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Abstract. The misconceptions and error patterns of students are crucial to
assess in order to support effective physics learning. However, exploring students’
misconceptions and error patterns is not easy. A web-based diagnostic test is an
alternative approach to help the teacher in obtaining such information and giving
quick feedback to students. In this article, we report the development of a new
model of the web-based diagnostic test. The model uses isomorphic multiple-choice
items, in which each learning indicator consists of three multiple-choice items with
distracters that are based on students’ misconceptions or error patterns. The model
provides feedback to students and teachers based on the consistency of the students’
answers. According to experts’ reviews, the model is valid and worth using. The
preliminary field test of the model of the web-based diagnostic test has been
used with some physics students. The web-based diagnostic test could be a new
alternative for physics teachers and researchers to identify students’ misconceptions
and error patterns.

Keywords: isomorphic item; misconception and error pattern; web-based
diagnostic system

Introduction

Physics teaching needs to pay attention to students’ prior conceptions to im-
prove its effectiveness (Martin-Blas et al., 2010; Tiirkmen & Usta, 2007). Some
students’ prior conceptions are different from experts’ understanding, and are
known as misconceptions (Demirci, 2005; Ince & Yilmaz 2012; Treagust, 2006).
Students’ misconceptions should be diagnosed, discussed, and cognitively con-
flicted with other physical phenomena in order to facilitate the students to achieve
a better understanding (Chen et al., 2007; Chen et al., 2013; Ince & Yilmaz, 2012;
Muller & Sharma, 2007). Once learning and instruction neglect students’ miscon-
ceptions, the students will have learning difficulties and it causes poor mastery of
concepts by students (Martin-Blas et al., 2010). Furthermore, it can also result in
students’ failure in solving physics problems (Pathare & Pradhan, 2004).
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Therefore, an effective approach to diagnose students’ misconceptions and
error patterns is strongly required (Kusairi, 2012). Accurate information about
students’ misconceptions and error patterns is important for teachers to imple-
ment the appropriate learning strategy (Chen et al., 2013). Feedback on stu-
dents’ misconceptions is also needed by students to improve their mastery of
concepts (Black et al., 2003; Irons, 2008; Tridane et al., 2015). The interview,
essay test, and concept maps are known as precise approaches to reveal stu-
dents’ misconceptions. However, the implementation and scoring are time-con-
suming (Gurel et al., 2015), especially as the average number of students in
Indonesia is relatively large. Therefore, a diagnostic test system that reveals
students’ misconceptions and gives specific and timely feedback for teachers
and students is essential.

Various studies have been widely conducted in identifying students’ mis-
conceptions with the aid of diagnostic tests using a computer (Ahmad et al.,
2010; Kim et al., 2007; Lai, 2007; Russell et al., 2009; Susono & Shimo-
mura, 2006; Thissen-Roe et al., 2004). The computer-based diagnostic test
can provide quick feedback to the teachers and students. Some researchers
have reported that they used multiple-choice problems with rational distract-
ers (King et al., 2004; Lin et al., 2010). The use of multiple-choice problems
has a disadvantage in estimating students’ misconceptions (Anderson et al.,
2002). To overcome that problem, two-tier and three-tier based problems were
introduced (Chandrasegaran et al., 2007; Kirbulut & Geban, 2014; Kaltakci
& Eryilmaz, 2008; Chen et al., 2002). However, the two-tier and three-tier
based problems also have some disadvantages regarding many possible alter-
natives of answers which leads to usage difficulty of these diagnostic tests.
The three-tier problems also serve a speculative answer (Gurel et al., 2015).
Unspecific feedback creates another difficulty for further learning (Kusairi,
2012). Other researchers have done some studies on developing diagnostic
tests (Chang et al., 2007). However, the diagnostic tests did not use web-
based technology so that they could not provide timely and effective feedback
to teachers and students.

