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Abstract: Motivation can affect the success of students’ learning. Teachers need a valid
instrument to measure students” motivation while learning physis. This study aims to
describe the process of developing and validating of physics learning motivation survey
(PLMS) for senior high school. Research and development approach is implemented in
this study by following stages: define, design, develop, and disseminate. In the previous
study, the survey has been generated 40 items with eight factors including teachers’
factor, carrier plan, learning strategy, self-efficacy, instructional media, learning
environment, learning interest, and online/offline instruction. The present study is to
validate empirically the survey using Rach analysis by involving 947 senior high school
students in Kalimantan Barat. The results from Rach analysis show that 35 items are
acceptable which have infit and outfit mean square value from 0.5 to 1.5 logits. Then item
reliability and person reliability are 0.99 and 0.91 respectively. This indicates that the
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Introduction

At the senior high school level or its equivalent up
to the university level, the physics subject was first
introduced. Physics is one of the fundamental and
required subjects for the MIPA (mathematics and basic
natural sciences), engineering, and health groups at the
tertiary level. It is also a senior high school requirement
or its equivalent for science majors. Numerous students
believe that the subject of physics is very challenging,
dense with mathematical formulas, and either not very
relevant or only marginally relevant for future careers
(Sirait et al., 2017). Many students are consequently less
motivated to study physics and even avoid it by
selecting other subjects like biology and chemistry
(OECD, 2016).

The curriculum of education in Indonesia continues
to experience changes including that of physics as a step
to dealing with the rapid technological development.
The “independent” curriculum that is currently being
used covers two elements of the physics subject, namely
understanding physics and process skills (Curriculum
Standards and Education Assessment Agency, 2022).
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Understanding physics is the material that should be
mastered by students in order to have basic knowledge
and skills that could be applied in daily life. Then the
abilities to observe, ask and predict, plan investigations,
analyze data, and communicate the results are being the
process skills. Meanwhile, the attitudinal component is
referred to as "Pancasila's student's profiles," which
include piety to God, global diversity, critical thinking,
creativity, independence, and reciprocal cooperation
(Satria et al., 2016).

The efforts to improve students' abilities in physics
such as knowledge, thinking and skills have been carried
out through a lot of research including how to increase
the mastery of concepts on various approaches and
methods (Scheid et al., 2019). Furthermore, many
strategies are taught to assist students in problem
solving skills (Burkholder et al., 2020; Docktor, et al.,
2015; Hsu, et al., 2004; Kuo, et al., 2013). It has also been
developed to use media as a tool to assist students in
learning how to abstract physics ideas (Ceberio et al.,
2016; Podolefsky et al., 2010). However, research on
students' attitudes towards learning physics, especially
the motivation to learn physics still needs to be
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developed considering that the affective aspect is one of
the factors that influence students’ learning success
(Zoechling et al., 2022).

Motivation is an internal state that initiates or
focuses on goal orientation (Schunk & DiBenedetto,
2020). In other words, motivation is a person's internal
encouragement to accomplish a task or goal. According
to this theory, a student has the motivation to study
physics for the reasons that the student has goals to be
achieved including to gain knowledge of physics
concepts and get good grades. However, students’
motivation does not only come from within themselves
but could also come from external or environmental
factors.

Motivation can be divided into two types, namely
extrinsic and intrinsic (Ryan & Deci, 2000). External
motivation is generally in the form of rewards and praise
for good work and achievement. In the context of
student learning, extrinsic motivation on one hand can
be an effort to get good grades on exams, encouragement
from parents, aspirations to further studying in college,
and goals to get a job while intrinsic motivation, on the
other hand, is the desire from within students to learn
certain material or topics such as the example of learning
physics.

Research on students' motivation to learn science
has been carried out by developing several
questionnaires. Tuan, Chin, & Shieh (2005) developed a
students' motivation toward science learning-SMTSL
questionnaire to measure the motivation of junior high
school (SMP) students to learn science. The motivational
elements in the questionnaire are self-efficacy, active
learning strategies, science learning values, goals
performance, goals achievement, and stimulation of
learning environment. Furthermore, a questionnaire to
determine students' motivation in the learning process
has been developed, namely students' adaptive learning
engagement in science (SALES) (Velayutham et al,
2011). Junior and Senior high school students were
involved in developing this questionnaire. The
questionnaire consists of four dimensions of motivation
namely: learning goal orientation, task values, self-
efficacy, and self-regulation.

