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 The existence of item bias in a set of measuring instruments can threaten the 

instrument’s validity. Based on the Rasch model, this study evaluated item 

bias in the four-tier heat and temperature diagnostic test (4T-HTDT). This 

study used a cross-sectional quantitative survey method. There were 241 

students selected using a stratified random sampling technique. The  

4T-HTDT instrument consisted of 20 items grouped into five concept 

groups. Students’ conceptual understanding was grouped into five 

categories, namely scientific knowledge (Rating=5), false positive 

(Rating=4), false negative (Rating=3), misconceptions (Rating=2), and lack 

of knowledge (Rating=1). The differential item functioning (DIF) score was 

used to evaluate item bias in the 4T-HTDT. Bias was reviewed based on the 

respondent’s gender, class, and school. The item has DIF if the probability 

value is <5%. The results showed that 35% (7 out of 20 items) spread over 

five groups of heat and temperature concepts were biased. However, 

excluding seven DIF items from the measurement set would not 

significantly affect the composition and distribution of items. Thus, the 13 

items in the 4T-HTDT instrument are free from bias and can be used to 

evaluate the conceptual understanding of high school students. 
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1. INTRODUCTION 

There has been an increase in the study of student’s misconceptions in the field of physics education 

over the last seven decades, especially on the topic of heat and temperature [1]–[5]. Various types of 

diagnostic instruments on this topic have been widely implemented, for example, Interview [6], [7], open-

ended [8], conventional multiple-choice [9], [10], two-tier diagnostic test [11], [12], three-tier diagnostic test 

[13]–[15], and four-tier diagnostic test [3], [11], [16], [17]. Interview and open-ended instruments can 

provide a more detailed and in-depth picture of students’ conceptual understanding [18], [19]. However, 

using it in large groups takes more time and effort. As a result, interviews, and open-ended are more suitable 

for diagnosing misconceptions in small groups. Conventional multiple choice and their derivatives (two, 

three, and four-tier diagnostic test) are more suitable for large groups. The four-tier diagnostic test instrument 

is the best instrument for diagnostic application in large groups because the assessment process is relatively 

more efficient and objective, free from errors and lack of knowledge [18], [19]. 

One of the elements that must be met by the diagnostic test tool is validity. As a test tool, the four-

tier diagnostic test in heat and temperature material (4T-HTDT) must be able to describe students’ actual 

conceptual knowledge. The probability of students answering questions should not be influenced by student’s 
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attributes such as region, culture, gender, school category, and other attributes [20]. If this happens, the 

measurement results will be biased and do not accurately reflect the situation. Bias is a condition in which the 

characteristics of a group affect the test results [21]. Bias also indicates injustice, inconsistency, and 

contaminant factors in the test instrument [20]. 

Measurement bias would cause assays, such as 4T-HTDT to be invariant or unequal across groups 

[22]. Bias causes the measurement to be irrelevant and gives certain groups a higher chance to answer 

correctly to benefit certain groups. This will threaten the validity of the items in the 4T-HTDT [23]. 

Consequently, detecting item bias in 4T-HTDT becomes essential. 

The classical test theory (CTT) has been widely used to assess the psychometric properties of four-

tier heat and temperature diagnostic instruments [3], [16], [17]. Although the CTT is a popular and well-

established model, the scores derived are sample-dependent and biased towards the central score [24]. The 

item response theory (IRT) approach can be an effective alternative. Laliyo, Sumintono, and Panigoro [25] 

used a three-tier multiple choice test to measure students’ conceptual understanding in chemistry. Aminudin 

et al. [26] developed an open four-tier diagnostic instrument on light-wave material. They report test 

reliability, item and person reliability, and separation index. Ibnu et al. [27] developed a four-tier instrument 

on Mechanics material. They focus on reporting item fit against the Rasch model, reliability, and separation 

index. Tumanggor et al. [28] developed a four-tier diagnostic test on simple harmonic motion concepts 

material. All authors report item fit, reliability, item difficulty index. Meanwhile, reports on using the Rasch 

model to assess differential item functioning in diagnostic instruments are still very limited, including 

diagnostic instruments with the concept of heat and temperature. Therefore, this study aimed to identify and 

report item bias in the 4T-HTDT through differential item functioning (DIF). 

 

 

2. RESEARCH METHOD 

A minimum sample size of 50 participants is required to achieve data stability at a 99% confidence 

level on a 1 Logit scale [29]. This survey involved 241 participants who were selected using a stratified 

random sampling technique. All respondents came from three public high schools in Indonesia. The three 

schools each represented schools in the favorite, moderately favorite, and less favorite categories. The age of 

the respondents was in the range of 15-19 years. Participation in this study was anonymous, and responses 

were entirely voluntary. Table 1 describes the demographic profile of students. 

