ten steps developed, only 9 steps were adapted in this study, then grouped into three modified stages, namely (1) preliminary study stage, (2) product development stage, (3) Analysis stage.

Participants/Respondents/Population and Sample
In this study the population and samples used came from two different schools. In the product design stage (test instrument design), the research sample consisted of 59 students who were studying dynamic electrical material, from three class X MA Baitul Arqom Polinggona Kolaka. The product design trial phase with the aim of standardizing the test instrument as a product involved 38 samples from two class X MA Baitul Arqom. The distribution of the research population at the product design stage can be seen in Table 2.

Table 2. Number of Students in Each Class X

	No.
	Class
	Students

	1.
	X.A
	20

	2.
	X.B
	18

	3.
	X.C
	12

	Total
	59


At the product trial stage, it involved all students of class XII at SMA Negeri 5 Kendari, totaling 189 people from 5 parallel classes with details as shown in Table 4.2.

Table 3 Number of Students in Each Class XII Science

	No.
	Class
	Students

	1.
	XII IPA1
	38

	2.
	XII IPA2
	38

	3.
	XII IPA3
	37

	4
	XII IPA4
	37

	5
	XII IPA5
	39

	Jumlah
	189


Technique of Data Collection

nmkm

Misconception data obtained from the literature and the results of the basic competency analysis of Dynamic Electricity

The description test grid is compiled based on the literature review and the results of previous research.

The description test is to determine the ability of students in Dynamic Electricity material and to find answer choices (distractors) that will be used in open-response multiple choice.

The open-ended multiple choice test is the second stage of the development of a three-tier multiple choice test. The distractors in the options contained in the questions are made from description test data and literature study. In this question, students are asked to give reasons for the options they have chosen. Incorrect answers are used as the basis for developing the second level (reason) on three-level test questions.

Diagnostic test grid.

The design of the diagnostic test is based on the results of the open-response multiple choice test.

Expert validation sheet for open response multiple choice test instruments.

Rubrics and assessment criteria by experts.

Diagnostic tests that are ready to be used to diagnose students' conceptual understanding.
Technique of Data Analysis

The analysis technique is divided into two, namely:

1) diagnostic test analysis,

The data obtained from the students' answers to the tests given were analyzed through several stages. In stage 1 assessment, assessing the answers of multiple choice students at level 1 (answer) and level 2 (reason). The assessment can be seen in Table 4.3 below.

	Tingkat pertama
	Tingkat kedua
	Skor 2

	Benar (1)
	Benar (1)
	1

	Benar (1)
	Salah (0)
	0

	Salah (0)
	Benar (1)
	0

	Salah (0)
	Salah (0)
	0


Table 4.3 Stage 1 Assessment.

The assessment method was adapted from the research of Pesman and Erylmaz (2010), Arslan et al. (2013), Buzzo and Montezinos (2014) and Kurniawan et al. (2014). The results of the stage 1 assessment are used to determine the validity, reliability, level of difficulty and discriminating power. The following data from the analysis of the test results of the diagnostic test instrument can be seen in Table 4.4.

2) analysis of students' conceptions based on the results of diagnostic tests,

At this stage, the second stage of assessment is used, where students are grouped into several categories based on the suitability of the answers at each level of the questions given. For more details, it can be seen in table 4.4 Criteria for grouping students' conceptions

