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Context of study and statement of the problem 

In the PISA report 2018 (OECD, 2020) for student performances in science, Indonesian 

students performed the worst out of 79 nations, which may indicate that most Indonesian students 

struggle to understand scientific notion during the learning process. Numerous studies (e.g., Arslan 

et al., 2012a; Keeley, 2012; Mubarokah et al., 2018; Samsudin et al., 2021; Soeharto, Csapó, et 

al., 2019; Soeharto & Csapó, 2021, 2022a) have demonstrated the connection between scientific 

misconceptions and student academic achievement and how they affect student learning activity 

in science Hence, it stands to reason that if students struggle to understand a particular scientific 

subject, they will likely struggle in the future or during the learning process, which will lead to 

poor science achievement. 

Through classroom instruction and outside learning, students build their knowledge. 

Students have prior knowledge, abilities, and experience that shape their initial notions in scientific 

learning before engaging in a learning activity at school. Although this condition still exists after 

the science learning activity is completed, these initial conceptions may be in conflict with 

scientific concepts, called misconceptions in science (Eshach et al., 2018; Köse, 2004; Stefanidou 

et al., 2019). Various studies had been conducted to determine the different science-learning ideas 

that cause student misconceptions in science. Soeharto et al. (2019) also discovered 111 articles 

from 2015 to 2019 that focused on student misconceptions in science. Wandersee et al. (1994) 

analyzed 103 studies related to misconceptions, Gurel et al. (2015) discovered 273 articles about 

misconceptions, and Wandersee et al. (Wandersee et al., 1994) examined 103 studies related to 

misconceptions. There are three publications (Fajarini et al., 2018; Fariyani et al., 2017; Ratnasari 

& Suparmi, 2017) that talk about detecting student misconceptions in Indonesia and how this 

relates to the dearth of research issues in the country's field of scientific education. However, these 

recent Indonesian publications mainly focused on identifying student misconceptions in a single 

science concept, such as global warming, optics, or heat, and there is no instrument now being 

developed from science ideas dispersing student misunderstanding in learning science. There is 

also lack of evidence how is the pattern of misconceptions in sciences and how are students’ ability 

in solving science concepts. Therefore, there is a need to investigate Indonesian students’ 

misconceptions in science with various background factors such as gender and grade levels.  

In Indonesia, the 2013 Indonesian core curriculum included thinking skills (Hasan, 2013; 

Prastowo & Fitriyaningsih, 2020). The learning material was created to link to the fundamental 

competencies in several disciplines in the three primary domains of attitude, skills, and knowledge 

supported by this curriculum (Hasan, 2013). This curriculum has a significant issue with evaluation 

practices, particularly when assessing attitude. It was challenging to adjust the attitude assessment 

to the setting of the classroom because it was brand-new. According to Badaruddin & Hawi (2022), 

the majority of teachers expressed frustration over how challenging it was to gauge student 

attitudes and that their knowledge of the best methods and evaluation tools was still lacking. 

However, it was simple to evaluate knowledge and abilities (Natsir et al., 2018). The teacher may 

use a variety of learning models on various resources and subjects to improve students' thinking 

skills (Prastowo & Fitriyaningsih, 2020). The inductive reasoning test has been used in the general 

basic skills knowledge test when applying for positions at the government and corporate levels, 

despite the fact that it is not taught and trained explicitly in schools. Limited data and studies were 

related to inductive reasoning in classrooms and even in institutes of higher learning. Therefore, 

there is a need to perform an evaluation of Indonesian student inductive reasoning to be a pioneer 

for assessment of inductive reasoning in Indonesia.  



Consequently, evaluation of student misconceptions in science and inductive reasoning 

skills in Indonesian context are topics that can be a foundation for further researches in educational 

area. In this research, The Rasch measurement mainly use to perform objective measurement 

because it can be useed to validate instrument, investigate items and examine person ability and 

interaction. The Rasch measurement approach is a widely used statistical method in the 

educational field, particularly in the area of educational assessment (Masters, 1982; Soeharto, 

2021; Soeharto & Csapó, 2022b; Sukarelawan et al., 2021). However, despite its widespread use 

in the educational field, the Rasch measurement approach is relatively rarely applied in developing 

measurement instruments in Indonesian context. Rasch measurement approach is based on the idea 

that measurement should be based on the concept of equal intervals, meaning that the difference 

between any two scores should have the same meaning, regardless of the specific values of those 

scores (Bond & Fox, 2015; Boone et al., 2014).  