 

 

Table 1. Demographic data of students 
Demographics (code) Frequency Percentage (%) 

Gender Male (M) 65 27% 

 Female (F) 176 73% 
Class 11 (S) 146 61% 

 12 (T) 95 39% 

School Favorite (P) 113 47% 
 Moderately favorite (Q) 61 25% 

 Less favorite (R) 67 28% 

Age (years) Range 15-19 
 Average 17 

 

 

This study used a cross-sectional quantitative survey method. The 4T-HTDT instrument consisted of 

20 items and was grouped into five concept groups, namely temperature (six items, A1-A6), thermal 

expansion (four items, B1-B4), the effect of heat on object temperature (two items, C1 and C2), the effect of 

heat on phase changes (two items, D1 and D2), and heat and heat transfer (six items, E1-E6). As the name 

implies, each item in the 4T-HTDT is a four-level question. The first tier (T1) is a conceptual question in the 

form of multiple choice. The third tier (T3) is the reasoning for responses at T1. The second (T2) and fourth 

(T4) tiers are each student’s confidence in the responses at T1 and T3. The level of confidence (T2 and T4) 

uses a 6-point Likert scale from 1 (guessing only) to 6 (very confident) [30]. 

Students collected responses online. Completion of the diagnostic test took about 40 to 50 minutes. 

Students’ conceptual understanding was coded using Excel. Winsteps was used to assess the 4T-HTDT 

instrument based on the Rasch model. Code 1 was given for correct answers on T1 and T3, zero if wrong. 

While code 1 was given to T2 and T4 if the student’s confidence level is >3.5, zero if <3.5. Scientific 

knowledge if all tiers were coded 1. False positive if all tiers were coded 1 except T3, and false negative if all 

tiers were coded 1 except t1. meanwhile, misconception if t1 and t3 are coded 0, and t2 and T4 are coded 1. 

Other combinations of codes were included in the category of lack of knowledge. 
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The combination of the results of coding students’ answers was grouped into five categories of 

conceptual understanding, namely scientific knowledge (SK, Rating=5), false positive (FP, Rating=4), false 

negative (FN, Rating=3), misconception (Misc, Rating=2), and lack of knowledge (LK, Rating=1) [31], [32]. 

Ratings of each conceptual understanding have been used to measure the Rasch model. This ordinal data was 

converted into intervals on a logit scale using a logarithmic function with the help of Winsteps [33], [34]. 

Winsteps analysis results were used to assess the logit value of the item (LVI), logit value of a person (LVP), 

and 4T-HTDT bias towards demographic profiles (gender, class, and school). Bias was evaluated based on 

the value of DIF. Meanwhile, the logit item and person values are assessed based on LVI and LVP [35], [36]. 

Items in the 4T-HTDT were biased towards a particular demographic profile if the probability value was less 

than 5% [37], [38]. Summary statistics for 4T-HTDT are presented in Table 2. 
 

 

Table 2. Summary of 4T-HTDT statistics 
  Item Person 

Measure Mean 

Standard deviation (SD) 

0.00 

0.41 

-1.33 

1.83 

Separation 5.23 2.25 

Reliability 0.96 0.84 
Cronbach’s α 0.92 

 

 

3. RESULTS AND DISCUSSION 

3.1.  Item difficulty level 

The researchers classified the difficulty of the items as presented in Table 3 according to their mean 

and SD values in the 4T-HTDT. The difficulty levels of the items were grouped into four categories [35], 

[39], [40]. Item difficulty logit ranged from-0.92 to+0.58. The mean value item logit obtained was 0.00, and 

SD was 0.41 logit. The mean logit item value was always set to 0.0 logit, and 0.0 indicates the initial 

reference point of the scale [37]. Items in the 4T-HTDT were distributed in the categories very difficult  

(LVI≥0.41), difficult (0.00≤ LVI <0.41), easy (-0.41≤ LVI <0.00), and very easy (LVI <-0.41). Based on 

Table 3, 25% (5 out of 20 items) are in the very difficult category, and 10% (2 out of 20 items) are in the very 

easy category. Most items have been spread in the easy category, amounting to 35%. 

As shown in Table 3, thermal expansion and heat and heat transfer concepts tend to be more 

difficult for students than other concepts. As many as three of the four Thermal expansion concept items are 

in the difficult and very difficult categories. Likewise, five heat and heat transfer concepts items are in the 

difficult and very difficult categories. Meanwhile, in the temperature concept, (4 out of 6 items) are divided 

into easy and very easy categories; two items, in the effect of heat on phase changes concept, are in the easy 

category. However, the distribution of each item in each concept group is represented in each level of 

difficulty. This has implications for the instrument’s ability to explore respondents’ abilities. The level of 

difficulty of this question needs to be considered by the teacher or instructor. Misconceptions are very 

vulnerable to change [3]. Because they believe wrong concepts to be true, misconceptions need to be 

overcome through various appropriate learning designs. Teachers need to strengthen concept planting 

through various innovative learning strategies. Optimizing the integration of multimedia in teaching needs to 

be considered by the teacher. Because of its abstract nature, changes in physical phenomena occur at the 

microscopic level and are theoretical, the use of simulation or animation media in heat and temperature 

learning is an option that needs to be considered [13], [41]–[44]. 
 

