
Journal of Environment and Sustainability Education 
2 (2), 2024, 135-145 
Available at: joease.id/index.php/joease 
ISSN 3025-0714 (online) 

 

Problem-solving ability of high school students: Preliminary study 
analysis using rasch modeling 

Annisa Syifa1, Anisa Nur Azizah1, Aribah Chika Fardanti1, Fatonah Rahayu1, Toni Kus Indratno1, Moh. 

Irma Sukarelawan1*, Nurul Syafiqah Yap Abdullah2 

1Physics Education Study Program, Universitas Ahmad Dahlan, Kapas St. No.9, Yogyakarta 55166, Indonesia 
2Universiti Pendidikan Sultan Idris, 35900 Tanjong Malim, Perak, Malaysia 

e-mail: irma.sukarelawan@pfis.uad.ac.id 
* Corresponding Author. 

 
Received: 2 May 2024; Revised: 1 June 2024; Accepted: 5 June 2024 

 
Abstract: One of the problems in learning physics is the weak ability of students to solve 
problems. Therefore, this study aims to conduct a preliminary study to recommend 
appropriate learning models. The type of research used is survey research. As many as 23 
students were involved as primary data sources to determine the need for problem-solving 
skills. Respondents came from class XI of one of the state high schools in Yogyakarta. 
Problem-solving ability data was collected using 16 survey items formatted in the Google 
Form. Data analysis was performed using Rasch modeling. The analysis results show that 
there are limitations in students' problem-solving skills or abilities. Based on the survey 
results, it is recommended that the Problem base learning or guided inquiry model can be 
an alternative to optimizing students' problem-solving abilities. 
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Introduction 

The ability to solve problems is an essential part of learning. The importance of problem-solving 
for students is the primary basis for learning physics. This is because problem-solving abilities involve 
several supporting processes, such as reasoning, interpretation, and evaluation (Wartono et al., 2019). 
Through solving problems, students can develop critical, logical, and creative thinking (Venisari et al., 
2017). According to Hamdani et al. (2019), problem-solving is a high-level cognitive ability that allows 
students to acquire knowledge and skills. 

This shows that learning physics requires problem-solving skills (Sumiantari et al., 2019). One of 
the problems in learning physics is the weak ability of students to solve problems. Such a situation is 
caused by the teaching process, which still uses traditional methods which are only teacher-centered 
and do not provide opportunities for students to develop their thinking (Sujanem et al., 2016). In 
addition, learning in class emphasizes mastery of concepts and ignores students' abilities to solve 
physics problems (Azizah et al., 2015). In solving physics problems, students often use mathematical 
equations directly without analysis (Rahmat et al., 2015). The habit of guessing formulas and 
memorizing sample questions to solve other problems (Rohayah, 2022). 

This will cause students to struggle to solve problems because they cannot solve more complex 
problems and only solve simpler quantitative problems. One of the goals of studying physics is to create 
humans who can solve complex problems by applying their knowledge and understanding to everyday 
situations. However, students experience difficulties because the strategies taught in learning are only 
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designed to solve problems that require mathematical calculations (Hijriani & Hatibe, 2021; Nurul, 
2022; Veronica et al., 2020). 

Several factors influence students' problem-solving difficulties. One is because of a weak 
understanding of physics principles and law, a need to understand questions, and student motivation 
(Makrufi et al., 2018). To overcome this, teachers must change learning methods or models to make 
physics lessons more fun and motivate students to learn more actively (Gagić et al., 2019). In addition, 
students must often be given more complex and contextual exercises to practice problem-solving skills 
(Verschaffel et al., 2020). Several studies have been developed by applying various learning models. 
However, it has yet to fully increase students' ability to solve physics problems. Research conducted 
Agustina et al. (2020) shows that applying a project-based learning model can improve problem-solving 
skills. Students still need help connecting several physics concepts and finding solutions. 

