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Abstract

There are numerous reported studies to find the best way of teaching physics, but their quantitative analysis merely
depends on some inferential statistics comprising ANCOVA, t-tests, etc. Those analyses do not generate detailed
information of student’s abilities; therefore, this study analyzes the effects of double-loop problem-solving teaching
methods towards student’s critical thinking using Rasch analysis. In this study, the samples were divided into an
experimental group and a control group with 28 students and 25 students, respectively. After the intervention, their
critical thinking was measured using an instrument that has been validated and pilot tested using Rasch analysis by
considering their reliability, item fit statistics, and unidimensionality. After data analysis, based on person measure, it
was found that there is a statistically significant post-test logit score between the experiment and control class with pre-
test as covariate, p value <0.05. This result is also supported by Wright-map which revealed the relationship between
item and respondent at single picture. In the map, it can clearly be seen that experiment group has a higher logit compared
to the control group. Based on differential item functioning (DIF) analysis in Rasch model, analysis on each item revealed
that no significant difference in some items, moreover some items are more preferable to control groups. This deeper
analysis can give new insight on the way of interpreting research data to select preferable teaching methods.
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INTRODUCTION

The studies to find the best teaching strategies will always be striking educational research due to the
need to update teaching method to meet current condition (Ha et al., 2020). For instance, the world some years
ago faced covid-19 pandemic and forces the learning from face-to-face meeting to online learning (Atmojo et
al., 2020). Therefore, it is pivotal to put extra efforts how to teach science subjects effectively. Science teaching
also adapted the world development by integrating science with mathematics, technology and engineering,
commonly referered to STEM education (Apkarian et al., 2021). There are a plethora of studies (e.g
(Bogusevschi et al., 2020; Elayyan, 2021; Ng & Tsang, 2021)) were conducted on the research fields as the
struggle to result in students whom ready to face industrial revolution 4.0. To better adapting IR 4.0, teachers
also seek the strategies to inculcate higher order thinking skills such as critical thinking, analytical skills, and
other skills(Rosidin et al., 2019), (Gambari et al., 2015) Moreover, the integration of study can be perceived
as a must for the current (Chawla et al., 2021; Hillmayr et al., 2020).

The analysis of studies still depends on some statistical analysis comprising Analysis of Covaiance
(ANCOVA) with pre-test as covariate, independent t-test, qualitative analysis etc (Halimah et al., 2019),
(Wahono et al., 2020). The prevailing analysis does not give a richer data of detailed results of students by
considering item level. They only focus on reveals the data as whole instrument which neglecting potentials
difficulties of students in details. Another issue is the use of raw score, indeed, do not meet the criteria to be
treated as interval data (Saidfudin et al., 2010) to carry parametric statistics such as ANCOVA, t-test etc.

In the current study, we highlight the use of Rasch theory to analyze the effect of double-loop problem
solving towards student’s critical thinking. The proponent of Rasch model measurement are two theorems: 1)
a more capable person has a higher probability of correctly responding to all the items provided. 2). An easier
item is more likely to be answered correctly by all respondents or test-takers(Bond & Fox, 2015; Sumintono
& Widhiarso, 2015). The tendency of current studies in the field of finding best teaching strategies pivots their
analysis based on student’s performance, while Rasch model emphasize their analysis for both person and
items. In the field of science education, a plethora of studies utilize Rasch model only to validate instrument
or they just utilize the theory for enacting linear data(Qudratuddarsi et al., 2019; Sadhu & Laksono, 2018).
Some preceding studies (e.g., (Ibrahim et al., 2012; Ismail et al., 2017)) which have shown that the analysis of
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learning outcomes using Rasch model yield a richer data to gauge student’s understanding, however they apply
the analysis for single test while this study has pre-test and post-test. Therefore, this study depicted the analysis
using Rasch model which pivots on analysis on person performance and items.

METHOD

This study was a quasi-experimental study with a non-equivalent design or also called an untreated
control-group design (Creswell, 2014). There were 59 pupils take part in the study and they were divided into
two groups i.e., 28 students (males, females) control group and 31 students (males, females) in the experimental
group. Both groups experienced pre-test before learning process and post-test after the intervention. While
students in control class have learnt physics as daily practices, experiment class studied physics by applying
the steps for double-loop problem solving method. In general, there are five stages of learning process
comprising the identification phase, causal detection, tentative solutions, consideration of solutions and causal
analysis.

