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A B S T R A K 

Perbedaan konsepsi belajar tergantung pada pengalaman belajar kimia 
yang dirasakan peserta didik. Perbedaan ini semakin tampak ketika 
peserta didik harus menjalani pembelajaran jarak jauh dikarenakan 
pandemi. Untuk mengukur perbedaan tersebut, instrumen konsepsi 
belajar kimia yang terdiri dari 24 item dengan skala likert dikembangkan 
dan divalidasi oleh para ahli secara konstruk serta secara empiris 
dengan menerapkan analisis model Rasch menggunakan software 
WINSTEPS® (versi 3.73). Tujuan penelitian ini yaitu mengembangkan 
instrumen konsepsi belajar yang spesifik mengukur konsepsi belajar 
kimia. Jenis penelitian ini yaitu pengembangan. Populasi penelitian ini 
sejumlah 247 siswa sekolah menengah atas. Metode yang digunakan 
untuk mengumpulkan data yaitu survei. Instrument yang digunakan untuk 
mengumpulkan data yaitu kuesioner. Kualitas psikometrik kuesioner 
yang dianalisis meliputi reliabilitas, statistik kesesuaian item, 
penggunaan skala penilaian, dan bias item terhadap gender (Differential 
Item Functioning (DIF)).  Teknik yang digunakan untuk menganalisis data 
yaitu analisis deskriptif kualitatif dan kuantitatif.  Hasil penelitian 
menunjukkan bahwa model Rasch cocok dengan data pengukuran 
meliputi reliabilitas person dan item (>0,8). Sembilan belas item 
memenuhi nilai penerimaan untuk statistik kesesuaian item. Selain itu, 
kategori pada skala berfungsi dengan baik dan bebas dari 
ketidakteraturan dari nilai Andrich-Threshold. 2 dari 4 item bias gender 
kemudian dipertahankan dengan merevisi kuesioner. Disimpulkan bahwa 
instrumen valid dan dapat digunakan untuk mengukur konsepsi belajar 
kimia. 

A B S T R A C T 

Different conceptions of learning depend on the chemistry learning experience felt by students. This 
difference is increasingly visible when students undergo distance learning due to the pandemic. The 
conceptualization of a chemistry learning instrument consisting of 24 items with a Likert scale was 
developed and validated by experts in a constructivist and empirical manner by applying the Rasch 
model analysis using the WINSTEPS® software (version 3.73). This research aims to develop a 
learning conception instrument that explicitly measures the conception of chemistry learning. This type 
of research is development. The population of this study was 247 high school students. The method 
used to collect data is a survey. The instrument used to collect data is a questionnaire. The 
psychometric quality of the questionnaires analyzed included reliability, item suitability statistics, use of 
rating scales, and item bias towards gender (Differential Item Functioning (DIF)). The technique used 
to analyze the data is descriptive qualitative, and quantitative analysis. The results showed that the 
Rasch model fits the measurement data, including the person and item reliability (> 0.8). Nineteen 
items met the acceptance scores for the item suitability statistic. In addition, the categories on the 
scale function well and are free from irregularities from the Andrich-Threshold value. 2 of the 4 gender-
biased items were then maintained by revising the questionnaire. It was concluded that the instrument 
was valid and could be used to measure the concept of chemistry learning. 
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1. INTRODUCTION 