On the other hand, Alfika and Mayasari (2018) see the effect of the guided inquiry learning model 
on students' physics problem-solving abilities. Indicators of planning solutions and reviewing problems 
in the experimental class are lower than those in the control class. The reason is that the students in 
the experimental class are in a hurry to work on the problems. When students are in a rush, they tend 
to neglect essential steps in the problem-solving process, such as reading questions carefully and 
analyzing the information provided. As a result, they may make avoidable mistakes. In addition, rushing 
can lead to inaccuracies in complex mathematical calculations, leading to inaccurate and imprecise 
answers. 

The fact is that students need more ability to solve physics problems. This data is based on the 
analysis results (Setianingrum et al., 2016). The results show an average score of 64.73 students with a 
low level. Where more than 50% of students can answer questions correctly if asked to define, 
determine constants, and provide solutions. Students can solve problems easily if they use simple 
concepts without modification. Then below 50% of students can answer questions correctly using 
equations, define relationships, give examples, explain, calculate, and determine. Students still need 
help solving complex questions. In addition, the average value of the quantitative type of questions is 
more excellent (25.58%) compared to the qualitative value (19.27%). This shows that students are more 
familiar with quantitative than qualitative model questions. 

Other data, Alfika & Mayasari (2018) show that students' average problem-solving ability score 
is in the less category, namely 50.12%. As many as 42.6% are included in the less category for indicators 
of understanding the problem. As much as 50.6% are included in the poor category on the indicators 
of making plans, and more than 50% of students are included in the poor category on the indicators of 
carrying out plans. At least 60% is included in the sufficient category on the re-examining indicator. 
Understanding the problem is the lowest indicator because students are not trained to understand in 
depth the problems related to everyday life. At the same time, the indicators for re-examining are in 
the sufficient category because students are better trained in sequencing the steps that already exist 
or have been provided in the questions. 

Several studies have conducted preliminary studies on problem-solving abilities. Various limited 
studies report problem-solving abilities in descriptive form. So, it has yet to be able to provide accurate 
information as a basis for developing appropriate learning models. Needs analysis up to the individual 
level needs to be done to get accurate information on students' problem-solving abilities. This will have 
implications for the effectiveness of selecting strategies and learning models for students. An 
alternative analysis that can be used is the Rasch model. 

The Rasch model provides a more accurate measure of student ability (de Bock et al., 2016). The 
Rasch model can produce more precise estimates of students' abilities by considering the items' 
difficulty levels (Pan et al., 2007). In classical theory, the estimation of students' abilities may be 
inaccurate because they need to adequately consider the difficulty level of the items (Barbera, 2013). 
The Rasch model allows for a more in-depth analysis of item characteristics, such as difficulty level and 
item segregation (de Bock et al., 2016). In this study, the Rasch model can identify items that fit well 
with the measurement model and those that do not (Barbera, 2013; Pan et al., 2007). In classical theory, 
item analysis is less comprehensive than the Rasch model. 
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Students' problem-solving abilities can be optimized when using appropriate learning models. 
The suitability of the learning model can be determined if an empirical needs analysis has been carried 
out using the Rasch modeling. Therefore, it is necessary to conduct a preliminary study to obtain 
empirical data on students' problem-solving abilities. This study aimed to conduct a preliminary study 
of the problem-solving abilities of high school students. This study contributes to providing 
recommendations for appropriate learning models to be implemented in order to optimize students' 
physics problem-solving abilities. 

Method 

This type of survey was conducted at a public senior high school in Yogyakarta, Indonesia. To 
obtain good data stability, a sample size of 250 is recommended (Chen et al., 2014). However, sample 
sizes between 16 and 36 can be applied at the 95% confidence level with ±1 logit accuracy for 
dichotomous data (Linacre, 1994). A total of 23 students were surveyed to get an overview of the needs 
analysis of students' problem-solving abilities. Respondents consisted of 47.8% women and 52.2% men 
from class XI MIPA. The classes surveyed were selected based on needs, which are assumed to have 
diverse abilities. The results of screening using Rasch modeling on student response patterns, as many 
as one person were excluded from the analysis because they had extreme values. 

