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Abstract: This research aims to evaluate students' conceptual understanding in the field of
physics, focusing on the concepts of heat and temperature, using the Person Diagnostic Map
(PKMAPs) approach. This method allows individual assessment of students' conceptual
understanding, going beyond the limitations of conventional analysis methods that focus on
groups. This research used a survey involving eight students from a private university in
Yogyakarta, Indonesia. Data was collected through a multiple-choice test of 20 items,
processed using Ms. Excel and Winsteps 4.6.1. The research results show that PKMAPs are
effective in identifying individual student understanding, including detecting "correct"
response patterns resulting from guessing or cheating, as well as "incorrect" response
patterns caused by incompetence or inaccuracy. This information allows educators to
determine appropriate teaching methods, including remediation, re-teaching, or
enrichment, according to each student's individual needs. This research concludes that
using the Person Diagnostic Map in the context of physics education provides a more
personal and effective approach to analyzing students' conceptual understanding. This
method provides deeper insight into students' individual strengths and weaknesses,
facilitating more focused and effective learning planning.
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Introduction

Students' conceptual understanding is one of the classic problems that has been researched in
the field of education, including the field of physics, until today (Istiyono et al., 2022; Ozmen, 2024;
Sukarelawan et al., 2019; Zhao et al., 2023; Wahyuni et al., 2024). Conceptual understanding involves
the ability to identify the patterns, relationships, and principles underlying those concepts. This allows
students to view concepts in a broader framework and understand how these concepts are related and
interact (Atmaja, 2021). Conceptual understanding also involves the ability to apply these concepts in
solving real problems and situations (Putri et al., 2023). Several factors that influence conceptual
understanding include previous background knowledge, experience, and learning context. Individuals
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who have broader knowledge and experience tend to have better conceptual understanding. A relevant
and meaningful learning context can also help strengthen conceptual understanding.

Various methods of analyzing students' conceptual understanding have been widely used. For
example, interview methods (Fuchs & Czarnocha, 2016; Jankvist & Niss, 2018), multiple-choice (Dulger,
2017; Kusairi et al., 2022), two-level multiple choice (Atchia et al., 2022; Onder-Celikkanli & Tan, 2022;
Wang et al., 2022), three-level multiple choice (Prodjosantoso et al., 2019; Yeo et al., 2022), and four-
level multiple choice (Astuti et al., 2023; Atmaca Aksoy & Erten, 2022; Jumadi et al., 2023; Taban &
Kiray, 2022). The approach to analyzing conceptual understanding is oriented to classical test theory
(CTT). The CTT can only provide information at the group level and cannot provide an overview of
students' understanding of concepts at the individual level.

One of the main problems is the difficulty of distinguishing between correct answers due to a
good understanding of the concept and correct answers due to guessing or cheating, as well as
incorrect answers due to true incompetence or just carelessness. This becomes a dilemma in
determining the right learning approach for each student. Rasch modeling emerged as an alternative
approach that allows educators to understand students' conceptual understanding at the individual
level so educators can more effectively determine remediation, re-teaching, or enrichment strategies
that suit the needs of each student.

Several approaches have been used to describe students' conceptual understanding. In classical
test theory, the descriptive approach is more widely used and preferred because of its simplicity
(Ozmen, 2024; Sukarelawan et al., 2019; Tene et al., 2024). This approach provides an overview of
students' general conceptual understanding at the group level (Soeharto et al., 2024; Zabidi et al., 2022)
but cannot provide an individual-level overview. On the other hand, the use of the Wright map, as part
of modern test theory, is currently experiencing increasing use to describe the state of students'
conceptual understanding (Puspitasari et al., 2022; Sukarelawan et al., 2022). This approach offers
more detailed information than the descriptive approach. The Wright map can display the level of
conceptual understanding down to the individual level. However, the Wright map cannot explain and
estimate each individual's response patterns and answers. One approach that can describe the
conceptual understanding level by estimating each individual's response pattern is person-diagnostic
maps (PKMAPs). PKMAPs has several features. Soeharto and Csapd (2022) use PKMAPs to scale data to
detect outliers. Therefore, there is limited information using PKMAPs to describe students' conceptual
understanding in detail.

The PKMAPs diagnostic map is a means of displaying student responses to items (Linacre, 2021a).
PKMAPs can estimate the response pattern/answers of each student. A student's "correct" response
pattern can be detected, whether it is due to the student's ability or due to guessing or cheating.
Likewise, the pattern of "wrong" responses from students, whether purely due to their incompetence
or because they are not careful (careful). So, by using this map, an educator/instructor can easily
determine which parts need remedial teaching, re-teaching, or enrichment. Educators can also use this
information as a report on student academic progress to parents because it can accurately explain the
strengths and weaknesses of each individual student.