 Learning during the pandemic has become a challenge for various parties, including the school's 
organizers, the government, parents, and students. Schools must continue carrying out distance learning 
with adequate use of technology by teachers and students (Fadhilaturrahm et al., 2021; Wijayanti & 
Fauziah, 2020). The government has made good efforts to provide infrastructure to support distance 
learning (Churiyah et al., 2020; Fadhilaturrahm et al., 2021; Sa’diyah, 2021). The Ministry of Education 
and Culture provides 23 online learning pages such as Rumah Belajar, TV Edukasi, etc. However, KPAI 
(Komisi Perlindungan Anak Indonesia) reports that many students experience stress during distance 
learning due to too many learning assignments given by the teacher. This condition provides an overview 
of distance learning in all subjects, including chemistry. Chemistry is considered one of the difficult and 
abstract subjects that creates fear for students in learning (Refriwati, 2015; Zammiluni et al., 2018). It is 
exacerbated by the negative stigma against chemistry which states that chemistry is dangerous and 
difficult (Ardura & Pérez-Bitrián, 2018; Kartikawati & Azizah, 2017). This difference in perception affects 
students' perspective in learning chemistry, which is known as the concept of learning. Conception is an 
individual's response to something based on a different learning experience. Differences in experience 
during learning can lead to different perspectives on student learning so that the understanding they have 
is also different (Ananda & Fadhilaturrahmi, 2018; Mansur & Rafiudin, 2020; Wahyuningtyas & 
Sulasmono, 2020). The conception of learning refers to students' views of their personal experiences and 
learning contexts (Koopman et al., 2011; O’Keefe et al., 2021). Research on the conception of learning was 
initiated and recognized as the initial foundation by Saljo in 1979 by interviewing 90 students about the 
meaning of learning for them (Lee et al., 2008; Tsai et al., 2011). The conception of student learning can be 
classified into two types of conception, namely reproductive and constructivist conceptions. This means 
that learners with reproductive conceptions perceive simply learning science as knowledge used to 
achieve higher test scores. On the other hand, students with constructivist conceptions believe that 
studying science makes them better understand science concepts to get a more valuable meaning in life. 
Tsai's theory was then updated by categorizing the conception of learning into low and high categories 
with six aspects (Lee et al., 2008; Sobri et al., 2020). Low-level conceptions include memorizing, testing, 
counting, and practicing. On the other hand, higher-order conceptions include increasing knowledge, 
applying it, understanding it, and seeing it in new ways. A study of high school students in Indonesia in 
science subjects found that students dominantly owned the low-level conception of learning. The aspect of 
remembering was considered the basis that needed to be possessed to master the higher aspects 
(Rachmatullah et al., 2018). This habit needs to be corrected by bringing the concept of learning to a 
higher level and not only limited to learning science. This is because learning is a hierarchical system; the 
higher a person's conception of learning, the greater the tendency to have an in-depth approach to 
learning (Marton et al., 1993; Zheng et al., 2018). 

The Rasch model is considered an effective, reliable, and modern approach to assessing the 
validity and reliability of scales used in various scientific fields (Sari et al., 2016; Spinou et al., 2019). 
Rasch model is the most commonly applied model concerning the relationship between item difficulty and 
respondent's ability (Spinou et al., 2019). Analysis using the Rasch model has been widely used to 
determine the psychometric properties of measuring scales of instruments such as the Self-Efficacy 
Teaching and Knowledge Instrument for Science Teachers, quality of Teacher Success questionnaire, 
Evaluating the Quality of Teaching for Students' Creativity, and many other relevant studies that indicate 
the use of the Rasch model is a trending study among researchers (Bui et al., 2020; Pruski et al., 2017; 
Tabatabaee-Yazdi et al., 2018). Previous research has investigated students' conceptions of science 
learning  (Lin et al., 2015; Sadi, 2015; Sadi & Çevik, 2016; Sadi & Lee, 2017). Other research findings also 
found that there are differences in students' conceptions of learning science in different subjects, so the 
measurements must be carried out specifically in each subject, such as chemistry, biology, and physics 
(Chiou et al., 2012; Lee et al., 2008). If we want to understand students' conceptions of biology learning, 
the instrument must only focus on biology (Sadi & Lee, 2017). Chemistry subjects that are considered 
difficult and abstract need more attention to map the learning conceptions possessed by students 
(Refriwati, 2015; Zammiluni et al., 2018). This aims to prepare appropriate methods and strategies for 
learning, both remotely and face-to-face, to improve the learning conception of secondary school students 
to a higher level. Therefore, there is a need for research to develop learning conception instruments that 
specifically measure students' chemistry learning conceptions during learning during the pandemic that is 
valid and ready to be used. There is no research study on learning conception instruments that specifically 
measure the conception of chemistry learning. This research aims to develop a learning conception 
instrument that specifically measures the conception of chemistry learning. It is hoped that this 
instrument can assist teachers in measuring the conception of chemistry learning in students.  
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2. METHODS 