Indonesia implemented the 2013 curriculum for more than 10 years. This curriculum focus 

on three domains namely attitude, skills, and knowledge. However, there is no specific assessment 

to identify students’ misconceptions in science and inductive reasoning skills. Whereas these both 

construct is important in guiding students’ achievement in academic and work field. To start the 

investigation of students' ability to understand science concepts and inductive reasoning skills 

before investigating the structural model or causal relationship stage. There is a need of assessment 

in comprehensive work to pioneer this research topic. 

In addition, the literature review conducted by Soeharto et al. (2019) have confirmed that 

topics of physics, chemistry, and biology subject in science were distributing misconception for 

the student in Indonesia from 111 published studied reviewed. However, only four studies that 

measuring misconception. The studies of inductive reasoning in Indonesian context are also 

limited in schools and higher education context (Istikomah et al., 2017; Siswono et al., 2020). 

Furthermore, the inductive reasoning test has been used in the general basic skills knowledge test 

when applying for jobs at the government and company levels, even though inductive reasoning 

is not explicitly taught and studied in schools. Therefore, there is a need to do assessment to 

identify student misconceptions in science and inductive reasoning skills in Indonesian context.  

 

The structure of a dissertation 

This dissertation is composed based on two cross sectional studies from pilot and main 

study with five different published studies in the assessment topic of student misconceptions in 

science and inductive reasoning skills (Soeharto, 2021; Soeharto et al., 2019; Soeharto & Csapó, 

2021, 2022b, 2022a).  The dissertation consists of five different chapters. Chapter one is the 

introduction which consist of the study context, statement of the problem and organization of 

dissertation. Chapter two is a review literature on studies related to the research topic in this 

dissertation. The main focus was on assessment of student misconception in sciences and inductive 

reasoning skills in Indonesian context. Chapter three focus on study aims, research question, 

structure of empirical studies, and the methodology section was used in the empirical studies which 

focus on design, sampling procedure, data collection, data analysis, instrument and validation. 

Chapter four presents four empirical studies in this dissertation. The systematic review of students’ 

common misconceptions in science and its’ diagnostic assessment tools was included in chapter 

two. This systematic literature review focuses on initial investigation of topics in science causing 

student misconception and what kind of instruments used in previous studies. The first empirical 

study is the evaluation and development of students’ misconception using diagnostic assessment 

in science across school grades. This study actually a pilot study as an initial stage in developing 



two-tier multiple choice test in measuring student misconceptions in science. Study two is the 

evaluating item difficulty patterns for assessing student misconceptions in science across physics, 

chemistry, and biology concepts. This study focuses in investigating item difficulty patterns across 

the science subject using Rasch measurement approach.  Study three is an investigation of 

Indonesian student misconceptions in science concepts in specific using Rasch measurement 

approach. The last study, study four is a comprehensive assessment of Indonesian inductive 

reasoning skills and validation of inductive reasoning test using Rasch measurement approach. 

 

Methods, objectives and empirical studies 

Cross-sectional studies are a type of research design that is employed in academic studies 

to collect data at one moment in time and examine the relationships between various variables 

(Creswell & Creswell, 2017; Leedy & Ormrod, 2005). The design is employed to spot patterns or 

trends in data or to try theories regarding the frequency of particular traits in a population (Merriam 

& Tisdell, 2015). Examining various aspects of misconceptions in science, such as such as 

exploring students’ understanding, measuring item difficulty level and assessing inductive 

reasoning skills, can be done using cross-sectional studies (Soeharto & Csapó, 2021, 2022a, 

2022c). 

In this dissertation, researchers gather information from a representative sample of 

participants during a cross-sectional study at a particular moment. The sample is chosen to 

guarantee that it accurately reflects the traits of the target community (Yin, 2018). To make sure 

the sample is representative, different sampling methods can be used, such as stratified sampling 

or random sampling (Creswell & Creswell, 2017; Leedy & Ormrod, 2005). The sample number 

should be sufficient to guarantee statistical power and the validity of the findings (Merriam & 

Tisdell, 2015). Table 1 illustrates the cross-sectional studies that had been conducted in this 

dissertation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 1. Cross-sectional studies from pilot and main study in this dissertation. 

