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Formative feedback plays an important role in assisting students in their learning process. However,
administering information about student weaknesses and strengths is one of the challenges faced by
teachers when implementing formative assessment. This study aims to develop a web-based formative
feedback system that is able to provide specific feedback. This is a development research with steps
including needs analysis, model design, model development, and limited model trial. The research has
succeeded in developing a web-based formative feedback system through utilizing isomorphic multiple
choice items, namely Tryout and Webvoting applications. The results of the initial trial, involving 22 high
school physics teachers and 44 prospective physics teachers, showed that the model can be used by both
students and teachers. The use of Tryout application allows the teachers to administer individual and
groups of students’ feedbacks. Based on the feedbacks and information, teacher also can discuss student’s
learning difficulties using Webvoting application. More extensive trials are needed to find out the
effectiveness of this system.

Keywords — WEB-based formative feedback system, Formative assessment, Isomorphic multiple choice
item, Physics.

To cite this article:

Kusairi, S. (2020). A web-based formative feedback system development by utilizing isomorphic
multiple choice items to support physics teaching and learning. Journal of Technology and Science
Education, 10(1), 117-126. https://doi.org/10.3926/jotse.781

1. Introduction

Feedback takes place as a key element of learning assessment. It is consist of various information given to
students, thus they can improve their learning outcomes (Burns & Foo, 2013). The feedback received by
the students on time supports them to be more involved in learning, knowing the achievement of targets,
and managing their learning (Barana & Marchisio, 2016a; Asadi, Azizinezhad & Ehsani-Fard, 2017).
Effective feedback can provide opportunities for the students to close the gap between their abilities and
expected abilities and provide information to the teacher to sharpen the learning process (Nicol &
Mactarlane-Dick, 2006; Gedye, 2010). Formative feedback should also be personal, motivating learning,
and related to assessment criteria (Hatziapostolou & Paraskakis, 2010). Nevertheless, timely formative
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feedback is still a problem in learning, Some of the causes are limited time the teacher has, the large
number of students, and the variety of problems experienced by them (Kusairi, 2012).

The effort that researchers have made to overcome the problem of providing timely feedback is
developing computer-assisted assessments (Faber, Luyten & Visscher, 2017). The use of computers that
have ability to process and store data can increase flexibility in the timing of the implementation of the
assessment, reduce the time to correct the results of the assessment, and reduce the cost of conducting
the assessment (Baleni, 2015). Computer assisted assessment can also provide faster feedback (Denton,
Madden, Roberts & Rowe, 2008). Computer network based assessments besides being able to provide
feedback to students in real time can also provide feedback to the teacher quickly. Some studies also show
that computer-based assessment can encourage the students to learn more effectively (Barana &
Marchisio, 2016b). The use of clickers with the appropriate items helps them conduct self assessment and
reflect (Ludvigsen, Krumsvik & Furnes, 2015).

However, efforts to deliver specific feedback to the students are still a challenge for computer-assisted
assessment. The use of multiple choice items in computer-assisted assessments has so far only given
scores to them as soon as they have finished working on the test (Attali & van der Kleij, 2017). The use of
multiple choice items also has weaknesses that can be easily guessed by them. Feedback in the form of a
test result score has not provided the right information to them to fill the gap between their abilities and
expected abilities. The use of feedback in teacher’s interaction with them in the learning process also
needs attention (Havnes, Smith, Dysthe & Ludvigsen, 2012).

A new scoring report based on a formative assessment mechanism has been developed to provide
feedback not only on the students’ final scores but also on the sub-scale scores, percentile positions, and
appropriate feedback on self-regulation strategies. The result of the study shows that the new score report
is more efficient for students’ independent learning than conventional learning reports (Zou & Zhang,
2013). Computer-assisted formative assessment can be used to support learning that involves the task of
discrimination and developing appropriate cognitive strategies (Bhagat & Spector, 2017). The research
shows a particular pattern of student’s involvement with feedback that reflects productive study strategies
and significantly predicts higher performance (Chen, Breslow & DeBoer, 2018). The teacher’s information
is also needed by the teacher because this shows implications for the development of new score reports
(Hopster-den Otter, Wools, Eggen & Veldkamp, 2017). However, timely and specific computer-assisted
feedback to help students learn and help teachers make learning decisions has not been widely reported
(Floratos, Guasch & Espasa, 2015).