 This research is part of development research that focuses on determining the quality of the 
instruments developed before use. Qualitative and quantitative methods were used to determine the 
quality. The qualitative method in question is the synthesis of instruments by modifying the instrument as 
a form of development of the instruments that have been developed (Soltani & Askarizadeh, 2021; Zheng 
et al., 2018). An instrument in the form of a questionnaire was developed specifically to measure students' 
learning conceptions in learning chemistry during learning during a pandemic. The questionnaire consists 
of 24 items using five categories of the Likert scale (strongly disagree, disagree, neutral, agree, strongly 
agree) with six dimensions or aspects, namely memorizing (KP29, KP30, KP31, & KP32), testing (KP33, 
KP34, KP35, & KP36), counting and practicing (KP37, KP38, KP39, & KP40), increasing knowledge (KP41, 
KP42, KP43, & KP44), applying (KP45, KP46, KP47, & KP48), and understanding knowledge and seeing 
chemistry in a new way (KP49, KP50, KP51, & KP52). Furthermore, the qualitative method was also 
applied to validate the instrument construct based on consultation with two Yogyakarta University 
lecturers regarding the instrument that had been developed. This validation is carried out by involving 
validators who are experts in their fields to obtain both scientific and content instruments (Widyaningsih 
& Yusuf, 2018). Meanwhile, quantitative methods were applied to the analysis of the psychometric quality 
of the instrument to determine to construct validity and item reliability using Rasch analysis. The 
psychometric qualities of the questionnaire measured included reliability, item suitability statistics (Infit 
& Outfit values and Point-Measure Correlation Coefficient (PTMEA Corr), the functionality of the scale 
category, and item bias (Differential Item Functioning (DIF)) were analyzed using the Winsteps 
application version 3.73 (Linacre, 2009). 

The research data was collected using an online survey via a google form. Researchers spread an 
online questionnaire link through chemistry subject teachers at schools, then distributed it to students. 
Students fill out questionnaires voluntarily without coercion from researchers or subject teachers. 247 
high school students in Padang City for the 2021/2022 academic year participated in this study to see 
their perspective on the developed learning conception instrument. They consisted of 78 males and 169 
females from various classes, namely ten, eleven, and twelve, with the distribution according to Table 1. 
The technique used to analyze the data was descriptive qualitative, and quantitative analysis. 
 
Table 1. Demographic profile of respondents 

 Category Frequency Percentage (&) 

School 
State 181 73 

Private 66 27 

Gender 
Man 78 32 

Woman 169 68 

Class 
X 145 59 
XI 20 8 
XII 82 33 

 

3. RESULTS AND DICCUSSION 

Results  
At the development stage, a chemistry learning conception questionnaire consisting of 24 items 

(KP29 – KP52) was generated with positive statements. Based on input and corrections from 
experts/experts, the questionnaire was revised by replacing six with negative statements. The 
questionnaire totaled 18 positive statements and six negative statements (KP31, KP35, KP40, KP44, KP47, 
and KP50). For example, item KP31 is "I learn chemistry not by memorizing what the teacher teaches.” 
The constructively valid questionnaire was based on expert/expert correction, then empirical validity was 
tested using Rasch analysis to determine the quality of the instrument. Based on the results of data 
analysis, it is known that the average value of the logit person and item is positive, namely the logit person 
(respondent) value of 0.77 with a standard deviation of 0.73. The respondent has an average ability above 
the average item difficulty. Meanwhile, the item has a logit value of 0.00 and a standard deviation of 0.42, 
indicating that the item has a standard level of difficulty. Person reliability (0.83) is in the good category 
(good), and item reliability (0.96) is in the excellent category. In the Rasch model, the reliability value 
ranges from 0 to 1. If the value is below 0.5, it means that it can be said to be unreliable or unacceptable 
reliability; 0.5-0.67 (poor); 0.67-0.80 (enough); 0.81-0.90 (good); 0.91-0.94 (very good); and above 0.94 
(excellent) (Fisher, 2007). The reliability results can also be seen from the Cronbach alpha value (0.88) 
with the good category. These results indicate similarities between the two methods of measuring 
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reliability in the Rasch analysis, which generally describes the interaction between the person and the 
items of the conception of chemistry learning. As indicated by the separation score, the grouping of 
persons and items has a score of 2.24 with a good category for the person and 5.00 for items categorized 
as very good. This score indicates that the items on the instrument can very well separate or group 
respondents based on the level of conception of learning chemistry. Meanwhile, the score of separation or 
respondents showed that the respondents involved in this study were heterogeneous from five groups 
with different levels of conception. The results of the next analysis are item suitability statistics that 
provide an overview of the level of difficulty (measure or logit score), the level of measurement accuracy 
(Standard Error Measurement score), and the suitability of each item in the chemistry learning conception 
questionnaire. The results show that Item KP35 (logit score 1.12) is the most difficult item to approve by 
respondents, and KP49 (logit score -0.19) is the most easily approved item. Most items have an accuracy 
level of 0.08 (except for five items, namely KP35, KP44, KP31, KP50, and KP47, with a score of 0.07).  