Timeline Main objective Instrument Sample 

May to June 2019 

(pilot study) 

1. Conducting pilot study 

2. Checking the psychometric 

properties of the developed 

instrument  

3. Examining student misconceptions 

in science learning 

4. identifying background factors 

affecting student misconceptions in 

the learning context. 

1. Background 

questionnaire 

2. The two-tier 

multiple-choice 

test 

 

10th, 11th, 

and 12th 

N =152 

 

September – June 

2021 (main 

study) 

1. Investigating item difficulty 

patterns 

2. Evaluating item–person map 

interaction 

3. Checking the DIF based on gender 

and grade across science disciplines 

1. Background 

questionnaire 

2. The two-tier 

multiple-choice 

test 

3. IR Test 

 

10th, 11th, 

12th 

and PST 

N =856 

 

September – June 

2021 (main 

study) 

1. Investigating student 

misconceptions in science concepts 

across school grades 

2. examining student–item interaction 

regarding science concepts 

3. detecting outliers in student 

misconceptions 

4. predicting background factors that 

influence students’ misconception 

in sciences 

1. Background 

questionnaire 

2. The two-tier 

multiple-choice 

test 

3. IR Test 

 

10th, 11th, 

12th 

and PST 

N =856 

 

September – June 

2021 (main 

study) 

1. Assessing the adapted Indonesian 

version of the inductive reasoning 

test  

2. Classifying their inductive 

reasoning levels in accordance with 

grade and gender. 

1. Background 

questionnaire 

2. The two-tier 

multiple-choice 

test 

3. IR Test 

10th, 11th, 

12th 

and PST 

N =856 

 

 

Study 1: Evaluation and development of students’ misconceptions using diagnostic 

assessment in science across school grades: A Rasch measurement approach. 

We analyzed the psychometric properties of the developed instrument based on Rasch 

measurement model. WINSTEPS run the analysis based on the Joint Maximum Likelihood 

Estimation (JMLE) equations; in this formulation, the raw data were converted to interval data 

(logit) (Linacre, 1998, 2020). The mean measure (logit) of the items is 0.00, and the standard 

deviation (SD) is relatively high (1.84), which means that the variation or dispersion of item 

measurement in terms of item difficulty was wide across the logit scale. The mean measure was 

0.75 logit for students, indicating all respondents tended to be strongly involved in misconception 

in science, but the person SD was 0.87, almost achieving 1, showing person variation is ideal for 

data analysis. The mean OUTFIT mean-square and The average outfit z-standardized (ZSTD) was 



acceptable (ranging from -2 to +2), and outfit mean-square (MNSQ) statistics are 0.96, which is 

near their expected value of 1 for item and student, and the chi-squared score showing the data 

achieve the normal distribution criteria and Rasch model fits globally (Boone et al., 2013; 

Engelhard Jr, 2013; Linacre, 2020).  The reliability is calculated based on item internal consistency 

using Cronbach’s alpha value for all items and based on the item and person reliability parameter 

in Rasch measurement. Cronbach alpha for the whole item was 0.8 that indicated high internal 

consistency reliability (Taber, 2018). The reliability parameter in Rasch measurement was 0.76 

and 0.97  for person and item statistics representing good reliability (more than 0.67) (Fisher, 

2007).. Therefore, we can conclude that the developed two-tier multiple-choice used in this study 

is valid and reliable. 

Person ability measure describes the student ability in answering items on the test. Person 

ability in this study ranging from -2.11 logit to 2.43 (M = 0.75, SD = 1). We categorized person 

ability into 4 types on logit value of item (LVI) based on Sumintono & Widhiarso (2014), low 

misconception 16.33% (2.43 <LVI <1.75), moderate misconception 49.01% (0.75 <LVI <1.75), 

high misconception 14.37% (0.75 < LVI <- 0.25), and very high misconception 20.26% (-0.25 

<LVI <- 2.11). Overall, 37% of students answered incorrectly, which shows that students have 

misconceptions on the basic concepts in science learning. Misconceptions in each subject in 

science were also checked based on the percentage of students' incorrect answers to see how the 

misconceptions were distributed based on the science subjects, physics (33.4%), biology (35.22%), 

and chemistry (47.97%). 

DIF analysis was conducted to check whether there were items bias based on gender. DIF 

analysis (Figure 2) shows that the items PHY1 and CHEM32 have DIF bias in the moderate to 

large category. These two items was also misfit item. Items PHY1 and CHEM32 explained that 

these two items were more difficult for boys than girls to answer correctly.  