Related to the circumstances above, the Department of Physics from Univer-
sitas Negeri Malang (UM) has developed a web-based diagnostic test with re-
al-time feedback for teachers and students. The web-based diagnostic test system
adopted isomorphic multiple-choice problems (Singh, 2008) with distracters that
represent students’ error patterns (Aderonmu & Nte, 2014; Ahmad et al., 2010;
Larson & Kelleher, 2009) and students’ misconceptions (Lin et al., 2010). The
diagnostic test was designed to facilitate physics teachers to assess students’ error
patterns and misconceptions. In the beginning, the diagnostic system was used in
the Department of Physics UM (Kusairi, 2012), but could also be applied to any
major.
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Experimental method

The aim of this study is to develop a model of a web-based diagnostic test. It
involed three experts and 13 lecturrers. The experts are those who have a doctor-
ate degree and are experienced in developing learning and assessment in higher
education. These experts assess the feasibility of the model and provide input to
the development of the model. Lecturers are teachers that administer the basic
physics course. They were tasked to pilot the feasibility of the model, and de-
velop diagnostic problems. The lecturers used the diagnostic test for some cours-
es in Universitas Negeri Malang and Universitas Kanjuruhan. They also gave
feedback related to the technique of the developed model. There were 202 first
year undergraduates who were involved in the implementation of the web-based
diagnostic test. In this present study, we presented architectural models that have
been developed and initial test results of the students.

Design of web-based diagnostic test

A web-based diagnostic test is a web-based tool that allows the designing and
editing of diagnostic items, thus creating and delivering a diagnostic test. It also
can deliver feedback to the students and report individual students’ and students’
group misconceptions and errors patterns. The system is an improvement of com-
puter-based analysis tools that have been developed by the researcher starting in
2011. Initially, it was developed specifically for basic physics lectures at univer-
sities. It can also be applied to physics learning among high school students.

The web-based diagnostic test has some excellent characteristics as follows:
(1) It can serve formative purposes, which are meant to help student learning; (2)
It can give graphical feedback to physics teachers concerning the students’ mis-
conceptions and errors patterns; (3) The feedback is also provided for students
to help them overcome their misconceptions and error patterns; (4) A student can
access the diagnostic test on-line; (4) It has a database system to save the history
of student misconceptions and error patterns that can be referred to in the learning
process; and (5) It is also applicable to another subject.

The structure of the web-based diagnostic tests system is can be seen in Fig. 1.
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Figure 1. The structure of web-based diagnostic tests

Fig. 1 shows that there are two interfaces that can be accessed, namely the in-
terface for teachers and students. On the part of teachers, it is useful to design,
manage, and run the test. On the part of the student, it is useful to access diagnostic
tests that have been provided. Immediately after the test is completed, students will
receive feedback on misconceptions or error patterns experienced by them. Infor-
mation on the test results of students, both individually and in a group, are also im-
mediately obtainable by the teacher. Processing data and settings are automatically
performed by the main program.

All users must have an account to be able to take advantage of the web-based
diagnostic tests. Teachers and students can access the web-based diagnostic test
after getting a username and password from the administrator. Subjects taught by
teachers are also determined by the administrator. The teacher can fill topics in a
diagnostic test, write test descriptions, and provide the date and duration of the test
as illustrated in Fig. 2.

Once the topics management form has been filled, the next step that lecturers
need to fill is the form of learning indicators and categories of every distracter as
illustrated Fig. 3. Learning indicators and this description is required to provide
information or feedback to students.

529



Sentot Kusairi, Arif Hidayat, Nurul Hidayat

Figure 2. Topic Management of diagnostic test form

Figure 3. Learning indicators and description for every category form

The last step that the teacher needs to do is to fill out test items as shown in Fig.
4. The writing of test items is the same as usual test items, but each option needs to
be determined by the category.

Based on the answers given, the student can view and print the feedback given
by the computer quickly. A report of the results of the test consists of individu-
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al student profiles and class (group) profiles. The class profile includes reporting
diagnostic results for all students. The test report contains students’ profiles. The
class profile and a summary of the test results of the students in the class can be
accessed by the teacher by using the name of the class. Examples of group profiles
for the learning indicator “Applying Newton’s 1% Law” can be seen in Fig. 5. From
these graphs, it is clearly seen that there are different characteristics of every class
even for the same indicator. Category 3 diagnostic tends to be dominating for the
class report. This result, at least, provides important information for the teachers to
evaluate the learning and instruction processes.

Figure 4. Writing diagnostic test items

(a) (b)

Figure 5. Example of the group report. (a) Prospective science teacher group, (b)
Prospective physics teacher group
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Question items

The web-based diagnostic test model requires well-prepared question items with
isomorphic characteristics and rational distracters. There are three multiple-choice
problems for every indicator that contain distracters for evaluating students’ misun-
derstandings, misconceptions, or error patterns. The following steps were followed
in developing the items: developing an indicator, developing a description for the
correct answer and distracters, and developing isomorphic problems. A sample of
isomorphic problems is given as follows.

