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1. INTRODUCTION

Phenomena in everyday life that have been integrated in physical concepts can motivate learners to
easily understand. Conscious or not, that all life has been surrounded by physical phenomena with all its
complexity [1]. Although physics is very important to solve various problems in daily life, unfortunately
many students consider it very complicated then disrupts their motivation and interest to learn it [2].
However, the complexity of cases in physics becomes a challenge for each learner to make it easy,
interesting, and fun [3].

According to English [4] that motivation is closely related to the ability of self-regulation which has
a positive impact on responsibilities and learning difficulties. This means that learning difficulties can be
detected through self-regulation skills indicators. In addition, self-regulation is a psychological condition that
can be detected using a psychometric scale test. Psychological conditions include perceptions, opinions, and
attitudes of individuals or groups of people about various social phenomena [5-6].

A test must be categorized as valid to be used in interpreting the variables that are measured
correctly [7]. Previous studies related to the psychology of cognitive processes have proven that self-
regulation skills have been used to predict learning achievement [8-12]. However, the inability to regulate
learning behavior is closely related to differences in levels of learning difficulties [13-14]. This allows that
measurement items that have been used are not fit (invalid) with variables that have been measured.

This article describes the feasibility of the Rating Scale Model instrument to identify learning
difficulties through the four strategies of self-regulation processes as follows: planning, controlling,
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evaluating, and reinforcing. Self-regulation is a dimension of metacognitive knowledge used to regulate
cognitive processes as a basis for planning learning strategies [15].

Each person has the characteristics to manage his cognitive processes which have implications for
the application of learning strategies. If everyone has a diversity of self-regulation processes, then it is
impossible to interpret [16-17]. This has contradicted the assumption of a unidimensional Rasch Model, [18].
Fischer [19] has asserted that the existence of different processes on the same continuum of abilities causes
measurements not to be linear and impossible to compare. The implication requires the same initial
assumptions about self-regulation strategies to easily generalize the diversity of individual learning
difficulties found.

Rasch Rating Scale models (Rasch-RSM) are ordered categories that are used to view items as a
representation of measured sample behavior. This means that the data collected is in the form of opinion
scale or a latent attitude. The main assumption of RSM is that the assessment of response categories of items
must be the same where the score must increase constantly according to the level of difficulty [20-21]. The
Rasch model has better measurement accuracy than classical test theory (CTT). The Rasch model is able to
process the evaluation of test results iteratively through calibration to find the optimal composition and meet
the model criteria [22-24]. This advantage is not complemented by CTT; therefore it has the limitation of
requiring more test items to get quality measurements.

The Rasch Model provides analysis to verify the assumptions of the items used. Rasch Modeling
also provides estimates of the specific characteristics of the difficulty level of items in certain stages based on
probability [25-28]. The probability approach accommodated aims to keep the Rasch Model not
deterministic, therefore measuring objects can be identified more carefully. The probability of the
Rasch Model for RSM has been developed based on the Partial Credit Model (PCM) probability equation
as follows:

exp (Bn—6ij)
1+exp (Bn— 6ij)

)

Poix =

Where f is a component of the ability level, and §;; is the specific characteristic of the difficulty level of item
i at each step j, whereas in RSM probability, the value §;;is described as §; —7;; hence the equation
becomes as follows:

exp (Bn— 6; — Tij)

P, =
mx 1+exp (Bn— 6; — Tij)

forx=1, 2 3,..., mi 2

The probability equation of the Rasch Model shows that &; is the difficulty levels of response items, and t;;
is the specific characteristics of the difficulty levels of response items i in each step of j. While items that
have been tested are declared fit to be used if the INFIT T value is in the range of + 2 while the standard error
(o) is 5% [17].

The application of rating scale has been carried out in various social studies to detect a person's
behavior such as: identifying benchmarks from the politomus scale [18], interpreting the strategies of student
learning motivation [29], explaining understanding concepts from candidates’ elementary school teacher,
[30], and streamlining measurements to improve teacher social skills [31]. This has proven that the Rating
scale model is flexible to be applied in various continuum involving the affective domain.