 



Figure 2. DIF based on gender. 

ANOVA was conducted to determine the comparison of student misconceptions across 

school grades of student misconceptions in science on the test and subtest. The analysis showed 

that there were significant differences between school grades which confirmed student 

misconception test and subtest score across four cohorts with the Physics subtest [F (2, 152) = 

6.35, p <.01], Biology subtest [F (2, 152) = 7.84, p <.01], Chemistry subtest [F ((2, 152) = 5.06, p 

<.01], The entire test [F (2, 152) = 10.93, p <.01]. Because the equal variances are not assumed, 

we ran Dunnett T3-test to identify specific differences between the school grades in Table 5. 

Dunnett T3-test was utilized when comparing one group to other groups. Dunnett T3-test is the 

most powerful ANOVA post-hoc tests than others. Overall, the entire test's significant differences 

were found for all school grade pairs, except for the differences in all subtests (Physics, Biology, 

and Chemistry), which showed that the 10th-grade students had a higher mean score of 

misconceptions than the 11th-grade students on the subtest and the entire test.  

Table 1. The Dunnett-T3 multiple comparisons of student misconception on school grades. 

Grade 

Physics  Biology  Chemistry  Test  
Mean 

differences 
p 

Mean 

differences 
p 

Mean 

differences 
p 

Mean 

differences 
p 

10th  & 11th 0.58 .54 0.06 .99 0.30 .72 0.93 .56 

10th  & 12th -1.35 .06 -1.31* .01 -0.82 .07 -3.61* .00 

11th  & 12th -1.94* .00 -1.38* .00 1.13* .01 -4.55* .00 

 

No significant differences were found in the test and whole grade school level (p> .05). This 

also indicates that each cohort is not different between girls and boys. Boys (48%) and girls (47%) 

suffered from high misconceptions in chemistry subject. However, overall, boys and girls had the 

same or equivalent percentage of misconceptions, and no significant differences were found based 

on the t-test conducted on all science subjects. These results were in line with the study about 

student misconceptions in science on gender subgroups (Taslidere, 2016; Treagust, 1988; Tsui & 

Treagust, 2010). 

To explore how other factors predict student misconceptions in science, we ran the stepwise 

multiple regression with school category, school grade, father education, mother education, school 

performance as predictors. The analysis result showed that only school grade predictor could 

significantly explain 25.2% of the variance on student misconception mean scores, F (152) = 

10.208, p <.01. These results indicated that grade school is an essential factor in developing student 

misconceptions in learning science at senior high school. 

 

Study 2: Evaluating item difficulty patterns for assessing student misconceptions in science 

across Physics, Chemistry, and Biology concepts 

In this study we focus on item investigation using larger sample size. We calculated the 

standard deviation (SD) and the mean of average item difficulty measure for each of the three 

science disciplines, that is, physics, biology, and chemistry, using item difficulty estimates or logits 

of items. The mean of items in biology was placed as the easiest on the basis of the mean of item 

difficulties. Additionally, we also calculated the item difficulty estimates (measure) on the basis 

of the 16 science concepts as shown in Table 5 in this study. When comparing item difficulty for 

each concept, the redox reaction (CHEM 32) with 5.06 logits was the most challenging item to 

solve among all of the items in chemistry, and kinetic energy (PHY1) with −5.13 logits was the 

easiest item among all of the items in physics.  



A two-way Analysis of Variance (ANOVA) was used to analyze the effect of science 

concepts and science discipline on item difficulty estimates based on logits. The 2 × 2 ANOVA 

group in this study achieved the assumption of homogeneity variances based on Levene’s test (p 

> 0.05). To validate the normality data assumption, the Kolmogorov–Smirnov test was run before 

conducting the two-way ANOVA. The results showed that the item difficulty estimates did not 

differ significantly from normality (p > 0.05) with kurtosis (2.21) and skewness (−0.14). 

 

 
Figure 3. Item difficulty patterns between science concepts and across science disciplines. 

 

The results showed a significant effect of science concepts on item difficulty estimates with 

a large effect size, F(13) = 4.76, p < 0.0. Also, the interaction effect of science disciplines and 

science concepts showed a significant effect on item difficulty estimates F(15) = 4.59, p < 0.0. 