Person Diagnostic maps the difficulty level of items from easiest to most difficult for each student.
The location of the question shows the level of difficulty of the question compared to the student's
abilities. The higher you go, the higher the difficulty of the questions, and vice versa (Soeharto & Csap9,
2022).

As previously stated, the accuracy of information on students' conceptual understanding is the
main basis for determining the type of learning or treatment educators can plan to optimize students'
conceptual understanding. Mistreatment will be malpractice for students, resulting in lower student
conceptual understanding. Therefore, it is essential to analyze students' conceptual understanding so
that educators can determine the appropriate type of treatment for each student. This research aims
to evaluate students' level of conceptual understanding using the Person Diagnostic Map (PKMAPs)
method so that they can provide appropriate recommendations regarding students' conceptual
understanding.
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Method

This type of survey was conducted at a private university in Yogyakarta, Indonesia. The survey
involved eight students (four men and four women) from physics classes. The respondents in the survey
were the population in the physics class who would take the heat and temperature course. Data on
students' conceptual understanding was collected via Google Forms. Data collection was carried out
before regular learning activities began. The average time required by students to complete one set of
items is around 40 minutes.

The instrument used in this research was 20 multiple-choice items on heat and temperature
material developed by Sukarelawan et al. (Jumadi et al., 2023). Twenty items are spread into four
concept groups, namely: (1) temperature (6 items), (2) expansion (4 items), (3) the effect of heat on
temperature changes and changes in form (4 items), and (4) heat and heat transfer (6 items).
Instrument details are shown in Table 1.

Table 1. Description of multiple-choice items on heat and temperature

No. item Code Item description

1 T1 Temperature depends on the size/mass of the object

2 T2 Temperature depends on the material of the object

3 T3 The temperature of a substance can be transferred

4 T4 Two different temperatures can be added together

5 T5 There is no lowest temperature limit

6 T6 The division of a substance results in the temperatures of the two parts being
different

7 El Expansion only occurs in one linear dimension

8 E2 The mass of an expanding object increases.

9 E3 Expansion occurs due to an increase in the number and size of particles

10 E4 Expanding substances have a constant density.

11 EoH1 The high specific heat of a substance will speed up the substance's absorption
of heat.

12 EoH2 Materials such as wool can warm the body

13 EoH3 Changes in temperature and shape occur simultaneously

14 EoH4 Heating always increases the temperature

15 H&T1 There are two types of heat, namely cold heat and hot heat. There are two
types of temperature, namely cold temperature and hot temperature.

16 H&T2 Cold objects do not contain heat.

17 H&T3 Heat depends on the size of the object/mass

18 H&T4 Heat depends on the material of the object

19 H&T5 Heat can flow due to different types of substances

20 H&T6 The color of the clothes does not affect how quickly they dry

Code T = Temperature, E = Expansion, EoH = Effect of heat on temperature and phase of matter, H&T = Heat and
heat transfer

Student concept understanding data is processed using Ms. software. Excel and Winstep 4.6.1
(Linacre, 2021b). Ms. Excel was used to prepare data, and Winstep was used to analyze students'
understanding of concepts. Analysis of student learning needs begins by photographing students'
overall conceptual understanding through the Wright map. Then, identify patterns of suitability of
student responses to the model. After the identification process, we skimmed any indications of
carelessness, cheating, or guessing answer patterns using the Guttman scalogram. The final stage is to
analyze each student's learning type through a personal diagnostic map.
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Results and Discussion
Result

Distribution of student abilities

In general, the level of students' conceptual understanding of heat and temperature material is
visualized in Figure 1. Figure 1 visualizes the students' conceptual understanding level in the form of a
Wright map. Wright maps are used to provide an overview of student's conceptual understanding of
each sub-material in the topic of heat and temperature.
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Figure 1. Distribution of students' conceptual understanding
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Based on Figure 1, the average item difficulty level is higher than the average student's ability.
Three students have the highest abilities: two females (1F and 3F) and one male (6M). Meanwhile, in
the low-ability group, there were three males (2M, 4M, and 7M) and one female (8F). From an item
perspective, six items have the highest level of difficulty, spread across the concept of temperature (T1,
T2, and T3), the influence of heat (EoH1), and the concept of heat and its transfer (HD1 and HD2).
Meanwhile, the easiest item is in the concept of heat influence (EoH3). Of the 20 items tested, 11 of
the 20 items (55%) were above the abilities of all students. In the opposite situation, the two items
with the easiest difficulty level were below all students' locations.