The use of isomorphic multiple choice items is an alternative solution. With isomorphic questions,
feedback to students will be more effective in helping them know their weaknesses and strengths and help
them learn better. The use of isomorphic items has been used in several studies (Attali & van der Kleij,
2017). Isomorphic items have also been reported to be effective in the development of interactive
multimedia (Kusairi, Alfad & Zulaikah, 2017). Other findings suggested that the use of Multiple-choice
items will equal easy questions if the scoring involves the correct number of scores (Kastner & Stangla,

2011).

This study aims to develop the model of Web-based formative feedback by utilizing isomorphic multiple
choice items. in physics learning and conducting pre-trials to understand the effectiveness of the model.
In the development process, several questions will be answered, including: a) How was design of the web-
based formative feedback that will be developed?, b. How was the web-based feedback formative feedback
model that developed? c. Can the web-based formative feedback model be used by teachers and students?

2. Method

This research is a type of development research with the aim of developing a model of WEB-based
formative feedback system by utilizing isomorphic multiple choice items. The step of development
research carried out in the Physics Department Faculty of Mathematics and Science, Universitas Negeri
Malang including needs analysis, model design, model development, and limited model trial. The stage of
needs analysis is carried out by conducting interview with several lectures especially in basic physics
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courses and also undergraduate students. Based on the data of the needs analysis stage, a formative
feedback model design was developed by utilizing multiple choice isomorphic items.

The design of the system produced is then realized in the form of a Web-based application. Before being
tested, the model was evaluated by senior lecturers who are an expert in the field of physics learning;
Limited trials were conducted on team of lecturer, 22 high school physics teacher, and 44 prospective
physics teachers. After getting training on using the Tryout application and the Webvoting application,
secondary physics teachers were asked to fill out questionnaires and open answers.

3. Result

A Web-based Formative Feedback using isomorphic items is an application that can help teachers to
identify mastery of student’s concepts and follow up in the class discussions. The system is consists of
Tryout applications and Webvoting applications. The system can be accessed by personal computer or
smartphone that connected to internet. Tryout application can be used to design and deliver tests and
provide feedback to students and teachers, while Webroting is an application to identify student’s responses
to the items with a smartphone help. Tryout application can be implemented as a set of face-to-face
processes and carried out outside of the learning hours. Meanwhile, Webvoting can be used to follow up the
student’s weaknesses with discussions at face-to-face class meetings. The mechanism for using the Tryout
and Webvoting application can be described as Figure 1.

Some of the characteristics of this system include the following, 1. The system implements isomorphic
items, namely each indicator of competency achievement consists of 3 multiple-choice items with 5
choices. 2. The system provides an opportunity for teachers or lecturers who already have an account to
fill in the indicator column and items according to the learning needs. 3. If the test has been released by
the teacher or lecturer, the students who already have an account can access the test wherever and
whenever as long as they have a connection with the internet. 4. If the time for solving the question has
run out or the student has sent an answer, they can know the results directly through the feedback
provided by the system. 5. The system can only be accessed by users who have been registered, so that
system security is guaranteed. The teacher or lecturer can also see the student’s performance in working
on items both individually and in groups.

The items used in this Web-based formative feedback system are isomorphic items, namely three items
with different faces but developed based on the same learning indicators. Ordinary multiple choice items
have 5 options. Figure 2 below is an example of item test interface.

Based on the responses from the students, the system will conduct an analysis based on the number of
student’s correct answers on certain indicators. The logic to produce formative feedback is as shown in
Figure 3.

A Web-Based Formative Feedback System

Individual

TRYOUT — — =%k ___  Students
Group l
feedback
Follow o WEBVOTING
Teacher

Classroom Discussion

Figure 1. The Web-based Formative Feedback System
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Teacher Profesionalism Education Tryouts

School Name/Institution
Subject Code

Subjects

6.

The magnitude of the force required to make the blocks in the figure below

: PPG Fisika UM

: PPG

-Teacher Profesionalism
Education

Tryout : pretest SSP 1
Number of Questions :15
Duration : 00:45:53

has an acceleration of 3.0 m/s’if the kinetic friction coefficient between
the blocks and the table is 0.2 is ...