Before running the study, as the first step, Physics Critical Thinking Skills (PCTS) instrument was
formulated and validated. The instrument has 10 items with 5 indicators namely interpretation (Int), analysis
(A), evaluation (E), inference (Inf) and explanation (Ex) as formulated based on (Facione, 2011). Each
indicator consisted of two essay questions with scoring methods ranging from 0-4 points. PCTS instrument
was pilot tested to ensure it to be valid and reliable instrument to measure the constructs. Winstep version 3.73
was utilized to analyze the data and the result of the analysis is depicted. According to DeVellis (2012),
minimally acceptable reliability for person and item are 0.65, unexpectedly, person reliability is merely 0.64.
It elicits that the respondents do not answer the PCTS consistently. Scientific instruments sometimes had low
reliability score such as the some listed studies (e.g., (Hoe & Subramaniam, 2016; Yan & Subramaniam,
2018)). Number of participants can also be contributing factor of the low score. However, item reliability and
Cronbach’s alpha are in acceptable range, accounting for 0.95 and 0.66 respectively. The satisfying score
indicates that the item has stability of score and elicits the positive and good correlation between a score of an
individual item in the test and the total gained score for all items (Chua, 2013; Sumintono & Widhiarso, 2015).
The next value to consider is separation either person separation index (1.34) or item separation index (4.21).
Person separation index and item separation index estimate how well the questionnaire can distinguish between
“person abilities” in terms of the latent trait, and how widespread the items are in defining both the easy and
difficult items (Boone et al., 2014; Chan et al., 2014). Based on (Sumintono & Widhiarso, 2015), one equation
to estimate separation (H) ={(4 x separation) + 1}/3. Based on the calculation, we found that person separation
is 2.02, meaning that students can be agglomerated into two groups, while item can be separated into six
groups. The bigger separation the better spread of either person or item (Adams et al., 2018).

Table 1. Validity and reliability of instrument

Person Item
Separation 1.34 4.21
Reliability 0.64 0.95
Cronbach’s alpha 0.66

As the proof of construct validation, analysis of items in the current study utilized Rasch model. There
are some fit statistics to measure such as mean square (MNSQ), tolerated Z-Standard (ZSTD) and Correlation
Points (Pt Mea Corr). According to Boone, Staver, and Yale (2014), the criteria: (a) the value of accepted infit
and outfit mean square (MNSQ): 0.5 <MNSQ <1,5 (b) the value of tolerated infit and outfit Z-Standard
(ZSTD): -2.0 <ZSTD <+2,0 (c) the value of accepted Correlation Points (Pt Mean Corr) must be positive value.
An item will be eliminated if the three indicator requirements cannot be fulfilled. Most of the items completely
full the requisite score, but some items have a large score. The value suggests that the item fails to differentiate
among students in terms of the targeted ability and thus may measure a different construct from the rest of the
items. Obviously, a large outfit statistic is more problematic than a small outfit statistic (Liu et al., 2011).
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Table 2. Item fit statistics

Item Infit Outfit Pt Mea Corr
MNSQ ZSTD MNSQ ZSTD

1 1.11 0.6 1.66%* 2.4% -0.03*

2 0.61 2.0 0.70 -1.5 0.55

3 1.76* 2.7% 1.62% 2.0 0.38

4 1.54% 2.3% 1.52% 2.2 0.79

5 0.54 -2.3% 0.52 2.2 0.67

6 0.97 0.1 0.55 -0.5 0.33

7 0.74 -0.8 0.64 -0.8 0.38

8 0.84 -0.6 0.73 -0.7 0.49

9 1.13 0.7 1.09 0.5 0.66

10 0.62 -1.8 0.69 -1.1 0.53

Mean 0.99 -0.1 1.00 -0.3

SD 0.39 1.6 0.29 3.8

Note: * item with a fit value outside acceptable score

The last analysis to consider is unidimensionality, a term to explains how much HMCTS instrument can
explain the score as the proof of construct validation. The information is vital to identify the measured
dimension or domain (Sick, 2010; Stone & Yeh, 2006). The explained variance of HMCTS instrument is
52.8%, where raw variance explained by persons and items are 8.5% and 44.3%.

Table 3. Unidimensionality result

Variance in Figenvalue units Eig Obs (%) Exp (%)

Raw variance explained by measures 11.2 42.8% 53.2%

Raw Variance explained by persons 1.8 8.5% 22.3%

Raw Variance explained by items 9.4 44.3% 24.0%

Raw unexplained variance (total) 10.0 47.2% 68.2%
RESULT AND DISCUSSION

Results of analysis the effects of double-loop problem solving teaching methods towards critical thinking skills
methods using Rasch model are classified into student’s abilities based on person measure and item analysis.