Suitability of student response patterns

Table 2. summarizes the suitability of student response patterns based on the Rasch model.

Table 2. Suitability of student response patterns
Outfit

Person Measure Model S.E. Mnsq Zstd PT. Mea Corr.
1F 0.21 0.62 0.91 -0.14 0.68
3F 0.21 0.62 1.19 0.62 0.59
6M 0.21 0.62 0.60 -1.15 0.77
5F -0.17 0.62 0.87 -0.26 0.67
2M -0.98 0.67 2.15 1.94 0.39
am -0.98 0.67 0.70 -0.52 0.67
™ -0.98 0.67 0.91 -0.02 0.63
8F -0.98 0.67 0.61 -0.76 0.70

Based on Table 2, the student ability level ranges from -0.98 to 0.21 logit. The model's standard
error (S.E) is in the range of 0.62 to 0.67 logit. Outfit MnSq values are in the range 0.60 to 2.15. The
Zstd value is in the range of -1.15 to 1.94. Meanwhile, the value of Pt. Mea Corr. It is in the range of
0.39t0 0.77.

Screening student response patterns

The results of the analysis of student response patterns are displayed in Table 3.

Table 3. Student response patterns based on the Guttman Scalogram

Person
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6M 1
1

1

1

1

1

Careless

5F
2M

=1 I

Guessing

™
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Table 3 shows indications of Careless and Guessing patterns from student responses. Initial
identification results show that 5F Careless students answered item E4. Meanwhile, student 1F, apart
from Careless answering item E4, Careless also answered item H&T6. In line with 1F, 3F students
indicated Careless answering two items, T6 and H&T5. Apart from Careless, students 2M and 7M
indicated that they answered guessing. 2M Careless students answered four items (T4, T5, E4, and T6)
and guessing answered one item (E2). Meanwhile, 7M Careless students answered item T5 and
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guessed item EoH2. In other conditions, students 6M and 8F only indicated guessing on items H&T4
and EoH4.

Person diagnostic

Analysis of the types of errors made by students is shown in Figure 2.
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Figure 2. Person diagnostic

Figure 2(a), 2(b), 2(c), and 2(d) include students who are in the slow learner group. These four
students have an ability range of -0.98 + 0.67 logit. The analysis results show that the four students had
Guessing and careless responses. Students 8F, 7M, 4M, and 2M guessed on items H&T4, EoH2, E2, and
H&T3. Meanwhile, careless responses were on items T4, T5, T6, E4, H&TS5, and H&T6. Figure 2(e),
student 5F, is included in the medium ability category and has an ability limit range of -0.17 + 0.62 logit.
Based on the ability threshold value, it was found that there were answers in the form of careless (items
E4, H&T4, and H&T6) and guessing in item E3.

Figures 2(f), 2(g), and 2(h) depict three students who have high abilities. The three figures show
the range of students' abilities (1F, 3F, and 6M) each of 0.21 + 0.62 logit. Based on the 1F student ability
threshold, four items (items E3, E4, EoH4, and H&T6) were identified, which were responded to
carelessly. The same thing happened to 6M students, who were careless on items E3, EoH2, H&T3, and
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H&T4. Meanwhile, student 3F, apart from having a careless response to five items (items T6, EoH2,
H&T3, H&T4, and H&T5) also had a Guessing response pattern to one item (Item E1).

Discussion

This research aims to analyze the learning needs of students in depth. This needs to be done so
that students receive treatment according to their needs. The data collection stage (test) was carried
out in the first hour of the physics lecture schedule on heat and temperature. The analysis begins by
taking a picture of the overall relationship between student abilities and the items' difficulty level using
a Wright Map. Then, analyze the suitability of student response patterns through the response pattern
match table. This table is used for the initial identification of response patterns that match the Rasch
model. Next, screen students' response patterns using the Guttman scalogram. This table can illustrate
patterns of right and wrong answers caused by cheating, guessing, or carelessness. Then, determine
student learning needs using a personal diagnostic chart.

Figure 1 maps hierarchically between student abilities and item difficulty levels (Ayu et al., 2023;
Thohir et al., 2021). The map is divided into two parts, namely, the left part depicts the person's
condition, and the right part describes the item's condition (Sukarelawan et al., 2021). The person's
location determines the level of the student's ability, and the item's location determines the item's
difficulty level. The person in the bottom location shows the student with the lowest ability (slow
learner), and the person in the top location shows the student with the highest ability. Identical to the
person's condition, the item with the highest location is the item with the highest level of difficulty, and
the item with the lowest location is the item with the lowest level of difficulty.