However, the difference of item difficulties estimates among science disciplines was found to be 

insignificant, F(2) = 1.30, p > 0.05. To visualize the item difficulty pattern from each concept 

among disciplines, we calculated the mean of item difficulty pattern for each concept in Figure 4 

.Both the science concepts and science disciplines can explain 81% of the variance on item 

difficulty estimates. To sum up, these findings indicated that the item difficulties pattern varies 

across science concepts, although there are no significant mean differences of item difficulties 

among disciplines. 



 
Figure 4. The mean of item difficulty estimates based on science concepts. 

 

DIF analysis was performed to assess differences in item function on the basis of gender 

and grade on all items in test. Overall, items do not have DIF based on gender, except one item in 

chemistry (CHEM 32).  For DIF based on grade, we compared four different cohorts: 10th grade, 

11th grade, 12th grade, and the PST. Four items are categorized to differ based on grade: PHY1, 

PHY5, CHEM23, and CHEM32 (see Figure 5).  

 
Figure 5. DIF measure based on grade 

 

 

Study 3: Exploring Indonesian student misconceptions in science concepts. 



In this study, we focus on exploring student misconception in science concepts. Before performing 

further analysis, we screened the data for outliers, also known as ‘misfitting persons’, which refer 

to student responses that show inconsistency or indicate guesswork. Rasch analysis allows 

researchers to screen the data for misfitting persons so that the data ascertain the true ability of 

students’ scores to represent their ability to understand scientific concepts. From the dataset, we 

excluded 102 misfitting students out of 856 which involves 594 students at the senior high school 

level and 160 students at the university level. We adopted PKMAPs to obtain more detailed 

information on the need for data scaling to detect outliers before further analysis.  

The Wright map in Figure 6 illustrates the interaction between student ability and item difficulty 

based on grade. Item difficulty level is on the right side of the map, whereas student abilities based 

on four categories (10th grade, 11th grade, 12th grade and PST) are on the left side. The logit value 

determines the item’s difficulty level (Boone et al., 2013): the higher the item logit, the more 

difficult the correctly answered item, and the lower the item logit, the easier the correctly answered 

item.  

 
Figure 6. Wright item–person map based on grade levels. 

 

We performed ANOVA to compare students’ conception scores across school grades and PSTs on 

the test and subtest. No significant differences were observed between students’ understanding of 

science concepts in physics [F (3,750) = 1.83, p > .05] and chemistry [F (3,750) = 1.51, p > .05]. 

However, we found mean significant differences in the biology subtest [F (3,750) = 3.34, p < .05]. 

For the whole test, the results showed that student conception mean scores differed between grades 

[F (3,750) = 2.653, p < .05]. Because equal variances are not assumed based on Levene statistics 

(p < .05), we performed a Dunnett T3 test for post-hoc analysis to identify differences between 

cohorts, presented in Table 2. post-hoc analysis showed no significant differences with less than a 

5% probability except for the biology subtest for 10th and 11th graders (p = 0.25) and for 10th and 

12th graders, which showed substantial differences. This might indicate that student 

misconceptions are resistant to change, persistent and rooted deeply in science concepts, making 

it more difficult for higher-level students to understand science. Figure 7 shows that students at 



higher levels (PSTs) develop higher misconceptions than other cohorts; for instance, Student 272 

from the PST cohort correctly answered five of 32 items (around 15%), proving that higher-level 

students experience higher misconceptions than others. 

 

Table 2. Dunnett T3 multiple comparisons of student conceptions between senior high school 

students and prospective science teachers. 

Grade 

Physics  Biology  Chemistry  Test  

Mean 

differences 
p 

Mean 

differences 
p 

Mean 

differences 
p 

Mean 

differences 
p 

10th & 11th .52 .24 .51 .02 .19 .83 1.23 .07 

10th & 12th .62 .22 .58 .04 .19 .91 1.40 .09 

10th & PST .26 .93 .35 .37 .10 .99 .72 .69 

11th & 12th .09 .98 .07 .99 −.01 .99 .17 .99 

11th & PST −.25 .94 −.16 .96 −.09 .96 −.51 .92 

12th & PST −.35 .86 −.23 .90 −.09 .98 −.68 .56 

 

 

 
Figure 7. Comparison of student misconceptions between school grades. 