20kg

10kg

Figure 2.Students Test Interface in the Tryout application

Student
Answers

The computer calculates

the correct answer for an indicator

All of student
answers
are correct

Understand

Two student
answers
are correct

Moderately
Understand

One student
answer
is correct

Not Understand

All of student
answers
are wrong

Not Understand

Figure 3. Flow Chart Mechanism of Producing Feedback
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Based on the responses from the students, the program will identify answers to users on items related to
certain indicators. Possibly what happened was students were declared “wnderstand”, “moderate understand”,
and “not understand’”. Students are said “understand” if they can answer correctly for all items of isomorphic

<

multiple choice items. Students are said to “moderate understand” if there is one wrong answer. Finally
students are said “nof understand”if only one item answered correctly or all items are answered incorrectly.
Because the questions are randomly assigned, it is hoped that this feedback model can anticipate the

students who are only guessing answers. If the students guess the answer, students probably will get oz
understand” feedback.

The Web-based formative feedback model has been conducted in a limited test on a 22 students of
teacher training, hundreds of physics students, and also physics teachers. In general, the students have no
difficulty in using this application after they have registered and have an account. They can even access the
questions presented in the application via a smartphone device. In the testing of 15 items from 5 different
indicators, the students were provided with 30 minutes, but most of them completed the questions and
sent the answers in less than 30 minutes. Immediately after sending the answers, they will receive
individual feedback as shown in Figure 4. This formative feedback can be a reflection material for them
about their learning outcomes. Most of them stated that the model was very useful for their physics
learning, because it can provide more specific information, not just score as usually given by conventional
multiple choice tests.

As soon as all students complete the test, the teacher also can find out the accumulated results through
reports. The example that can be accepted by the lecturer or teacher is as shown in Figure 5 (a) from the
group of student teacher and (b) from the group of teacher. The information received by the teacher is
the result of an analysis of the performance of all students. For each student who succeeds in doing all
the questions correctly on a particular indicator will be a contributor to the percentage of mastery. So it
can be seen in Figure 5 that for learning indicator 5, as many as 80% of them have mastered, while in
learning indicator 2, as many as 60 percent of them master. In other indicators, most of them have not
mastered. This shows that student’s mastery of the topic that being tested is still low. It also appears that
for different samples, the system can provide different information based on the students’ mastery of
concepts.

Posttest2 ssp1 Diagnostic Result

ID Number 201429633
Teachername - (N
Class ayy
Institution :  PPG Fisika UM
no. Indicator Understanding Status
1 Explain Newton's law of motion Mot Understand -
2 Apply the concept of motion with constant acceleration Moderately Understand
3 Apply the concept of Newton's law of motion Mot Understand -
4 Explain the motion concept Moderately Understand
5 Determine the measurment results Understand B 3 b}

Figure 4. Example of Individual Student Feedback
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In addition to individual and class reports, the teacher can also see the results of the answers of all
students on each learning indicator. The data are still raw but can be copied and processed (compatible)
with other applications such as spreadsheets. Furthermore, the teachers can further process the available
data according to their needs.

Posttest2 ssp1 Diagnostic Result

Class = A
Institution :  PPG Fisika UM
ne: Indicator Understanding Status
1 Explain Newton's law of motion 5% l
2 Apply the concept of motion with constant acceleration 60%
3 Apply the concept of Newton's law of motion 5% l
4 Explain the motion concept 5% l
5] Determine the measurment results 80%

(a)

Coba Guru Diagnostic Result

Class A
Institution PPG Fisika UM
no. Indicator Understanding Status
1 Explain Newton's law of motion 6% l
2 Apply the concept of motion with constant acceleration 28% -
3 Apply the concept of Newton's law of motion 28% -
4 Explain the motion concept 39% -
5  Determine the measurment results 83% hl!

(b)

Figure 5. Example of Groups’ Feedback (a) prospective teacher, (b) teacher

Based on the data on learning difficulties obtained from the Tryout application, the teacher can follow up
on the problem by utilizing the Webvoting application. He can choose the desired multiple choice item to be
discussed interactively in the class. Questions can be displayed on the projector screen as well as can be
seen on the students’ smartphones. Furthermore, the number of students who answer each option and
correct answers can also be displayed by teacher on the class projector. Picture 6 show the graph
generated by Webvoting application shows that their answers spread to almost all options. Based on this
information, the teacher can justify a next step in teaching learning process for example ask students to
discuss the solution of their difficulties.

More than 30 high school physics teachers receive training on how to use the Tryout and Webvoting
application. Afterwards, they were asked to fill out a questionnaire. Twenty-two high school physics
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teachers returned the questionnaire. Secondary physics teacher’s perception of the Tryout and Webvoting
application, can be seen in the Table 1.