The Wright map maps the location of people and items hierarchically in 1 logit ruler that
stretches from -3 to 2 logits. The average item logit value is higher than the person logit average value.
This indicates that the items' overall difficulty level is higher than the students' abilities. Therefore, the
Wright map shows that students have not mastered 55% of the items. Therefore, 55% of the items
representing various concepts need attention from the instructor. These findings need to be confirmed
in Figure 2 in detail to map the needs for the right type of learning for students.

Based on Table 2. Suitability of student response patterns, it was found that the Outfit MnSq and
Zstd values for 2M students were outside the response suitability range, 0.5 — 1.5 (Siew & Abd Rahman,
2019). This indicates an inconsistent response pattern. However, the value of PT. Mea Corr. shows a
response orientation in the same direction as the model (Yuhanna et al., 2021). Based on the logit
values, it is indicated that five students (5F, 2M, 4M, 7M, and 8F) require some special learning because
the logit values are negative.

Instructors can prepare several types of special learning: re-teaching, remedial, and enrichment.
Remedial teaching aims to help students with difficulty understanding certain material or concepts.
The main focus is improving students' understanding of difficult material, whether due to
misconceptions, lack of understanding, or difficulty learning a topic. This involves additional strategies
such as tutoring sessions, re-teaching material individually or in small groups, and more intensive
approaches to understanding difficult concepts. Meanwhile, re-teaching is more holistic in its approach.
The goal is to ensure that students thoroughly understand all the material taught previously. Re-
teaching caninvolve repeating material over a certain period, a complete revision of all material studied,
or using different learning methods to help students understand the material in depth.

On the other hand, enrichment learning aims to present material or learning experiences that
are more complex, challenging, or advanced for students who have mastered basic material. The focus
is on providing higher challenges and going beyond the standard curriculum further to develop
students' interests, curiosity, and potential. This may include a research project, exploration of a more
complex topic, or a more in-depth learning experience in a particular field.

To support the information on student response patterns in Table 2, Table 3. Student response
patterns based on the Guttman Scalogram (Guttman Scalogram) simultaneously ranks the item
difficulty level and student ability level. Table 3. Student response patterns based on the Guttman
Scalogram can provide an initial picture of guessing, carelessness, or cheating based on student
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response patterns. Cheating can be identified by comparing one student's answer pattern to another
(Laliyo et al., 2022). Carelessness can be expected to occur if an item with a low level of difficulty is
answered incorrectly. In contrast, two or more items with a higher level of difficulty can be answered
consistently correctly. Meanwhile, an answer is indicated as guessing if two or more items with a low
difficulty level are consistently wrong. Still, you can correctly answer an item with a higher difficulty
level. After conducting an initial investigation, no identical response patterns were found between
students. Table 3. Student response patterns based on the Guttman Scalogram only indicates the
existence of careless and guessing. However, the pattern of answers with scores 1 and score 0, which
were initially identified as careless or guessing answers, needs to be confirmed again using the person
diagnostic map (Figure 2. Person diagnostic).

Determining students' individual learning needs can be evaluated comprehensively through a
person diagnostic map. However, this map cannot show cheating patterns accurately. So, person
diagnostics are more appropriate for identifying carelessness or guessing. Therefore, the visualization
combination between the Guttman scalogram and the person diagnostic map will complement each
other and provide more accurate and comprehensive information.

Generally, the person diagnostic map is divided into two parts, the left and right. The left part of
the map shows items answered "correctly" (coded with the number 1), and the right part shows items
answered "wrong" by students (coded with the number 0). The symbol "xxx" shows the mean logit of
individual student abilities. Meanwhile, the top horizontal dotted line is the student's ability threshold,
obtained from the student's logit score plus the standard deviation. Items positioned above the
student's ability threshold have a <50% probability of being answered "correctly." Meanwhile, items
below the threshold line have a > 50% chance of being answered "correctly."

More specifically, the map can be divided into four parts. The top-right (quadrant 1) is an item
with a higher difficulty level than the student's ability and is answered: "wrong." The top-left (quadrant
2) items have a higher difficulty level than the student's ability and are answered "correctly." The
bottom left (quadrant 3) are items with a lower difficulty level than the student's ability and are
answered "correctly." Meanwhile, the bottom-right items have a low difficulty level and are answered:
"wrong."