Table 1. Relationship between learning indicator and isomorphic item

Isomorphic Items

Learning Indicator

1st multiple-choice item

2rd multiple-choice item

3th multiple-choice item

Stem
A. Category 1
B. Category 2
C. Category 3
D. Category 4*

Stem
A. Category 4*
B. Category 2
C. Category 1
D. Category 3

Stem
A. Category 2
B. Category 4*
C. Category 3
D. Category 1

Fig. 6 shows an example of the development of learning indicators and one of
the items of diagnostic test that has been developed.

Indicator: Applying Newton’s 15t law for a body at rest

Descriptions for every category are depicted here.

Category 4:
Category 3:

Category 2:

Category 1:

stronger external force than frictional force.

weaker external force than object’s weight.

of the “puller” than the weight of the object.

Multiple choices item no 1.
A boy has a mass of 30 kg pushes a desk with a mass of 60 kg on a non-frictionless floor. Even though
he has given a push, the desk remains at rest. It is because ...

a.

b.
C.
d

the student’s push is smaller than the frictional force (Category 3)

Competent, you can apply Newton's 15t law for a body at rest correctly.
Mot competent, you have the misconception that a body at rest is due to the presence of

Mot competent, you have the misconception that a body at rest is due to the presence of

Mot competent, you have the misconception that a body at rest is due to the heavier weight

the student's push is smaller than the weight of the desk (Category 2)
the weight of the student is smaller than the weight of the desk (Category 1)

the student's push is equal to the frictional force (Category 4)

Figure 6. Description for every category and item
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Student Answers
Item s Test of indicator

Com puter com pares student answer
and item distracter category (level)

Yes

Whether student
chosesLevel 4
m ore than twice

Categorized asLevel 4

Yes

‘Whether student
chosesLevel 3
m ore than twice

Categorized asLevel 3

Yes

‘Whether student
chosesLevel2
m ore thantwice

Categorized asLevel 2

Whether student
chosesLevel 1
m ore thantwice

Categorized asLevel 1

Categornized as Non
Consistent (NC)

Figure 7. Flow chart of analysis system of the web-based diagnostic test
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In addition, Fig. 7 shows how the web-based diagnostic test reveals students’ mis-
conceptions or error patterns based on their answers to the isomorphic multiple-choice
items. In the implementation, the computer will show the questions in a random way
to ensure that the students do not realize that they faced problems with the same
indicator. For every three isomorphic questions, if the students are able to answer
two or more questions correctly, then it is decided that they understand the concept
well. Also, if the students choose category 1 answers twice or more, the students are
classified to have a misconception at category 1, etc. If the students choose a different
category of answers, they will be classified as “inconsistent”, suggesting that they do
not have proper understanding and tend to answer the problems randomly.

Preliminary field test

A preliminary field test was conducted with 202 students. It aimed to test the fea-
sibility of web-based diagnostic tests. Students were from public (165 students) and
private universities (37 students). One college involved a prospective student science
teacher, while another was a prospective physics teacher candidate. All students in-
volved took a course in basic physics. Diagnostic tests were administered to students
consisting of three indicators that were translated into nine multiple-choice items.
Table 2 shows the example of a classical report on the learning indicator, First New-
ton’s Law. The results show that there is a difference between the students. Students
of private universities, for example, had a level not higher than the others.

Table 2. Distribution of student answers for each group

. . NC | Category 1 | Category 2 | Category 3 | Category 4
University | Study Program| Class (%) (%) (%) (%) (%)
) AC 16.6 4.2 12.5 12.5 54.2
Physics B | 133 | 10.3 0 275 48.3
Education
Public C 7.7 38.5 15.4 7.7 30.7
‘ : M 16.6 8.3 8.3 16.6 50
Universit i
Y Physics N | 235| 176 58 29.4 235
Science A | 186 | 228 20 12.8 25.7
Education
Private Physics A | 207 | 135 16.2 18.9 216
University Education

Category 1: Student has misconception that a body at rest is due to heavier
weight of the “puller” than the weight of the object

Category 2: Student has the misconception that a body at rest is due to the pres-
ence of weaker external force than object’s weight.

Category 3: Student has the misconception that a body at rest is due to the pres-
ence of stronger external force than frictional force.