A preliminary study of students' problem-solving abilities was surveyed using a questionnaire 
consisting of 16 items. A total of six items were in the form of unfavorable questions (S1, S3, S7, S8, S13 
and S14). The answer choices used in the questionnaire were "Yes" and "No" responses. One item (item 
S1) was excluded from the analysis set because it needed a match with the Rasch modeling (fully 
explained in the results and discussion section). 

All items are formatted using the Google Forms platform to facilitate the administrative process 
of data collection. Before distributing the questionnaire, the researcher coordinated with the class 
teacher and asked permission from the school. Before distributing the questionnaire, the researcher 
explained that the data would be kept confidential and used only for research purposes. Respondents 
unwilling to participate in the preliminary study are allowed not to fill out the questionnaire because 
participation is voluntary (Fish, 1999; Sukarelawan et al., 2021). All respondents took 15-20 minutes to 
answer the questionnaire, which was done outside of study hours. 

Preliminary study data of students' problem-solving abilities were analyzed using Rasch 
modeling. The software used is in the form of Ms. Excel and Winstep 4.6.1 (Linacre, 2021). Ms. Excel is 
used to prepare raw data to be analyzed using Winsteps. Prior to analysis, all unfavorable items were 
scored in reverse. The answer "Yes" was given a value of 0, and the answer "No" was 1. Winsteps 
software was used to analyze data based on Rasch modeling. The Winsteps feature used to analyze the 
results of the preliminary study of students' problem-solving abilities is a statistical summary to explain 
the instrument's reliability (Purnami et al., 2021). Item fit is used to analyze the fit to the Rasch 
modeling (Ramdani et al., 2021). The Wright map is used to analyze the obstacles faced by students 
related to problem-solving abilities (Hikmah et al., 2021; Sukarelawan & Gustina, 2021). Differential 
Item Functioning (DIF) is used to analyze the differences in needs between male and female students 
(Coles et al., 2023; Saghafi et al., 2021).  
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Results and Discussion 

Statistics Summary 

The results of the preliminary study instrument reliability analysis are summarized in Table 1. 

Table 1. Statistical instrument needs problem-solving abilities 

 
 
Based on Table 1, the instrument has a reliability value of 0.72. This value can be seen in the 

Cronbach Alpha row (Table 1). This shows a good interaction between the person and the item as a 
whole (Sumintono & Widhiarso, 2015). At the same time, the person and item reliability values were 
0.63 and 0.82, respectively. The reliability value of the person shows the category is quite good, and 
the reliability of the item shows the category is very good (Sumintono & Widhiarso, 2015). This means 
that the person consistently answers the instrument, and the items used are in a good category. In 
addition, Table 1 shows that the average logit item is 0.00, and the average logit person is -0.53. This 
shows that the person's ability is lower than the difficulty level of the items used. Therefore, a need 
must be met based on the results of the preliminary study analysis. In Table 1, separation data is also 
obtained, which is used to determine the distribution of person and item groups (Seamon et al., 2019). 
The separation value for persons is 1.31 (equivalent to 2 strata), and the separation value for items is 
2.10 (equivalent to 3 strata). These two things show that person's needs can be grouped into two levels, 
and the level of needs can be grouped into three groups. A good separation or strata value for persons 
is at least 2 (Linacre, 2017), and for items, at least 3 (D. Adams et al., 2020). 
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Item Fit 

The suitability of the items used to analyze the results of the preliminary study is shown in Table 
2.  