The science motivation questionnaire (SMQ) has
been developed by Glynn, et al. (2011) and Glynn,
Taasoobshirazi, & Brickman (2009) applying five
components of motivation, namely: intrinsic motivation,
self-determination, self-efficacy, career motivation, and
grade motivation. The questionnaire is used to measure
students' motivation to learn science. Abraham & Barker
(2015) also developed a motivational questionnaire in
physics for high school students known as the Physics
Motivation Questionnaire (PMQ). This questionnaire
consists of five aspects of motivation, namely: interest
value, utility value, performance perceptions, sex-
stereotyped attitudes, and engagement. The purpose of
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the questionnaire is to determine students' motivation to
study physics for certain materials and to find out
whether students will continue to take physics subjects
in the following academic year.

Questionnaires on students' motivation to study,
especially that of physics subject are still limited and still
need to be developed considering that learning
motivation can affect student learning outcomes
(Schunk & DiBenedetto, 2020). The questionnaires that
have been developed are still limited and the motivation
elements still need to be developed including that of the
teacher factor taking into account that the teacher's role
is very important in the students” success in learning
physics. Then, the media factors should also be included
in the motivational aspect given the development of
technology and its use in the physics’ teaching learning.
Besides that, the use of media such as computers and the
internet has become a necessity during the Corona Virus
(COVID-19) pandemic situation. Thus, we should know
as to what extent the media aspect influences students'
physics learning motivation.

Sirait & Oktavianty (2021) has developed a
motivational questionnaire for learning physics. The
results of this study indicate that the questionnaire is a
valid, reliable and suitable tool in measuring motivation
to learn physics. However, this research is still in the
pilot study stage involving relatively few participants
and there are several items that need to be revised.
Therefore, a further research that aims to produce a valid
questionnaire involving large-scale participants is
needed and to use the Rasch model to analyze data by
testing the fit of the items and testing the effectiveness of
the target items on students. This questionnaire is
expected to provide information to teachers in designing
learning that can increase students' motivation to study
physics.

Method

The developmental research (R&D) was applied to
develop this physics learning motivation questionnaire
consisting of 4D: define, design, develop, and
disseminate (Thiagarajan, 1974). The first phase of the
research has reached the “develop” stage involving 150
high school students. The second phase is a follow-up
research, namely “disseminate” to test a motivational
questionnaire for learning physics on a broad scale. A
total of 947 high school (SMA) students (313 boys and
634 girls) from 7 districts and 2 cities in West Kalimantan
were involved in this study. The sampling was
purposive (Cohen et al., 2018) where one school
represented each district and city. From previous
research, the physics learning motivation questionnaire
that has been produced consists of 40 statement items
with eight factors (Sirait & Oktavianty, 2021). For more
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details about the factors, items, and examples of the
questionnaire statements are presented in Table 1.
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Table 1. Dimensions of the physics learning motivation questionnaire

Factor Item Item Example Statement
Teacher 10,18,19,20,21,22, #23 Ilike studying physics because the teacher always corrects the assignments
23,24,25 and tests and giving feedback

Career 32,33,34,35,3 6 #32 I study physics seriously so that I may study at the college I want
Learning strategy 6,7,8,11,12 #8 I studied physics concepts first then afterwards study the formulas related to
the concept

Self-efficacy 37,38,39,40  #37 I am motivated/happy to learn physics because I'm sure I can understand the
concept of physics well

Learning Media 28,30,31 #31 online media and social media help me looking for materials or materials to
make it easier for me to learn physics

Learning 9,13,14,15,16 #15 I prefer to study physics in the physics laboratory compared to in the
environment 17 classroom
Interest in learning 1,2,34,5 #1 I like learning physics because I study
physics events (phenomena) in daily life
Online/ offline 26,27,29  #27 it's easier for me to understand physics concepts taught in class accompanied
learning by experiments rather than through online

The schools were contacted beforehand to find out
if they would agree to allow a survey of their specific
students to be conducted. The students of the willing
schools are then given a link to fill out the questionnaire.
Then, they are given a package of motivational
questionnaire regarding the study of physics which
contains respondent information such as name or
initials, school name, district of origin as well as a
questionnaire containing statements. The questionnaire
is given online via the Google form. One of the reasons
is that it may avoid direct contact with students during
the Covid-19 pandemic. In addition, the data gathering
is faster and inexpensive as well as errors minimization
in submitting student data answers. The students were
given about 15 to 20 minutes to fill out the questionnaire.

The development and validation of this physics
learning motivation questionnaire is made by way of
applying the Rasch model (Planinic et al., 2019). The
Rasch model is often used when developing new
instruments (Balta et al.,, 2022; Kirschner et al., 2016;
Matejak Cvenic et al., 2022). There are various reasons
for employing Rasch analysis, including it can translate
ordinal data into interval data, it can assist linear
computations for persons and things, and a Wright map
can be built to evaluate constructs. There are two aspects
tested, namely the item fitness to the overall constructs
and the effectiveness of the target item to students.