1.1 Student Critical Thinking Ability

In the beginning, both pre-test and post-test student’s raw scores are converted to logit score to create
interval data as the requirement of statistical analysis (Qudratuddarsi et al., 2019). The conversion result is
visualized in a wright map, a map to present the relationship between item and respondent at single picture
(Mi et al., 2021) as depicted in Figure 1. In the figure, the left slide is item location, where the alphabet code
refers to Int (interpretation), A (analysis), evaluation (Ev), inference (Inf) and explanation (Ex), while the
number is item order. In the right side, it is person spread, where the code refers to after (A) or before (B)
intervention, control (C) or experiment (E) and person order. For instance, AC21 means post-test score (code
A), control class (code C), student number 21.

Based on the map, we can see item A2 and item Int2 probably cannot be answered correctly by students
in pre-test because person logit of all students below the item logit. Moreover, only students in experiment
class have a good tendency to solve all the questions there. A2 question “A point of matter performs simple
harmonic vibrations with the equation of displacement. When its kinetic energy is equal to 3 times its potential
energy, then what is the deviation?”” and Int2 “A simple pendulum has period 7 and string length /. So that the
period becomes 2 T. How does the length of the rope change?” Both questions are the same type which directly
ask mathematical equation and there is no practical illustration in the questions. To be able answer both
questions correctly, students are required to do a complicated calculation. They have to remember
mathematical formula such as energy kinetic, potential, and mechanic equation for item A2 and period equation
at pendulum for item Int2. Their numeracy skills are measured in these questions such as multiplication and
division without calculator, multiplication of practional number, trigonometry, fraction simplification, and
square roots problems.
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Figure 1. Wright Map of Item and Person Measure

However, items A1 and Infl are possibly the easiest items which can be answered correctly by students
in pre-test and post-test. It is interesting to note that three items Ev2, Ex1, and Ex1 can be responded correctly
by students after intervention, but they are very difficult for them before intervention. Item Al “A springbed
can move up and down past its equilibrium point if a load is applied. Why does this happen and what forces
work?”, and Infl “A spring is placed on a support post vertically. Then loads with different masses are
alternately hung on the spring. Then, the students are given data about mass and 10T, T and T2. They are
requested to take conclusion”. Both questions require pupils to apply their conceptual knowledge on giving
scientific view to daily phenomenon and intrepet data. They just need to remember and memorize their lessons
to be able to answer both questions and seems reasonable to be considered as the easiest questions.

Logit score of students, then, are analyzed using one-way Analysis of Covariance (ANCOVA)
utilizing SPSS version 25. Based on the analysis, it was found that double-loop problem solving improve
students critical thinking skills, F (1,52)= 19.026, P<0.001, the effect size for treatment = 0.276. The results
obtained are in accordance with research conducted by (Roliyani, 2016) which states that the two-round
problem-solving model can improve student learning outcomes and improve the quality of learning. In general,
students in conventional class have less courage to actively involve in the class due to teacher domination.
Similar results were shown in previous studies by (Furoidah et al., 2017; Sari et al., 2017) that conventional
learning in schools using the direct instruction model results in students tending to listen, taking notes which
causes students to feel bored in learning so that student physics learning outcomes are low. It is totally dfferent
from double-loop problem problem which has three rounds namely identification phase, causal detection and
tentative solutions that causes students tend to be active in the class. Their involvement yield a better critical
thinking score. Phases of learning using the double loop problem-solving model can be used to train students'
critical thinking abilities in physics. This is because students in each cycle of the learning phase show high
curiosity to find solutions to problems presented by the teacher(Halimah et al., 2019).

Table 4. One-way ANCOVA results

I'ype 111

Sum of Mean Partial Eta
Source Squares df Square I Sig, Squared
Corrected Model 11.176* 2 5,588 30.214 000 S47
Intercept 73.801 | 73,801 199.020 000 889
Pre test 2.037 | 2,037 11,015 02 181
Crroup 3519 | 3519 19.026 L0000 276
Error 9,248 50 185
Total 05.358 53
Corrected Total 20424 S2

R Squared = 547 (Adjusted R Squared = .529)
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1.2 Item Analysis based on Rasch model