 

Study 4: Assessing Indonesian student inductive reasoning: Rasch analysis. 

The results confirmed that inductive reasoning for the reasoning test adapted for Indonesia 

achieved validity in accordance with the Rasch parameter for each task and entire test. It was 

considered that the FA task met the person separation threshold, with person separation close to 2 

logits. 

 



Table 2. The summary of Rasch parameters for inductive reasoning test and task 

Psychometrics Attribute 
Task    

IR test 
FA FS NA NS 

Number of Items 10 10 10 10 40 

Mean      

  item outfit MNSQ 0.95 0.98 1.16 1.54 1.01 

  item Infit MNSQ 1.00 0.98 0.98 .99 1.00 

  person outfit MNSQ 0.95 .98 1.16 1.13 1.01 

  person Infit MNSQ 1.00 .99 0.98 0.96 1.00 

Item separation 10.27 12.07 13.62 14.79 16.46 

Person separation 1.98 2.18 2.25 2.82 2.92 

Unidimensionality      

Raw variance by measure 30.2% 36.6% 36.1% 53.7%  

Unexplained variance 1st contrast 1.72 1.97 1.70 2.03  

 
The reliability criteria were evaluated following several indicators, including Rasch 

parameters using person and item reliability (Fisher, 2007; Linacre, 2021), Cronbach's Alpha (α) 

(Taber, 2018) and McDonald’s omega (ω) (Dunn et al., 2014). WINSTEPS software will generate 

person reliability, item reliability and Cronbach's Alpha (α), and SPSS was utilized to compute 

McDonald’s omega (ω). Cronbach's Alpha (α) values ranged from 0.61 to 0.77 for all the tasks as 

well as the entire test, thus indicating sufficient reliability (Taber, 2018),  and McDonald’s omega 

(ω) ranges from 0.54 to 0.75, thus confirming acceptable reliability was achieved for only in the 

test level with 0.75 (Dunn et al., 2014). However, for person reliability and item reliability, the 

values range from 0.68 to 1.00. Fisher (2007) noted that values more than 0.67 demonstrated 

acceptable reliability. Overall, the adapted inductive reasoning test and all its tasks exhibited 

acceptable criteria for the Rasch reliability parameter.  

DIF analysis used in this study was the uniform DIF analysis that compares all ability levels of the 

two or more groups. However, NS6 had moderate to large DIF. Furthermore, the online-based test 

was more difficult for students than the paper-based test with regard to NS6 item, with 0.94 logits 

of DIF size, p < 0.05. FS2 and FA7 were classified as having negligible DIF. The DIF analysis 

based on the test method is illustrated in Figure 8. Based on gender and grade, We can assume the 

IR test can hold invariance confirming no DIF issue across grade and gender. 

 

 



 
Figure 8. DIF analysis based on the test method 

 

The correlation matrix for all the tasks and the whole test were also evaluated. All 

correlation values were significant and ranged from 0.16 to 0.76. While the highest correlation was 

found between the FA task and inductive reasoning test (r = 0.76), the lowest correlation was 

revealed between the FS and NS tasks, even though the latter relationship was positively 

significant. This finding implied that students with a higher score on a task would achieve a higher 

score on the inductive reasoning test. The students’ abilities and correlations between the inductive 

reasoning test and tasks are summarized in Table 4. 

 

Table 4. Result of student abilities and correlation based on inductive reasoning test and tasks 

Test-subscale M (logits) SD Logit range  

(Min, Max) 

Pearson correlation     

FA FS NA NS 

FA  1.16 0.8 (-2.58, 3.97)     
FS  0.98 1.01 (-2.72, 4.31) .45** 

   

NA -0.04 0.78 (-2.76, 4.05) .36** .24** 
  

NS -1.41 0.98 (-4.25, 4.30) .17** .16** .45** 
 

IR test 0.24 0.79 (-5.41, 1.69) .76** .68** .74** .56* 

Note. N = 856 *p < .05,  **p < .001, M = Mean, SD = Standard deviation, IR = Inductive 

reasoning, FA = Figural analogies, FS = Figural series, NA = Number analogies, NS = Number 

series  
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The students’ inductive reasoning abilities were also evaluated in accordance with gender 

and grade. An examination reveals that undergraduate students outperformed students in other 

grades; M = 0.59; SD = 0.63. The 12th grade students had higher logit values (M = 0.31; SD = 

0.66) than the 10th and 11th grade students. Surprisingly, the 10th and 11th graders had the same 

logit values. Furthermore, the female students had superior performances (M = 0.28; SD = 0.88) 

in solving inductive reasoning problems in comparison to the male students.  