 

Table 3. Four item difficulty categories in 4T-HTDT 

Difficulty level 
Concept group 

A B C D E 

Very difficult A2 B2 C1  E1, E2 

Difficult A1 B3, B4   E3, E4, E5 

Easy A3, A5, A6 B1 C2 D1, D2  
Very easy A4    E6 

Note: A=Temperature; B=Thermal expansion; C=Effect of heat on object temperature; D=Effect 

of heat on phase changes; E=Heat and heat transfer 

 

 

3.2.  Person ability 

The level of student’s conceptual understanding of heat and temperature material was grouped based 

on demographics and LVP values [35], [39], [40]. Student logit ability is between-5.48 and+0.63. Students’ 

conceptual understandings are grouped into four levels. Students who have an LVP ≥0.50 are classified as 
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very high ability, first level. In the second level, the value of -1.33≤ LVP <0.50 is classified as high ability. 

Students with a-3.16≤ LVP <-1.33 are grouped in the moderate ability, third level. The fourth level, the low 

ability group, is used to classify students with LVP <-3.16. Table 4 describes the level of students’ 

conceptual understandings based on demographics. As shown in Table 4, most students’ conceptual 

understandings are distributed in the high category. 
 

 

Table 4. The level of students’ conceptual understanding based on demographics 

Demographics 
Very high ability 

LVP ≥0.50 

High ability 

-1.33≤ LVP <0.50 

Moderate ability 

-3.16≤ LVP <-1.33 

Low ability 

LVP <-3.16 

Gender Male (M) 2 51 8 4 

 Female (F) 1 110 33 32 
Class 11 (S) 2 102 22 20 

 12 (T) 1 59 19 16 

School Favorite (P) 1 78 16 18 
 Moderately favorite (Q) 2 37 13 9 

 Less favorite (R) - 46 12 9 

 

 

Table 4 shows that the distribution of students’ conceptual understandings was concentrated in high 

ability. By gender, the male group appears to have a higher level of conceptual understanding than the female 

group. A total of 78.5% (51 out of 65 students) of male students were distributed at a high ability level. 

Meanwhile, only 62.5% of female students (110 out of 176 students) were distributed at the same ability 

level. On the other hand, the percentage of male students (6.2%) in the low ability category is much lower 

than that of female students (18.2%). Based on the class, 11th graders have a more dominant conceptual 

understanding than 12th graders. It appears that 70% (102 of 146 students) of 11th-grade students have 

abilities in the high category. Likewise, for grade 12 students, there are 31.2% (59 of 95 students) are in the 

high category. The distribution of students’ abilities in these two groups did not significantly differ in the 

other categories (very high, moderate, and low ability). 

Using a constructivism approach, gender and prior knowledge influence success in science 

education [45]. Male and females have different learning schemes. Various literature reports differences in 

conceptual understanding abilities based on gender. Male students tend to be better at observing physical 

phenomena than female students, which impacts their understanding of concepts [46]–[49]. However, 

educators or instructors need to develop pedagogic competence in designing learning to increase equality of 

conceptual understandings across gender. Each student’s prior knowledge can be related to their age as well 

as their grade. The higher the students’ grade level, the more sophisticated their mental models are. The 

construction of conceptual understanding is complete. Students at a younger age or lower grade levels can 

improve their conceptual understanding by involving mobile-based learning [50]–[52]. Mobile learning 

provides opportunities for students to access content with high frequency so that the knowledge construction 

process becomes faster. 

Based on the type of school, the distribution of students’ conceptual understanding in the three types 

of schools was concentrated in the high ability category. The percentage of conceptual understanding ability 

between favorite and less favorite schools is almost the same. The distribution of students’ abilities in 

favorite schools was 69% (78 of 113 students), and students of less favorite schools were 68.7% (46 of 67 

students). Meanwhile, the students’ conceptual understanding ability at school is quite favorite by 60.7% (37 

of 61 students). Meanwhile, the students’ conceptual understanding ability in the low category was almost 

the same for the three schools. The type of school that exists does not impact the level of understanding of 

students’ concepts. Although in general, favorite schools have several learning facilities and teachers are 

adequate compared to less favorite schools. 

 

3.3.  Differential item functioning (DIF) of respondents’ demographic factors in 4T-HTDT 

In this section, researchers identify the item bias against student demographics in public high 

schools. Table 5 summarizes several 4T-HTDT items with probability values less than 5%. Based on the 

analysis, there were seven items (A4, A6, B4, D2, E2, E5, and E6) biased towards the respondent’s attributes. 