Table 2. Item fit to Rasch modeling 

 
 
Based on Table 2, the Outfit Means-Square (MnSq) values range from 0.33 to 1.56, and the Outfit 

Z-Standard (ZSTD) values range from -1.40 to 1.02. In addition, the Point Measure Correlation (Pt. Mea. 
Corr.) value ranges from 0.05 to 0.80. Boone et al. (2014a) explained that Outfit MnSq, ZSTD, and Pt. 
Mea. Corr. can be used as a criterion for evaluating the suitability of test items. If a test item does not 
meet predetermined criteria, then the item must be corrected, replaced, or removed from the analysis. 
The guide Boone et al. (2014b) proposed to assess item suitability criteria: Outfit MnSq between 0.5 -
1.5, Outfit ZSTD -2.0 to +2.0, and PT. Mea. Corr. between 0.40 - 0.85. 

This study found that of the 16 test items tested using the Rasch modeling, as many as 15 items 
were declared fit (valid) and could be used to analyze the needs of students' problem-solving abilities. 
A total of 8 items (S2, S3, S4, S5, S7, S9, S12, and S15) showed a good fit with the Rasch model, while 
seven items (S6, S8, S10, S11, S13, S14, and S16) showed a poor fit. Even so, the seven items can still 
be maintained because they meet the predetermined criteria' tolerance limits. Items S6 and S16 are 
retained because of the outfit ZSTD and Pt. Mea. Corr. values still meet the criteria, even though the 
outfit MnSq value is out of range. Items S8, S10, S11, S13, and S14 are retained because the Outfit 
MnSq and Outfit ZSTD values meet the criteria even though the Pt. Mea. Corr. outside the acceptance 
range but still positive. S1 items were excluded from the analysis because all three criteria were outside 
the acceptance threshold. 

Wright Map 

Mapping the needs of the preliminary study results is visualized using a Wright map, as shown 
in Figure 1. Figure 1 shows the mapping of the preliminary study results of students' problem-solving 
abilities. Based on Figure 1, students' needs regarding problem-solving skills are grouped into four 
levels, namely Very Needed (2 items, S5 and S8), Needed (7 items, S3, S6, S9, S11, S13, S15, and S16), 
Simply Needed (4 items, S2, S4, S7, and S12), and Less Needed (S10 and S14). This division of the four 
levels refers to the Logit Value of Item (LVI) (Ramdhan et al., 2022). The LVI value is determined using 
the average value and standard deviation of the logit value of each item. 
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Referring to the Wright map, about 82% (18 out of 22 people) of students have more than a 50% 
chance of very needing items S5 and S8. According to the results of a preliminary study of problem-
solving abilities in the Needed group, about 73% (16 out of 22 people) of students have more than a 
50% chance of needing S3, S6, S9, S11, S13, S15, and S16 items. In the third group, approximately 36.4% 
(8 out of 22) of students had more than a 50% chance of simply needing S2, S4, S7, and S12 items. In 
the less needy group, no students have more than a 50% chance of being included because all students 
have a higher logit value than the items in that group. So, the preliminary study results empirically 
show that problems S10, "I want the material that I have learned to be applied to a project or work," 
and S14, "I am not interested in learning physics through direct experiments." is not a problem students 
face. 

The results of the mapping show that item S5 "Physics is an easy subject for me," has the highest 
logit value of the 15 items, so it is in the very needed group. So far, students still feel that physics is a 
difficult subject. Often, physics is seen as difficult because it involves abstract concepts (Alias et al., 
2013), so it is complicated to be understood visually by most students. In addition, physics also involves 
solving complex problems (W. K. Adams & Wieman, 2015), requiring critical thinking (Dinsmore & Fryer, 
2023; McBride, 2023) and good mathematical skills (Bing & Redish, 2009). On the other hand, the 
teacher's monotonous teaching method reduces students' interest and motivation in studying physics, 
giving the impression of physics as tedious and difficult material. This is in line with the view of Ornek 
et al. (2008), who said that students' views of the lesson influence their understanding and learning. 
However, the results of an empirical preliminary study show that teachers teach using various methods 
(see S8). In contrast, items S10 "I want the material that I have learned to be applied to a project/work." 
and S14, "I'm not interested in learning physics through direct experiments." are in the Less Needed 
group. 