Result and Discussion

Before answering the questionnaire, there are a
number of general questions that students must answer
such as their selection of subjects to choose should a
national assessment is held and of their plans after
school graduation. The fact shows that as many as 67%
of students chose biology, 20% of students chose

physics, and 13% of students chose chemistry. The above
reflects that physics is one of the subjects that is less liked
by students (Zdk & Kolat, 2023). The fact that so few
students choose physics could be attributed to
misconceptions about the subject, such as the fact that
there are numerous formulas to learn and the subject
matter is challenging, making students fear failing or
receiving a poor grade. This is in line with the findings
of Abraham & Barker (2020) that the number of students
taking physics subjects continues to decrease. Then 73%
of students chose to continue their studies at
universities, polytechnics, academies, and others. This
demonstrates that the majority of respondents intend to
advance or increase their knowledge and experience
before entering the workforce (Glynn et al., 2011).

Rasch analysis is used to assess the construct
validity of the physics learning motivation questionnaire
by testing the fitness of the items to the entire construct
and testing the effectiveness of the target items on
students. Table 2 presents the statistics derived from the
Rasch analysis. The first column displays the amount of
items in the physics learning motivation questionnaire,
particularly as many as 40 items. The second column
contains the total score that constitutes the sum of the
responses for each item. Student responses to each
statement are counted using Likert scale numbering
from 1 (strongly disagree) to 5 (strongly agree). The total
score is sorted from the smallest to the largest. The Rasch
measure is made by logit units that provide information
related to the level of agreement for each item (Zoechling
et al., 2022). The value of the Rasch measure is between
-1.32 - 1.76. From top to bottom shows the items that are
the most difficult to agree with to the items the easiest to
agree with. Then the model of standard errors explains
the uncertainty in item measures. The model standard
errors values are between 0.04 and 0.05.
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Table 2: Rasch item measures and statistics PLMS
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Item Total score Measure Model SE Infit MNSQ Outfit MNSQ Point Measure

Correlation
33 2335 1.76 0.04 1.10 1.20 0.45
14 2445 1.62 0.04 1.31 1.57 0.40
4 2916 1.02 0.04 0.87 0.92 0.49
12 3042 0.86 0.04 0.68 0.69 0.57
35 3111 0.77 0.04 0.95 0.96 0.54
6 3120 0.76 0.04 0.86 0.87 0.54
3 3145 0.72 0.04 0.89 0.88 0.53
39 3209 0.63 0.04 0.72 0.72 0.60
7 3311 0.49 0.04 0.87 0.87 0.51
11 3315 0.49 0.04 1.47 1.50 0.28
38 3392 0.37 0.04 0.63 0.64 0.61
8 3444 0.30 0.04 0.82 0.82 0.53
37 3477 0.25 0.04 0.58 0.59 0.64
40 3533 0.16 0.04 0.77 0.76 0.59
20 3573 0.11 0.04 1.64 1.69 0.26
34 3573 0.11 0.04 0.91 0.89 0.56
2 3574 0.10 0.04 0.81 0.82 0.53
1 3607 0.05 0.04 0.66 0.65 0.57
16 3610 0.05 0.04 0.90 0.88 0.53
5 3628 0.02 0.04 0.81 0.81 0.54
15 3683 -0.07 0.04 1.46 1.48 0.33
32 3684 -0.07 0.04 0.81 0.79 0.59
28 3690 -0.08 0.04 1.22 1.29 0.41
13 3747 -0.18 0.04 1.53 1.54 0.35
29 3808 -0.28 0.04 1.24 1.28 0.37
36 3813 -0.29 0.04 0.83 0.81 0.58
23 3863 -0.38 0.04 0.81 0.84 0.49
19 3886 -0.42 0.04 0.81 0.81 0.51
21 3894 -0.44 0.04 0.79 0.81 0.53
17 3906 -0.46 0.04 1.18 117 0.40
24 3920 -0.49 0.04 0.87 0.87 0.46
22 4002 -0.65 0.05 0.95 0.90 0.49
30 4017 -0.68 0.05 1.27 1.28 0.36
9 4027 -0.70 0.05 1.46 1.46 0.30
26 4046 -0.74 0.05 1.63 1.58 0.35
31 4077 -0.81 0.05 117 1.23 0.37
27 4090 -0.83 0.05 1.45 1.43 0.37
25 4101 -0.86 0.05 0.83 0.81 0.50
18 4120 -0.90 0.05 0.91 0.88 0.46
10 4283 -1.32 0.05 1.19 1.16 0.36

Item 33 is the item with the lowest score, meaning
that it is the most difficult for students to agree with the
statement of "I study physics seriously because I want to
be a physics teacher in the future". This statement is part
of the career motivation dimension. When viewed from
the percentage of students’ choices, whereby around
50% of them chose strongly disagree and agree, 35%
undecided, and only 15% agree and strongly agree. This
indicates that only a few of the respondents chose a
career to become a physics teacher. Most of the students
easily agree to statement number 10, namely "I prefer to
work on physics questions if the teacher has given an
example of the solution or there is an example of the
solution in the book". Item no. 10 is included in the
teacher factor dimension where 92% of students agree
and strongly agree with the statement. This shows that

students are less enthusiastic if they have to solve
problems that have no previous examples. In other
words, students will be interested in following the steps
that already exist.