2. RESEARCH METHOD
2.1 Cases and instruments

The stability of the estimated results on the expected logit scale is needed. In specific cases using a
scale of £ 1 logit (logarithm odds unit) to obtain the stability of the estimated data for a confidence level of
99% is required that the number of cases (sample size) is feasible at least for 50 people [32]. Therefore the
sample of this study is 126 people who are prospective physics teachers in the early semester of 2018 in one
of private university, Indonesia.

Teacher candidates who have been taken with purposive sampling are conditioned by project-based
learning for one semester to facilitate self-regulation strategies. Through the application of this learning
model, the ability of self-regulation of prospective teachers can be assumed to be homogeneous in each step
of the project. The steps of the self-regulation strategy identified are as follows: planning, monitoring,
evaluating, and reinforcing. ldentification is done through the provision of questionnaires that have been
adapted to self-regulation strategies. The questionnaire consisted of 20 items that used a four-point rating
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scale namely: 1 = Completely Untrue, 2 = Untrue, 3 = True, 4 = Completely True. The questionnaire was
given at the end of the semester to find out the learning strategies used while using project-based learning.

2.2 Data analysis

The probability of a Rasch Model is generated from the raw data analyzed using the QUEST
application to find a fit model and estimate the teacher's self-regulation ability levels. The QUEST
application provides a wider range of community measurement and research facilities based on the latest
psychometric methods from heterogeneous item response models, multidimensional responses, latent
regression models, and informs logical values. The QUEST program is freeware that can be downloaded at
https://www.rasch.org/software.htm.

The central elements in the QUEST program are item response theories (IRTs) that have been
adjusted to the Rasch Model (RM). The QUEST program uses unconditional (UCON) or a joint maximum
likelihood to estimate parameter items on raw scores [33]. The raw score on a scale r will be converted to a
logit scale that shows a person's ability (b) as (3):

b= log [(/ (L-n)] ©)

For L is the number of activities (items). Whereas to find out the level of difficulty of item (d), however the
value of r can be converted into a logit scale as in the equation as (4):

d = log [(N-S)/S)] 4)

Where N is the number of tests (case / person) and S is the score of the item [34]. The size of S for
politomus' scaled measurement data in the QUEST program becomes wij and the difficulty level of d will be
changed to dj;. The equation for RSM in the QUEST program is as (5):

exp X% wij (Bn— 8; — Tij)
P (Xni = xni) i -~

k=0 €XP 2}‘;‘0 wij (Bn—6; —Tij)

®)

where S, is a component of the ability level of the test (case / person) n, wj; is the score for step j on an item i,
i informs us of the difficulty levels of the items, and =;j is the specific characteristic of the difficulty levels of
the items in i category at each step j. Whereas the equation scanned in dichotomous is reduced to (6)

exp (xniwij(Bn—6;))
1+exp (xpiwij(Bn—6;))

P (Xni = Xn) (6)

The difficulty levels in the QUEST Program are clearly expressed in the threshold value. The threshold value
is calculated based on the value of T which represents the ability levels required by the test (case / person)
with the highest chance of 0.50.

3. RESULTS AND DISCUSSION
3.1. Fitting of Rasch model (Parameter logistic model)

The Logistic parameter model displays the output of suitability of items in detecting learning
difficulties through self-regulation strategies. The compatibility of items developed both based on INFIT
MNSQ or INFIT T is in accordance with the requirements (Table 1). This is in accordance with the results of
the IRT analysis that the distribution of all items has been fit according to the Rasch Model which is in the
range of scores from 0.77 to 1.30. This means that the construct of items is appropriate and effective for
measuring self-regulation indicators.

The output from the QUEST program provides information about the feasibility of items analyzed
according to the Rasch model. Table 1 illustrates the output that informs about the distribution of items based
on their compatibility with the Rasch model. The QUEST output provides reference options for the suitability
of models developed based on INFIT MNSQ criteria or INFIT T.

Table 1 shows the output distribution profile of items specifically for fit criteria based on MNSQ
INFIT. All items that have been used are within the range received (fit by the Rasch model) according to the
INFIT MNSQ and INFIT criteria. There are no items that suggest to be improved because they meet the
validity criteria. This means that the output produced can be fully used to interpret the probability of
responding self-regulation behavior. In addition, it can be stated that the items developed have been feasible
to detect learning difficulties through indicators of self-regulation ability. This finding is very important as a
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prerequisite for detecting learning difficulties for prospective physics teachers based on self-regulation
skills. Analysis of the Rasch model is able to inform about the characteristics of the test items formed into
the same metrics.