To depict the primary trend between gender and grade related to the development of student 

inductive reasoning, graphical packages such as the yarrr package (Phillips, 2017) and the ggplot2 

package (Wickham, 2016) were employed by using R software to create a pirate plot that combined 

the boxplot and student logit value distribution in Figure 9.  

 

 
Figure 1. Pirate plot for comparing student measure (logit) based on gender and grade 

 

In evaluating the difficulties of the inductive reasoning items, The classification in accordance 

with the LVI analysis is displayed in Table 5. 

 

 

 

 

 

 

 

 

 

 

 



Table 5. The categorisation of inductive reasoning items difficulties 

 

Task Difficulty 

level I, LVI ≥  

Mean logit + 

2SD 

Difficulty level 

II, Mean logit + 

2SD > LVI ≥ 

1SD 

Difficulty level 

III, 1SD > LVI 

≥ Mean logit 

Difficulty level 

IV, Mean logit 

> LVI ≥  -1SD 

Difficulty level 

V,  LVI < -1SD 

FA 
  

FA4, FA5,  FA1, FA2, 

FA6, FA7, 

FA8, FA9, 

FA10 

FA3 

FS 
  

FS9 FS1, FS2,FS5, 

FS6, FS7, FS8, 

FS10 

FS3, FS4 

NA 
 

NA6 NA5,NA7, 

NA8, NA9, 

NA10 

NA1, NA2, 

NA3, NA4 

 

NS NS6, NS8 NS5, NS7, NS9, 

NS10 

  NS1, NS2, 

NS3, NS4 

  

The results of LVP analysis, which resulted in four categories in relation to gender and grade are 

also presented in Table 6. 

 

Table 6.  The categorisation of student inductive reasoning abilities 

 

Demographics Very high, 

LVP > Mean 

Logit + 2SD 

High, Mean 

Logit + 2SD ≥  

LVP > Mean 

Logit 

Moderate, Mean 

Logit ≥ LVP >  

Mean Logit - 2SD 

Low, LVP 

< Mean 

Logit - 

2SD 

Gender 
    

  Female 10 237 191 10 

  Male 3 202 184 19 

  Total 13 439 375 29      

  10th grade  2 102 114 13 

  11th grade 6 122 147 16 

  12th grade 2 74 77 0 

  Undergraduate student 3 141 37 0 

  Total 13 439 375 29 

 

 
 

 

 



Conclusions, recommendations, limitations 

This dissertation includes two cross-sectional studies from pilot and main study with five 

published studies, one systematic literature review and four empirical study.  In the first study in 

Chapter 2 is systematic review that was conducted on how often students have misconceptions 

about science was used to inform some findings. These findings included the different instruments 

used to find these misconceptions, the subjects on which students frequently have misconceptions, 

and the benefits and drawbacks of each test instrument. Some test instruments are used in 

combination to generate insightful results that can be used to support accurate interpretations of 

student misconceptions. Both written and oral tools have benefits and drawbacks. The technique 

of analysis can be strengthened by performing an integrated combination and by removing any 

flaws in a single instrument. Most researchers prefer simple multiple-choice tests (32.23%) and 

multiple tier tests (33.06%). According to study 1, researchers discovered that biology, chemistry, 

and physics subjects frequently lead to misconceptions among students. Biology had 15 concepts, 

chemistry had 12 concepts, and physics had 33 concepts. The systematic review provided evidence 

that the nature of misconception is resistant and tenacious to change, which poses a challenge for 

the advancement of scientific knowledge in the future. Those who wish to conduct study or teach 

with these tools must take great care to employ the appropriate techniques. Study 1 recommends 

three main steps before conducting research on misconceptions, including (1) examining the idea 

that typically causes misconceptions in students, (2) selecting a diagnostic tool based on benefits 

and drawbacks, (3) using combination two or more instrument to enhance research quality. 