Category 4: Student able to apply Newton’s 1% law for a body at rest correctly.
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To ensure the feasibility of web-based diagnostic tests that have been devel-
oped, expert validation process of the models was carried out. Validation of the
model involved three experts comprising lecturers who had a doctorate in physics.
In general, the expert stated that the web-based diagnostic test was suitable for use
in physics teaching, but the diagnostic quality is determined by the quality of items
used in the test. In addition, web-based diagnostic tests were also introduced to 18
physics professors. They were also asked to complete a questionnaire relating to
web-based diagnostic tests. Some of the results of the questionnaire are presented
in Table 3.

Table 3. Responses of teachers to the questionnaire (in %)

No Statement Strongly | Agree Quite Strongly
Agree Agree Disagree

1 Information about student 100 0 0 0

misconceptions and difficulties are
needed
2 The process to know 55.6 44 .4 0 0
misconceptions is not easy
3 Teachers need help to get 61.1 38.9 0 0

information about student
misconceptions

4 Web-based diagnostic tests help 55.6 38.9 5.6 0
teachers diagnose misconceptions

5 Isomorphic multiple-choice items 16.7 50 33.3 0
are easily developed

These results indicate the need for teachers to have access to the diagnostic
test tools that can provide information about misconceptions and the difficulties
experienced by the students, and the need to provide feedback to students; both
cannot be done easily. This indicates a need for devices that can assist teachers in
implementing learning assessment. Lecturers’ opinions on the benefits of diagnos-
tic test models in helping the learning process were also positive. A large proportion
of lecturers argued that the model of diagnostic tests helps lectures that are listed
in the table. One of the problems is the difficulty of development multiple-choice
isomorphic items. Instruction books are not enough to give an explanation to the
lecturer about isomorphic item development. Training is necessary for teachers to
develop diagnostic test items.

Discussion
The web-based diagnostic test is an innovation for using computer and web tech-
nology for diagnosing students’ misconceptions and error patterns. The web-based
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diagnostic test can be used by teachers to give students feedback and assess stu-
dents’ misconceptions and error patterns. The diagnostic test uses multiple-choice
isomorphic items with distracters that can examine students’ misconceptions and
error patterns. It is similar with other researchers that have used multiple-choice
items to diagnose students’ misconceptions (Huang et al., 2011; Dow, 2003; Mc-
Donald & Haffanin, 2003) and to analyze students’ error patterns (Ahmad et al.,
2010; .Ketterlin-Geller & Yovanoff, 2009; Kim et al., 2007). They used multi-
ple-choice problems due to the several advantages in terms of efficiency in admin-
istering, high validity and rapid scoring and ability to cover many topics.

In this study, the diagnostic misconceptions and error patterns employed multi-
ple-choice items with isomorphic characteristics. The isomorphic items consisted
of three multiple-choice items with different contexts but having the same learning
indicators. The diagnostic method in this test is different from the results of other
research that used n-tier multiple-choice items such as two-tiers, three-tiers, and
four-tiers (Gurel et al., 2015; Lai & Chen, 2010). The use of isomorphic items
has many advantages compared to the three-tier and four-tier items because the
confidence level of the testee in answering items was taken into consideration. In
connection with the determination of whether the students had misconceptions or
lack of knowledge, the use of isomorphic items is much simpler. If the students’
responses to multiple choice isomorphic items are different, then the student is
classified as having a lack of knowledge.

On the other hand, the web-based diagnostic test also has some disadvantages.
Firstly, the distracters may not cover all of the students’ misconceptions or error
patterns. Secondly, the students’ response to isomorphic multiple-choice items is
context dependent (Kraus & Minstrell, 2002). Thirdly, there is a possibility for
students to cheat during solving the problems because a web-based test can be
accessed from out of the classroom. Fourthly, the developing of isomorphic multi-
ple-choice items is relatively difficult. Finally, the number of items becomes three
times as many as the common multiple-choice problems. Future studies are ex-
pected to review the validity of diagnostic tests and their effectiveness in teaching
physics.

Conclusion

The model of web-based diagnostic tests involving misconceptions and error
patterns using multiple-choice isomorphic items has been developed. This model
can be an alternative for teachers to identify student misconceptions and error pat-
terns. The web-based diagnostic test could be a new alternative for physics teachers
and researchers to identify students’ misconceptions and error patterns. As a rela-
tively new diagnostic model, the model needs to be improved and perfected.
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