Table 1. Items that are fit with the Rasch model
Items Infit MNSQ Infitt Outfitt Criterion

1 1.14 1.2 1.0 Fit
2 1.01 0.1 0.2 Fit
3 1.10 0.8 0.9 Fit
4 1.06 0.6 0.5 Fit
5 0.86 -1.2 -0.9 Fit
6 1.15 1.2 1.4 Fit
7 0.86 -1.2 -1.0 Fit
8 0.84 -1.3 -0.9 Fit
9 0.86 -1.2 -1.0 Fit
10 1.07 0.6 0.5 Fit
11 1.01 0.1 0.0 Fit
12 1.12 1.0 0.8 Fit
13 0.90 -0.8 -0.7 Fit
14 1.06 0.6 0.5 Fit
15 1.04 0.4 0.4 Fit
16 0.94 -0.5 -0.4 Fit
17 0.82 -1.5 -1.2 Fit
18 0.87 -0.9 -0.1 Fit
19 0.92 -0.6 0.1 Fit
20 0.84 -1.3 -1.2 Fit

Criteria for fit items: 0, 77 < INFIT MNSQ < 1, 33 [23]
or -2 <INFIT T< 2 [17].

According to Lowenthal [35], test items in quantitative analysis must have the reliability to measure
the degrees of consistency. This means that, good measurements must present a high degree of reliability if
the scores are consistent [36]. The Rasch model is still an analytical tool that can measure the accuracy of the
validity and reliability of research instruments, even testing the suitability of people and items
simultaneously. According to Christensen [37], Rasch modeling can produce measurement instruments that
are better and more accurate than others.

3.2. Case estimates for identifying self-regulating ability

The quest output displays details of skill levels from each case based on the score estimates. High
estimated scores can be interpreted that the self-regulation skills of prospective teachers are good. This means
that self-regulation is proportional to an increase in learning motivation and affect learning difficulties. The
score estimates in the IRT require respondents who have high ability (Estimates scores> 1.00), medium (-
1.00 < Estimates scores <1.00), and low (Estimates scores<-1.00) as shown in Table 2.

Table 2. Physics teacher candidates based on their level of self-regulation ability.

No Case/Person estimates Levels of self-
Case estimates Sumof  Persentages regulation
(person abilities) cases (%) Skills
1 Est> 1.00 42 33 High ability
2 -1.00 < Est <1.00 64 51 Medium ability
3 Est <-1.00 20 16 Low ability

Table 2 shows the number of percentage of physics teacher candidates who possess self-regulation
skills for the categories of: high, medium, and low abilities. The percentage of the number of prospective
teachers who have high self-regulation skills is 33%, and then most of them are in the medium category ie
51%, while 16% are of low ability. It was found that most of the physics teacher candidates had the ability to
categorize 'medium'. This means that, the use of alternative learning strategies can improve one's self-
regulatory abilities and minimize learning difficulties. According to Bembenutty, et al, [38] that learners who
have high self-regulation can overcome learning difficulties because motivation is getting better. This
motivation is a psychological cause that influences learning difficulties [39-41].
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For prospective teachers, self-regulation is very important to be trained. Good self-regulation can
help prospective teachers become accustomed to completing administrative, teaching, and research
assignments. A total of 126 cases that have been identified show the results of the estimation that 51% of
prospective physics teachers have medium category self-regulation, 33% for high, and 16% with low self-
regulation (Table 2). These results have proven that self-project has greatly facilitated the assumption of the
Rasch Model [42, 43]. The difference in self-regulation ability was finally identified through the results of
the Rasch Model analysis to be interpreted. Joyce [44] said that the implementation of learning strategies is
an alternative solution to stimulate learners' self-regulation skills.

4. CONCLUSION

Learning difficulties are a psychological cause that can disrupt student self-regulation in learning.
The Rasch Model is feasible to measure self-regulation skills through a self-sustaining project strategy. The
appropriateness between learning strategies and learner characteristics has contributed positively for
self-regulation.
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