After conducting systematic literature review, the investigation of instrument validity and 

reliability was measure in first empirical study (Study 1) as pilot study, and study 2 as main study 

with larger sample size performed to invest item difficulty pattern. Student misconceptions in 

science evaluation is presented in Study 3.  Pilot study in study 2 confirmed that all the items in 

the developed instrument are valid and reliable covering student ability based on item-person. The 

ANOVA test have verified that there are significant differences between science concepts across 

science disciplines and school grades whereby grade school predicted student misconception in 

science based on stepwise multiple regression. Independent sample t-test verified that no 

significant difference was found between boys and girls. Study 2 explores Evaluating item 

difficulty patterns for assessing student misconceptions in science across science subjects with 

larger sample size. Study 2 confirms that all items in the developed two-tier multiple choices 

diagnostic test meet the valid and reliable criteria. The item difficulty level of items on various 

science concepts is not universally based on science topics, but they are connected or similar across 

science disciplines, especially in physics, biology, and chemistry. Researchers also found items in 

the science concept may have different difficulty levels based on gender and grade. An empirical 

study of students’ misconception in science was presented in Study 3. Study 3 confirmed 

significant differences in student conception mean scores between all cohorts; however, post-hoc 

analysis for ANOVA results evinced that differences were present only among 10th and 11th 

graders, and 10th and 12th graders in the biology subtest. In addition, the independent-sample t-

test results confirmed that boys’ and girls’ mean scores were significantly different in that the 

former had higher mean scores than the latter, which demonstrated that boys tend to demonstrate 

better comprehension of science concepts and can solve science problems better than girls.  

Lastly, Study 4 informed the findings in assessing student inductive reasoning 

comprehensively using Rasch measurement approach. The adapted inductive reasoning test was 

shown to be valid and reliable in Indonesia and other countries, thus indicating this instrument can 

be employed in a wide range of cultural contexts. The items in the test are free of bias and only 



NS6 had a moderate to large DIF. Even though females outperformed males in relation to inductive 

reasoning abilities, no significant gender differences were found among the grades. Significant 

differences were found among all the groups, with the exception of the 10th and 11th grades. The 

classification of the difficulty of items revealed a wide range of difficulty levels, where numeric 

items were more difficult than figural items. Most of the students were classified as having high 

or moderate abilities. in general, findings in this study provided initial information related to 

Indonesian students’ inductive reasoning ability.  

 

Educational implication 

. The results from this research can be used as foundation to develop student misconception 

in science and inductive reasoning in Indonesian curriculum whereby misconception tests can be 

used to evaluate student understanding, and the inductive reasoning test was often used for 

entrance test in higher education level and job carrier. 

  

Recommendations 

General recommendations based on series empirical studies in this dissertation presented as below: 

1. Teachers or educators have to aware what kind of topics distributing misconceptions in 

science subject. Therefore, they can improve the student understanding about science 

concept and science achievement. 

2. Screening for student understanding in the end of learning activity was needed using proper 

instrument, we recommended teachers can use the two-tier multiple choice diagnostics test 

to identify student knowledge and reasoning in a particular science concept. 

3. For future researchers, pilot study as study 2 need to conducted before main study in study 

3 and study 4 to confirm instrument validity and reliability in instrument development 

stage. 

4. Future researchers can map the overall item difficulty level of whole science concepts.  

5. Time series data collection or longitudinal research design must be added to explore 

whether there is a change of item difficulty level with the racking method in the Rasch 

measurement. Racking analysis allows researchers to evaluate whether there is a change in 

the difficulty level of the item on the different testing times sequentially.  

6. The investigation of the relations between students’ science misconceptions and thinking 

skills such as inductive reasoning and science reasoning is needed using The complex 

model using Structural Equation Modelling (SEM), not only assessing separately.  

7. Future studies to mapping students’ inductive reasoning needs to conduct using a 

longitudinal research design and include mixed methods. 

Limitations 

Some limitations based on series empirical studies in this dissertation presented as below: 

1. Researchers did not develop items based on all scientific concepts studied in Indonesia. 

Items selected are based on concepts that distribute misconceptions in the previous research 

(Allen, 2014; American Association for the Advancement of Science (AAAS), 2012; 

Csapó, 1998; Soeharto, Csapó, et al., 2019). 

2. All respondents were from West Kalimantan, one of the provinces in Indonesia, one must 

exercise caution in generalizing the results to all Indonesian students, although the Rasch 

analysis have demonstrated that the samples hold local independence. 

3. Studies in this dissertation performed quantitative analysis only; a mix of quantitative and 

qualitative methods may provide more meaningful insights. 
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