As many as four of the five concept groups tested were biased towards the gender, class, and type of school 

group. There are (4 of the 20 items) (A6, D2, E5, and E6) biased towards two types of respondents’ 

attributes. Three (A4, B4, and E2) are biased towards one type of respondent’s attributes. There are (3 of the 

6 items) (E2, E5, and E6) in the heat concept group and their displacement biased towards the class and 

school attributes. There are (2 of the 6 items) (A4 and A6) in the temperature concept group also experienced 

a bias towards the class and school attributes. Meanwhile, in the concept of thermal expansion and the effect 

of heat on phase changes, each item (B4 and D2) is biased towards gender and school. The DIF diagram in 

Figure 1 describes in detail the bias tendency of each item in Table 5. 
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Table 5. Summary of differential item functioning based on students’ demographic variables 
Item Misconception form Demographic with DIF 

A4 Two different temperatures can be added up School 
A6 The division of an object causes the temperature of the two parts to be different Class and school 

B4 An expanding substance has a constant density Gender 

D2 Heating always increases the temperature Gender and school 
E2 Cold substances contain no heat School 

E5 Heat can flow due to various types of substances Class and school 

E6 Particles during convection will rise to the top because the direction of the heat always goes up Class and school 

 

 

DIF analysis by gender is presented in Figure 1(a). There are 10% (2 out of 20 items) with a DIF 

(B4 and D2) concerning gender. The concept of B4 tends to benefit male students more than female students. 

On the other hand, the D2 concept benefits female students more than male students. DIF analysis by class in 

Figure 1(b) showed that 15% (3 of 20 items) had DIF (A6, E5, and E6). Items A6 and E5 tend to benefit 

grade 12 students rather than grade 11. At the same time, item E6 is the opposite, more favorable for grade 

11 than grade 12. Finally, the DIF analysis by the school is shown in Figure 1(c). We found that 30% (6 of 20 

items) had a DIF concerning school type. Items A4 and D2 tend to favor students from moderately favorite 

schools and disadvantage students from less favorite schools. However, they are not problematic for students 

from favorite schools. Items A6 and E5 favored students from less favorite schools and disadvantaged 

students from the other two types of schools. Item E2 tends to harm students who come from moderately 

favorite schools. Meanwhile, item E6 benefits students from favorite and moderately favorite schools than 

students from less favorite schools. 
 

 

 
Note(s): F=Female, M=Male 

(a) 

 
Note(s): S=Class 11, T=Class 12 

(b) 

 
Note(s): P=Favorite, Q=Moderately favorite, R=Less favorite 

(c) 
 

Figure 1. Person DIF plot items in 4T-HTDT based on (a) gender, (b) class, and (c) school 
 

 

Seven diagnostic items on the concept of heat and temperature have been identified as being biased. 

When applied, these items will benefit certain groups so that the primary function of the diagnostic test is 

distorted and interferes with the validity of the 4T-HTDT instrument. Therefore, using 4T-HTDT in the 

future can exclude items identified as having DIF from the instrument set because other items still represent 

each concept group. Likewise, excluding seven DIF items from the measurement set will not significantly 

affect the distribution and composition of items based on difficulty level items. 
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Involving DIF analysis of items to assess the quality of a four-tier diagnostic instrument has never 

been reported before [3], [16], [17], [26], [28]. However, the appearance of items in the 4T-HTDT 

experiencing DIF does not always indicate the weakness of a measuring instrument [53]. Several studies 

showed the linearity of the effect of a large sample size on the number of items experiencing DIF [54]. 

 

 

4. CONCLUSION 

One of the factors that affect the instrument’s validity was the bias that the items in the instrument 

have. The evaluation results show that 4T-HTDT were biased. Rasch’s analysis shows that seven of the 20 

items (35%), spread across five heat and temperature concepts groups, are biased towards four student 

demographic variables (attributes). Two items are biased towards gender, three items are biased towards the 

type of school, and six items are biased towards the type of school. 

This study still has some limitations. It has not discussed the geographical and cultural aspects of the 

respondents. So, this finding cannot be generalized to the Indonesian context. Nevertheless, this study has 

been a pioneer in evaluating item bias in the misconception diagnostic instrument. In this study, we limit the 

analysis of bias based on the demographics of the respondents. It took heterogeneity of respondents to 

evaluate instrument bias comprehensively. We suggest that future research consider the heterogeneity of the 

respondents who will be involved. The respondent’s geography can be one of the challenging study materials 

to see the tendency or bias of an instrument. Schools and student residences are very diverse, some of them 

scattered in urban areas, some in coastal areas, and some in mountainous areas. We also recommend that a 

bias evaluation be carried out by reviewing the ethnicity or culture of the respondents. 
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