Table. 4.4 Guidelines for Criteria for Grouping Students' Conceptions

	No.
	Tingkat I

(Jawaban)
	Tingkat II

(Alasan)
	Tingkat III

(Keyakinan) 
	Keputusan

	1.
	Benar 
	Benar 
	Yakin
	Paham Konsep

	2.
	Benar 
	Benar
	Ragu-ragu
	Konsep lemah

	3.
	Benar 
	Benar 
	Tidak yakin 
	Menebak 

	4.
	Benar 
	Salah 
	Yakin 
	Miskonsepsi

	5.
	Benar 
	Salah 
	Ragu-ragu
	Konsep lemah

	6.
	Benar 
	Salah 
	Tidak yakin
	Menebak

	7.
	Salah 
	Benar 
	Yakin 
	Mikonsepsi

	8.
	Salah 
	Benar 
	Ragu-ragu 
	Menebak

	9.
	Salah 
	Benar 
	Tidak yakin 
	Menebak

	10.
	Salah 
	Salah 
	Yakin 
	Miskonsepsi

	11.
	Salah 
	Salah 
	Ragu-ragu 
	Tidak paham konsep

	12.
	Salah 
	Salah 
	Tidak yakin
	Tidak paham konsep


(Buzzo and Montecinos, 2014)

After grouping students according to the table above, the third stage of assessment is carried out, calculating the percentage of students who understand the concept, guess, misconception and do not understand the concept with the following proportion formula:
Findings and Discussion
The number of questions on the three-level choice diagnostic test that has gone through the content validation process (experts) is 40 items and includes eight sub-concepts of discussion. This instrument was then tested on 38 students from class X MA Baitul Arqom. The test data are then used to standardize the items with several analyzes such as; construct validity test by calculating the biserial point coefficient, reliability test, difficulty level test and difference power test. The reliability of this diagnostic test instrument was calculated using Kuder-Richardson 20 (KR-20), and obtained a reliability value of 0.75. This means that this test is accepted to diagnose students' conceptions.

A three-level multiple choice diagnostic test was conducted on 189 students from 5 parallel classes at SMA Neg. 5 Kendari. The questions tested were 21 questions that had been declared valid and reliable from 40 questions prepared with 8 question indicators. The results showed that the conceptual mapping experienced by students in dynamic electricity material, namely that students who experienced misconceptions and understood concepts more than those who did not understand the concept, understood but the concept was weak and answered only guessing. The percentage of students experiencing misconceptions is 49.4%, understands the concept 36.6%, understands but the concept is still weak 6.9%, does not understand the concept 5.6% and the remaining 1.1% is the percentage of students whose answers are correct but from 100% of the guesswork.

The highest percentage of understanding concepts in item number 6 and number 5 are 66.1% and 65.6%, respectively, while the lowest percentage is in question number 14 of 14.8%. Items number 6 and number 5 represent the sub-concept of Kihrchoff's law. This means that 66.1% of students can determine a simple electrical circuit that can make the light turn on in question number 6. In question number 5, 65.6% of students can determine the current and the light in a series circuit.

The highest percentage of not understanding the concept in question number 14 is 12.7% and the lowest is in item number 2, 7, 10, 12 at 0.0%, 1.1%, 0.0, and 1.1%. By comparing the results of the analysis of the level of difficulty test, question number 14 has a difficulty index value of 0.37 in the medium category. Item number 14 is the lowest percentage of understanding the concept, and is the highest percentage of the category of not understanding the concept. So it can be concluded that question number 14 with the indicator that students can interpret the light/dim of a lamp based on the concept of electric current is still difficult for students to understand.

Students experience misconceptions with a percentage of 49.4%, the highest percentage value in item number 14 is 69.8%, number 4 (66.1 %), number 20 (64.6%), and number 17 (64.0 %). The lowest percentage of misconceptions at number 13 is 30.2%. Apart from the three conceptual categorizations above, students can also be categorized as weak concepts and do not understand the concept. Students are considered weak concepts if students are correct at levels 1 and 2 but are hesitant about their choice of answers as well when students are correct at one level but are unsure of their choice. The highest percentage for the category of weak concepts in question number 10 is 15.3% and the lowest percentage in question number 6 is 1.1%. The category of students guessing, with a value of 3.7% as the highest percentage of guessing is represented by questions number 7 and 17. The following is the data on the percentage of students' conceptions per discussion concept.  