For item suitability (fit or misfit of an item), the Infit and Outfit Mean Square (MNSQ) scores are 
the most important statistical indicators to identify the model’s fit accurately. Acceptable MNSQ scores 
range from 0.5 to 1.5 (Meyer, 2014). The results of data analysis showed that 4 of the 24 items, namely 
KP31, KP35, KP44, and KP50, were in the unacceptable score range with the MNSQ infit score (1.72; 2.31; 
2.04; and 1.54), respectively. and MNSQ outfits (1.86; 2.51; 2.21; and 1.57), respectively. One other item is 
also not in the acceptance range of the MNSQ outfit score, namely KP47 (1.55), although the MNSQ infit 
score is in the acceptable range (1.47). Another indicator that states the suitability of an item is the Point 
Measure Correlation Coefficient by estimates the polarity of the item. Items were categorized as very good 
(score 0.4-0.8), good (score 0.30-0.39), moderate (0.20-0.29), and failed in item polarity (score <0.19 ) 
(Rosli et al., 2020). The results show that the KP31, KP35, and KP44 are unacceptable, with successive 
scores of 0.17, -0.24, and 0.09. Meanwhile, the KP49 item is the item with the highest polarity (0.77) but is 
still in the acceptable range (very good). Based on the analysis, five items (KP31, KP35, KP44, KP47, and 
KP50) must be eliminated from the instrument because they do not meet the acceptance threshold score 
for item suitability statistics (infit and outfit MNSQ and Point Measure Correlation Coefficient as discussed 
previously. The item (KP47) does not meet the MNSQ outfit acceptance score, and the other four items 
(KP31, KP35, KP 44, and KP50) do not meet the MNSQ infit and outfit acceptance score and the item 
polarity score (Bond et al., 2020). It indicates that these items cannot measure the same as other items 
properly. The next analysis is the analysis of the functioning of the questionnaire with a categorical scale, 
whose results are shown in Table 1.  

 
Table 2. The functionality of categories on a questionnaire with a Likert scale  

Category Data 
Calculation 

Category 
used 

Frequ 
ency 
(%) 

Average of 
Observed 

Measurements 

Infit 
MNSQ 

Outfit 
MNSQ 

Andrich-
Threshold 

Measurement 

Category 
Measurement 

1: 
Strongly 
Disagree 

224 4 0.18 1.67 1.93 None -2.50 

2: 
Disagree 

424 7 0.14 1.14 1.16 -0.85 -1.21 

3: Neutral 1958 33 0.27 0.73 0.69 -1.29 -0.12 
4: Agree 1871 32 0.91 0.86 0.79 0.73 1.16 

5: 
Strongly 

Agree 
1451 24 1.53 0.90 0.92 1.41 2.78 

 
Categories 5, 4, and 3 are easily approved by most respondents, with the percentages being 24%, 