Differential Item Functioning by gender 

The results of the analysis of differences in the needs of the preliminary study of problem-solving 
skills based on gender are shown in Figure 2. Statistically, Figure 2 shows that 1 out of 15 items 
responded differently by gender. S5 item, “Physics is an easy subject for me,” was responded to 
differently by male and female students. Statements in item S5 are needed more by female than male 
students. Even so, no research results provide clear answers as to why physics lessons are easier for 
boys than girls. However, few studies have investigated gender differences in physics learning and 
achievement. Kalender et al. (2020) found that women report lower self-efficacy than men in physics, 
which may affect their engagement, participation, and retention in academic careers in STEM. Other 
studies have also investigated gender differences in physics learning and achievement, but the results 
are varied and complex (Kalender et al., 2019; Maries et al., 2018; Nurdian Susilowati et al., 2020; 
Steegh et al., 2019). Performance differences between male and female students can be reduced or 
even eliminated by using interactive engagement techniques in introductory physics classes (Pollock et 
al., 2007). 
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Figure 1. Wright map analysis preliminary study of students' problem-solving abilities 

 
Figure 2. Preliminary study analysis of students' problem-solving abilities based on gender 
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Learning model recommendations 

Based on the findings presented earlier, problem-solving-oriented learning can be considered by 
teachers as an effective approach. Problem-solving-oriented learning allows students to think actively, 
collaborate with classmates, and solve problems independently. In addition, context-based learning 
and student engagement can train them to see the relevance of learning materials to the real world 
and their daily lives. Presenting contexts related to students' lives can motivate and increase their 
enthusiasm for learning physics. Active and collaborative learning can encourage students to 
participate more actively in the learning process and collaborate with classmates. Active learning 
models such as problem-based learning, cooperative learning, or project-based learning can be an 
appropriate choice to realize student-centered learning (Huang, 2023; Mendo-Lázaro et al., 2022; 
Mudrikah, 2021). Through this approach, students not only gain theoretical understanding but also 
practical skills relevant to their lives, thus improving the overall quality of education. 

Problem-based learning (PBL) is a pedagogical approach that can engage students in solving real 
problems through group collaboration and discussion, as stated by Mustaghfirin (2022). This PBL model 
serves as a means to assist students in developing problem-solving skills by providing an accurate and 
relevant context so that students can apply their knowledge in real situations (Mustaghfirin, 2022).  

In addition to PBL, the guided inquiry learning model is also recommended as an effective 
alternative. According to research conducted by Cahaya et al. (2023), the guided inquiry model can not 
only be used to analyze the needs of students' problem-solving abilities, but it can also involve them 
actively in the learning process. This model encourages students to develop various important skills 
such as critical thinking, creativity, and speaking ability (Febiyanti et al., 2020; Suwardi, 2021).  

Guided inquiry learning puts students at the center of the learning process, encouraging them 
to ask questions, explore, and find their answers, which in turn can increase their engagement and 
motivation in learning. Thus, the integration of PBL and guided inquiry learning in the education 
curriculum can result in more comprehensive and meaningful learning for students, which focuses not 
only on theoretical aspects but also on developing practical skills relevant to their daily lives. 

Conclusion 

Based on the results of the preliminary studies that have been conducted, there are limitations 
in students' problem-solving skills or abilities. Problem-solving-oriented learning, context-based and 
engagement learning, and active and collaborative learning can be a consideration for teachers. 
Optimization of problem-solving abilities can be done by implementing Problem-based learning or 
guided inquiry learning models. This study has several limitations that need to be considered. Firstly, 
the sample size used in this study is relatively small, which is only 23 students. This has an impact on 
the accuracy and confidence level of the description of students' problem-solving skills in general. In 
addition, this study was only conducted in one high school in Yogyakarta, Indonesia, so the results 
cannot be generalized to a wider context or other schools with different characteristics. Future research 
should consider several aspects to overcome the limitations mentioned. First, increasing the sample 
size and involving more schools from different regions will increase the representativeness and 
generalisability of the results. 
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