Description: 1. strong electric current; 2. barriers in the conductor; 3. potential difference; 4. Ohm's Law; 5. Kirchhoff's law; 6. Electrical energy and power; 7. Short circuit; 8. Parallel series circuit.

By looking at the graphic image, it can be seen that students experience the highest misconception in subconcept 8, namely a parallel series circuit, this subconcept is represented by item number 21. Students with misconceptions on average answered in 21.1 that the electrical circuit is arranged in series (A), with the reason (2) at 21.2 that the obstacles are arranged in a straight line and there are branch points between the three obstacles and students choose to believe in 21.3. Another answer, some students choose C-2-sure. Choosing a high level of belief, but wrong at one level makes students categorized as misconceptions. Students are not yet able to distinguish the form of series and parallel circuits.

In addition, students also experience quite high misconceptions on the 6th subconcept of energy and electric power, the 3rd subconcept of potential difference or voltage, and the 2nd subconcept of resistance in the conductor. With a large average percentage of 63.3%, 58.9% and 55.3%, respectively. This means that 63.3% of the 189 existing samples experienced misconceptions on the sub-concept of energy and electrical power. Students assume that electric power is the ratio of potential difference and electric current. In addition, 58.9% of the 189 samples experienced misconceptions on the potential difference subconcept. As for the possible causes of conceptual errors because students assume that in a series or parallel circuit there is a potential difference distribution. According to Riantoni (2016) who found a similar misconception, explained that in solving the potential difference problem students should understand the characteristics of series and parallel circuits which are prerequisite knowledge in the concept of potential difference.

The next highest percentage, 55.3% of 189 students experienced misconceptions on the sub-concept of barriers to delivery. Students assume the lamp can reduce the value of the current flowing through the lamp, so that the current is greater at the point before passing the lamp and the electric current value decreases after passing the lamp. The lowest misconception occurs in the short-circuit sub-concept of 30.2%, and in this sub-concept the most understood by students with a percentage of 54.5%. The sub-concept that has the highest percentage of not understanding is the sub-concept of barriers to delivery, which is 8.2%. This sub-concept consists of two questions, number 3 and number 18 with the percentage of not understanding the concept of 5.3% and 11.1%.

By looking at the data from the analysis of students' conceptions of dynamic electricity using a three-level multiple choice test instrument, it can be said that there are still many students who have difficulty understanding the basic concepts of electricity. In this study, many students still have difficulty in distinguishing between the concepts of potential difference and current strength in influencing the brightness of the lamp.

Conclusion
A three-level multiple-choice diagnostic test instrument that has the characteristics of a three-level question format. The first level is knowledge content questions in the form of multiple choice three to four distractors. The second level is the choice of reasons for choosing the answer in the first level. The third level is the level of confidence in choosing answers and reasons, at this level there are three confidence scales, namely sure, doubtful and unsure. The quality of the diagnostic test instrument according to the expert validator is valid, with a CVI value equal to 1.0. After analyzing the product design trials, 21 of the 40 items were declared valid, and had a reliability coefficient of 0.75 in the very good category. The level of difficulty of the questions is on average with an average difference of 0.30 – 1.00 categories, good and very good. The conceptions of students identified with this instrument are 49.4% of students experiencing misconceptions, 36, 6% understand the concept, 6.9% understand but the concept is still weak, 5.6% do not understand the concept and the remaining 1.1% is the percentage of students whose answers are correct but out of 100% of the guesses.

In the process of making a diagnostic test, it is better to add an interview stage after analyzing the students' conceptions, which aims to obtain information on the causes of students' misconceptions and do not understand. The final product of this diagnostic test instrument can be used by teachers to remediate or identify students' conceptual understanding of dynamic electrical material. This diagnostic test instrument can be further developed in the form of a computer-based diagnostic evaluation, using an excel spreadsheet or macromedia flash. Presentation of questions in the form of motion images or animations can help students more easily interpret and understand the meaning of the questions.
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