32%, and 33%, respectively. Meanwhile, categories 2 and 1 were only filled by a small number of 
respondents, namely 7% and 4%. The MNSQ infit and outfit scores as an indicator of the functioning of the 
category scale for the four categories (5, 4, 3, and 2) were in the acceptable range. Meanwhile, category 1 
(strongly disagree) on the scale has an MNSQ infit score (1.67) and an MNSQ outfit (1.93) exceeds the 
acceptance limit, with an ideal score of 1.0 and a score above 1.5 being considered problematic (Linacre, 
2009).  In the observed measurement mean score column, the score did not increase consistently from 
categories 1 to 5, namely from 0.18; 0.14; 0.27; 0.91; and 1.53. The existence of an inverted score (up and 
down in categories 1 and 2) indicates that respondents are confused in agreeing with the statements from 
the two categories. This is in line with the results in the Andrich-Threshold measurement score column. 
The Andrich-Threshold measurement score represents the probability points between the two previous 
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adjacent categories (2 and 3, 3 and 4, and so on) on a category scale. Therefore, the first category has an 
unknown score (none). The score obtained shows the non-ideality of the Andrich-Threshold measurement 
score. The increase in the score is not consistent with the increase in categories on the category scale 
(with scores respectively -0.85; -1.29; 0.73; and 1.41). The illustration supports this in Figure 1, where all 
categories have peaks and are separated from each other on the curve, although category 2 has a 
relatively low peak.  

 

 

Figure 1. The categories probability curve of the chemistry learning conception questionnaire 
 

Based on the measurement results, the category scale has functioned well to separate 
respondents based on their level of learning conception. This score can be interpreted that respondents 
with a low conception of chemistry learning (-2.50) will tend to choose category 1 (Strongly Disagree). On 
the other hand, respondents with a high conception of chemistry learning (2.78) will choose category 5 
(Strongly Agree). For more details, the relationship between the difficulty level of the item to be approved 
and the person describing the respondent's level of chemistry learning conception can be seen in Figure 
2.Figure 2 shows a wright map between item items and person, describing the relationship between item 
difficulty level to be approved and respondent's ability. Item number KP35 with a sequential logit value of 
1.12 is the item that has the highest level of difficulty or is difficult to approve. However, these items have 
not been able to measure students with a conceptual ability to learn chemistry above it (from 180P, 210P, 
etc.) to students 054P (logit score 2.86), who are students with the highest level of conception of learning 
chemistry. In addition, item KP33 (with a logit score of -0.39) is classified as the item with the lowest 
difficulty level or the easiest to approve. However, these items have not been able to reach four students 
with a lower conception of chemistry, namely 158P (logit score: -0.72), 166P (logit score: -0.72), 240P 
(logit score: -0.82), and 089P (logit score -1.57) which is the student with the lowest level of chemistry 
learning conception.  

 

 

Figure 2. Wright map or distribution map of the relationship between item difficulty and a person's 
ability 
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The last analysis is the item refractive index (differential item functioning (DIF) with the aim of 
testing whether there are differences in responses from individual subgroups with a certain level of 
similarity, such as gender (male and female) that can have an impact on the measurement results. DIF is 
an additional aspect of compatibility with the Rasch model, which may affect validity by comparing data 
between subgroups through a biased scale score.DIF can be assessed by comparing item response 
functions between groups of people in the sample on a measured construct. In this study, DIF analysis was 
carried out by grouping respondents based on gender, namely male and female high school students, to 
find out whether there is a bias in the items of students' learning conception instruments based on the 
perceptions of male and female students. The results of the refractive index analysis can be seen in the DIF 
measurement score column, which states the level of difficulty in each group. Furthermore, the difference 
in DIF is obtained on the same item, which is one indicator of item bias of an item. The item's refractive 
index category includes large (score >0.64 logit), moderate (score range 0.43-0.64), and acceptable (score 
<0.43 logit) (Zwick, 2012). The analysis results show that item KP40 is classified as biased in the medium 
category. Based on data analysis, it is known that four items, namely KP35, KP36, KP40, and KP50, 
indicated a bias towards male and female respondents. 