Furthermore, the infit and outfit of MNSQ (mean
square) explains how well the data fit the Rasch model.
The MNSQ infit and outfit indexes for the 40 statement
items are presented in Table 2. According to Wright &
Linacre (1994), the acceptable value for survey data is
between 0.5 and 1.5. This value is also used by
Taasoobshirazi et al. (2015) when developing a physics
metacognition questionnaire. Then Planinic et al. (2019)
state that good instruments such as tests and
questionnaires must have an MNSQ's infit and outfit
value of that range. According to the Rasch model, the
values outside the suggested ones indicate the existence
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of data divergence from what is expected. A value of less
than 0.5 indicates that the response is very predictable
and does not provide useful information while a value
above 1.5 indicates misinformation. Based on these
criteria, there are 4 items (13,14,20,26) that need to be
excluded because they have an infit and outfit mean
square value above 1.5. Items 13 and 14 are in the same
dimension, namely the learning environment. Item 13,
that reads "I like learning physics if students are divided
into groups”. This statement encourages students to
study in groups while some students like to study
individually. Then, item 14 reads, "l like studying
physics because there is competition in class". This
statement is also not good because studying physics
does not mean one has to compete. Item 20 reads, "I like
learning physics because the physics teacher gives a few
assignments that fall into the teacher's factor
dimension". This item is also contradictory because
students who are highly motivated are happy with
teachers who give few assignments. Then, item 26
regarding the choice of online or offline learning mode.
Students have their own preferences and this provides
an opportunity for students to choose one mode of
learning. Based on the stated reasons, these four items
cannot be included in this questionnaire.

Point measure correlation will test whether student
responses to items correlate with the level of persons’
approval (the higher a person measures, the higher the
rating on the item) (Linacre, 2012). All correlations must
be positive; seen from Table 2, the correlation value for
all items is positive. In addition, the recommended point
measure correlation value is above 0.3. Based on Table 2,
the correlation values below 0.3 are on items 11 and 20;
thus item 11 needs to be excluded and the low
correlation value also strengthens that item 20, which
was previously issued based on the MNSQ infit and
outfit, not to be included in the value range.

Figure 1 presents a Wright map which illustrates
the relationship between persons and items. Persons and
items are in the same unit on the Wright map which can
compare items with items, persons with persons, and
persons with items (Planinic et al., 2019). The 40 things
are arranged on the right side of the Wright map
according to the degree of agreement, with the items that
are hardest to agree on at the top and the easiest to agree
on at the bottom. The distribution of 947 individuals,
with those with strong motivation to study physics at the
top of the map and those with low motivation at the
bottom, can be seen on the left side of the Wright map.
The interval scale of the logit value is depicted by the
vertical line. Nine people are represented by each
symbol of (#), while one to eight is represented by each
symbol of (.). The "M", "S" and "T" symbols respectively
stand for the mean, one and two standard mean
deviations.
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Figure 1. Wright Map of PLMS

There is no too wide a gap in the distribution of
items. There are several groups of items that overlap,
such as items 1,15,16,28,32,5 which indicate redundancy
at the approval level of the items. However, this
questionnaire consists of 40 items and they respectively
measure different aspects of motivation to learn physics.
The above mentioned six items do not measure the same
aspect of motivation. Indications of this repetition also
occur in the physics metacognition questionnaire
(Taasoobshirazi et al., 2015), but because these items are
in different dimensions and measure different aspects of
metacognition, these items do not need to be discarded.

According to the statistical study, the
questionnaire's item separation is 15.20, and its item
reliability is 0.99. The sample in this study has a person
separation of 3.16 and a person dependability of 0.91.
This individual dependability number is equivalent to
the questionnaire reliability index from earlier studies
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(Sirait & Oktavianty, 2021). The Rasch analysis uses a
0.04 standard model for the item and a mean item
measure of zero logits. The standard error model is 0.21
and the mean person measure is 1.05.

Conclusion

This study created a questionnaire with eight
motivating elements to assess students' motivation to
study physics. The 35 items that were deemed to be
acceptable and reliable based on the Rasch analysis.
Values for both person and item dependability were 0.91
and 0.99, respectively. Thus, teachers can utilize this
questionnaire to ascertain students' motivation for
enrolling in physics class as a resource for the
advancement of learning.
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