Student Response

Figure 6. Example of the Graph of Student Response on Webvoting

Percentage

Strongly Strongly
No Description agree Agree Disagree disagree

Information about the students’ conceptual
1 | understanding is needed by the teacher in the 77.27 22.73 0.00 0.00
learning process.

Information about group conceptual
2 |understanding is needed by the teacher to make 77.27 22.73 0.00 0.00
decisions in learning,

The TRYOUT application can help teachers

3 identify students’ conceptual understanding 5909 36.36 0.00 0.00
The TRYOUT application can help the teacher in

4 | providing feedback about students’ conceptual 68.18 27.27 0.00 0.00
understanding

5 Isomorphic question in TRYOUT application can 3182 63.64 0.00 0.00
be developed by the teacher

6 %BVQTING app,hcatlon can assist teachf.:rs in 45.45 50.00 0.00 0.00
identifying students’ conceptual understanding;

- WEBVOTING apph’catlon can help teachers. give 63.64 36,36 0.00 0.00
feedback on students’ conceptual understanding,

3 TRYQUT application is useful to support students 68.18 3182 0.00 0.00
learning

9 WEBI/OTING application is useful to support 68.18 31.82 0.00 0.00

teaching and learning process.

Table 1. Secondary physics teacher’s perception about Tryout and Webvoting application

Hundreds of prospective physics teachers are also introduced to the Webvoting application. After that, they
were asked to answer openly about how their perceptions on the Webwoting application. Some of their
responses are as follows.

“Webvoting application is very helpful for students and teachers in learning, especially in assessment”

“The teacher knows the number of students who have answered and the teacher can see how many students have
answered correctly and answered incorrectly.”

“Good, can identify student difficulties”
“Very belpful in the process of learning and understanding concepts”

“Very good for use in learning systems. becanse with this webvoting will not drop students’ mentality if students
answer the question incorrectly.”

What are the obstacles when implementing Webvoting application?
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“If the internet network is bad, it can hamper the process of implementing web voting”

“Requires a stable internet connection, students can cheat each other”

4. Discussion

In this development research, the model of web based formative feedback that can generate more specific
feedback as soon as the user completes the test (timely feedback) has been developed. The feedback is
also quite effective because it does not only provide the score as usually given by conventional
multiple-choice tests but also provides feedback in the form of learning’ indicators and the extent to
which the user mastery their learning’ indicator. The model can also provide reports to the teacher or
lecturer users about the accumulation of results for all students (group profile). So, in general, the model
has been able to help providing an information and feedbacks to the teachers and students. Thus, they can
reflect on learning outcomes and learning modifications according to students’ needs.

The model developed, namely Tryout and Webvoting applications, has similarities with some
computer-assisted assessments, which can provide timely feedback. The advantages of the model
compared to other models are as follows. 1). Justification of student’s abilities is not only from one
multiple choice item but 3 multiple choice items. This is to reduce the guessing factor of students. 2) The
model can provide feedback on the accumulation of student’s abilities in one class to teacher. 3) The
model also allows the teacher to see the appearance of students on each indicator. 4) Test models and
feedback can be assessed from anywhere and at any time.

The model also has several disadvantages. 1) Item questions needed at least 3 multiple choice items for
cach indicator. This has an impact on the length of the process of making questions and processing
questions. 2) The model has not been equipped with remediation for students. 3) The appearance of all
students for each item has not been processed automatically. With regard to deficiency No. 3, the model
needs to be further developed to make it easier for teacher and lecturer to analyze each test item. 4. The
question items used in this feedback model are only multiple choice questions, students just have to
choose, and the level of authenticity is looked down upon. 5. Work on questions through the internet
allows the student’s answers not to describe their true abilities.

In general, the models have been proven to provide feedback and provide benefits for both students and
teachers. Therefore, the model can be implemented in physics learning in high school, college, and other
needs. How the feedback model influences the student’s learning process done by the teacher needs to be
examined further.

5. Conclusion

Development of Web-based formative feedback system has been carried out, consists of “Tryout” and
“Webvoting” applications. The system has been evaluated by experts in the field of physics learning, and
tested by lecturer and students. The Web-based formative feedback system that utilizes isomorphic
multiple-choice items has been shown to provide more specific feedback for both students and teachers,
not just score as usually given by conventional multiple-choice tests but also student mastery in specific
learning’ indicator.

The system can also be used or adapted in other subjects by developing multiple choice isomorphic items.
Further studies on the impact of the model on students’ learning of physics’ concepts or other subjects
are needed. More extensive trials are needed to find out the effectiveness of this system.
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