 
Discussion  

Based on the study results, it is known that the instrument developed is valid based on the expert 
correction. However, it needs to be revised by replacing some positive items with negative items. The 
combination of positive and negative items on an instrument is intended to reduce misunderstandings in 
measurement because of the tendency of someone to agree to a statement without understanding its 
content quickly or filling it with a certain response pattern (Desstya et al., 2019; Schlimbach & Asghari, 
2020; Zeng et al., 2020). In addition, the item contributes to the validity of the measurement by 
broadening the way individuals think and organizing their beliefs about the construct under study 
(Rosana et al., 2017; Samsudin et al., 2021; Weijters & Baumgartner, 2012). All items, including six revised 
statements, were declared valid because they measured the desired attributes, namely six aspects of the 
concept of learning chemistry developed, namely memorizing (KP29, KP30, KP31, & KP32), testing (KP33, 
KP34, KP35, & KP36), calculating and practice (KP37, KP38, KP39, & KP40), increase knowledge (KP41, 
KP42, KP43, & KP44), apply (KP45, KP46, KP47, & KP48), and understand knowledge and see chemistry in 
a new way (KP49, KP50, KP51, & KP52) (Soltani & Askarizadeh, 2021; Zheng et al., 2018).  Judging from 
the suitability of the items, 5 out of 24 items had to be eliminated because the measurement data did not 
match the Rasch model and were declared invalid. The instrument can be said to be valid when it 
represents the fit of the measurement data to the fit model from Rasch (Jang & Protacio, 2020; Rosli et al., 
2020; Segers et al., 2018). Five items (KP31, KP35, KP44, KP47, and KP50) do not meet the acceptance 
threshold value for item conformity statistics and must be eliminated because these items illustrate the 
difficulty of respondents in understanding and agreeing with the items (Juditya et al., 2020; Wilmskoetter 
et al., 2019). Of the five eliminated items, four (KP31, KP44, KP47, and KP50) were items with negative 
statements. For example, KP47 reads, "I study chemistry not to be applied in everyday life.” The use of a 
survey instrument consisting of a mixture of positive and negative statements can affect the validity and 
reliability of the instrument (Chan & Ismail, 2014; Chyung et al., 2018). It may be due to the tendency of 
respondents to fill in inconsistently when the instrument consists of negative and positive items, and 
respondents are less careful in understanding the difference in meaning between the two types of 
statement items (Colosi, 2005; Roszkowski & Soven, 2010; Sonderen et al., 2013). 

The results of research related to the functioning of the Likert scale of the instrument prove that 
the four categories of the scale can be accepted or function well (categories 2, 3, 4, and 5) in determining 
respondents' approval based on the conception of chemistry learning, except for category 1 (strongly 
disagree), so it is necessary considered combining the two categories (1 and 2) into four scales only. The 
reduction of these categories is intended to obtain accurate and optimal measurement results (Irwanto et 
al., 2017; Vanzile-Tamsen, 2017). Furthermore, the research results related to the index show that four 
items, namely KP35, KP36, KP40, and KP50, are biased towards male and female respondents. Of the four 
items, two of them were eliminated (KP35 and KP 50) because they did not meet the acceptance of the 
item suitability value. The other two items (KP36 and KP40) are still used by first making revisions to 
avoid the possibility of different respondents' answers based on certain genders (Boone et al., 2014). 
These two items are negative statement items that are converted into positive statements in the hope of 
not confusing students, both male, and female, to determine and choose a category scale from this 
statement. For example, item KP36 which initially reads "I don't think studying chemistry has a close 
relationship with chemistry exams," was revised into a positive statement, "Learning chemistry has a close 
relationship with exams.” This is because teachers always conduct evaluations in the form of daily tests, 
mid-term exams, or semester exams on all subjects at school, including chemistry subjects. This statement 
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is considered biased because students in different groups (male and female) have Differences in agreeing 
items are caused by the confusion of students to determine the choice of approval category, which is 
considered far deviated from the perceived reality so that these negative statements tend to form different 
dimensions (Merritt, 2012). In addition, learners with low reading or cognitive skills failed to notice 
changes in item wording or failed to adjust their responses (Bolt et al., 2020; Steedle et al., 2019; 
Steinmann et al., 2021). 

 

4. CONCLUSION 

 From the overall results of the analysis, the instrument is considered feasible to be tested 
because it is valid in content and is empirically and reliable. These results indicate similarities between 
the two methods of measuring reliability in the Rasch analysis, which generally describes the interaction 
between the person and the items of the conception of chemistry learning. The 24 instrument items were 
concluded by the requirements of the Rasch model and could be used to measure the chemistry learning 
conception of high school students. 
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