This analysis can be considered as novel, detailed and deeper analysis of student’s critical thinking
based on their performance on pre-test and post-test. In Rasch model, this analysis is part of Differential Item
Functioning (DIF) by referring to significance level of Welch test, Mantel-Haenszel test and Chi-Square test.
We consider the probability score (must lower than 0.05) to classify an item has shown significant different of
score between control class and experiment class. The resut of the analysis is depicted in Figure 2, where (a)

pre-test comparison between control and experiment class, (b) post-test comparison between control and
experiment class.
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Figure 2. DIF Measure pre-test (left) and post-test (right)

Before intervention, there was no statistically significant different of scores at 70% items, and
remained 40% after the intervention. The items are item Intl “one application of harmonic vibrations in
everyday life is on a pendulum clock that moves periodically. a) Why is the pendulum clock said to move
periodically? b) Create a picture analysis of the force acting on the pendulum clock! ¢) What factors affect the
movement of the pendulum clock?”, item A1“A springbed can move up and down past its equilibrium point if
a load is applied. Why does this happen and what forces work?”, item Ev2 “(Figure 3.b) If the pendulum C is
swung, which pendulum will swing with it? Why does it happen?” and item Inf2 “One application of harmonic
vibrations is a pendulum clock. What will happen to the pendulum clock if it is taken into space (value of
acceleration due to gravity)?”. The first reason for this phenomenon is possibly because all of the questions
can be understood quickly after reading the materials without further explanations from the teachers. In some
point, the students are benefits from preceding lessons including vibration and force in their junior high school.

Iy —
4
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Figure 3. Question in item Ev2
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Based on the test, it was found that 30% of items experience any difference and it uplifted to be 60%
after the intervention. We divided items into 2 groups comprising 1) control group do better, 2) experiment
group do better. In the first group, the items are item Ex1 “we often encounter harmonic motion events in life,
one of which is a children's swing. If the rope on the swing can be shortened and lengthened. How is the rope
swing if the child wants to quickly return to its original position?” and Int2 “A simple pendulum has period T
and string length /. So that the period becomes 2 T. How does the length of the rope change?”. This result is
evident because students in control class, possibly, are familiar with the teaching methods and they feel
convenience to get detailed explanations how to solve the problems. They also can focus on teacher’s
explanation regarding difficult conception in physics lessons, moreover they also get benefits from the
questions on their worksheets. Based on researcher experience, the emphasis of the concepts also contributes
to the results.

In the second group, the items are item Ev1 “(Figure 3.a) If you want to deviate some of the above
springs that have different elasticity. What is the deviation if you want to get a large vibration period?”, Infl
“A spring is placed on a support post vertically. Then loads with different masses are alternately hung on the
spring. Then, the students are given data about mass and 10T, T and T2. They are requested to take conclusion”,
A2 “A point of matter performs simple harmonic vibrations with the equation of displacement. When its kinetic
energy is equal to 3 times its potential energy, then what is the deviation?”” and Ex2 “(Figure 3.c) At what point
is the pendulum's kinetic and potential energies maximum? Why does it happen!”. Majority of the questions
is related to practical life which are discussed in details in experiment class, therefore they can get a better
score. The students also construct their knowledge, they do not depend on teacher explanations. The results
are also influence of conducting experiment where the students determine period in their worksheet.

Results of analysis the effects of double-loop problem solving teaching methods towards critical thinking skills
mehods using Rasch model are classified into student’s abilities based on person measure and item analysis.

CONCLUSION AND SUGGESTION

A. Conclusion

Based on logit’s comparison as visualized by wright map and ANCOVA result, double-loop problem
solving teaching methods improve student’s critical thinking ability. This result is also supported by Wright-
map which revealed the relationship between item and respondent at single picture. In the map, it is clearly
can be seen that experiment group have higher logit compared to control group. Based on differential item
functioning (DIF) analysis in Rasch model, analysis on each item revealed that no significant difference in
some items, moreover some items are more preferable to control groups. Therefore, it can be said that Rasch
model can give a better analysis of student’s performance and deeper analysis on item analysis on the research
of finding best teaching strategy.

B. Suggestion

Based on the conclusion that the Rasch model provides a better analysis of students' performance and
deeper insights into item analysis for identifying effective teaching strategies, the following research
suggestions can be made: Conduct comparative studies between the Rasch model and other psychometric
models, such as Classical Test Theory (CTT) or Item Response Theory (IRT), Utilize the Rasch model to
develop diagnostic frameworks that can identify specific areas where students struggle, providing targeted
recommendations for improving teaching strategies and Apply the Rasch model in longitudinal studies to track
changes in student performance over time, assessing the sustained impact of different teaching strategies.
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