Based on the results of the initial investigation carried out using the Guttman Scalogram on 8F
students, the answer to item H&T4 was indicated as guessing because there was a consistent pattern
of wrong answers on the previous four items, and this was proven after being confirmed on the person
diagnostic map. Items T6, H&T5, H&T6, and H&T3 are indicated as items beyond their capabilities.
However, in reality, items T6, H&T5, and H&T6 were answered incorrectly because they were careless,
and only item 17 was answered incorrectly because it was beyond their capabilities. So, 8F students
only need remedial learning on T6, H&T5, and H&T6 concepts. Based on Figure 2(a), 12 items are
beyond the ability of 8F students, and only four items are below the logit of their ability. Therefore, 8F
students need re-teaching on items that are guessed and beyond their abilities and receive enrichment
learning on items that are below the logit of their abilities.

In the results of the initial investigation on 7M students, item 12 was identified as a guessing
answer and was proven after being confirmed by the diagnostic person. More in-depth analysis of five
items (H&TS5, H&T6, H&T3, H&T4, and E3) which were identified as items that 7M students were unable
to answer. After confirming the person diagnostic map, not all items are difficult for students. Two items
(Items H&T5 and H&T6) are errors because they are careless, and the other three are because they are
beyond their capabilities. So, 7M students only need remedial learning on concepts according to items
T5, H&T5, and H&T6 (see Figure 2(b)). Apart from needing remedial learning, 7M students need re-
teaching on items with a logit value above the logit of 7M and items answered by guessing. Because
7M students can complete four items (items T4, T6, E4, and EoH3) well, 7M students need to be given
enrichment learning of these concepts.

The results of skimming the response patterns of 4M students in Table 3 do not show any
indication of guessing or carelessness. However, after a more detailed look at the diagnostic person,
one item (H&T4) was guessing and three items (T5, T6, and H&T5) were careless. Meanwhile, four
items (T4, E4, EoH3, and H&T6) could be done well, and the other items were above the abilities of 4M
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students. Therefore, 4M students need three types of learning: re-teaching on items that are guessed
and have a logit value above the ability threshold, remedial learning on items answered carelessly, and
enrichment on items that have been mastered.

The answer pattern given by student 2M shows indications of guessing at E2 because of the
consistent pattern of wrong answers in the previous five items (lower level of difficulty than E2).
However, after conducting an in-depth analysis using a diagnostic person, E2 and H&T3 were answered
correctly because of the guess results. Student 2M also did not master 11 items (see Figure 2(d)). So,
2M students need re-learning on items that are guessed and beyond their abilities. Apart from guessing,
2M students were careless in answering four items (Items T4, T5, T6, and E4). The results of this initial
investigation have been supported visually by the diagnostic person. Therefore, 2M students also need
remedial learning. Apart from requiring re-learning and remedial learning, 2M students need
enrichment learning to strengthen the concepts that they have mastered in items EoH3, H&T5, and
H&T6.

There is no indication of guessing answers from the Guttman scalogram skimming results in
student answer patterns 5F, but there is an indication of careless answers in item E4. After conducting
an in-depth analysis of the person's diagnostic map, it was found that there was guessing on item E3
and carelessness on items H&T6, E4, and H&T4. Based on his ability threshold, there are six items that
he can answer and ten items that are beyond his ability. Therefore, 5F students need remedial,
enrichment, and re-teaching types of learning so that mastery of concepts in heat and temperature
material can be more optimal.

There are indications of guessing on the EoH4 concept by 6M students because visually, there is
a consistent pattern of wrong answers on the previous four concepts (H&T3, H&T4, E3, and EoH2). The
results of investigations through diagnostic personnel did not prove that there was guessing in the EoH4
concept. Another fact revealed through personal diagnostics is that the consistent errors visualized in
Table 3. Student response patterns based on the Guttman Scalogram are due to carelessness, not to
the incompetence of 6M students. This is because the logit values of the concepts H&T3, H&T4, E3,
and EoH2 are below the threshold of their ability.

There is no indication of guessing in student 3F's answer pattern. However, there are indications
of carelessness on five items (T6, H&T5, H&T3, H&T4 and EoH2). Based on the results of in-depth
investigations on diagnostic personnel, it was confirmed that 1 item (EoH4) was answered by guessing
and five careless items (T6, H&T5, H&T3, H&T4, and EoH2). Seven items are above the 3F student's
ability limit, and seven are below the ability limit. Therefore, 3F students need to receive remedial
learning and re-learning to correct misconceptions and receive enrichment learning to strengthen the
concepts they have mastered.

The final student with the highest level of ability is 1F. The Guttman scalogram indicates no
guessing pattern and only a careless pattern on items E4 and H&T6. Further analysis and investigation
of diagnostic personnel shows carelessness not only on items E4 and H&T6 but also on items E3 and
EoH4. Visually, the 1F student's ability limit is at a difficulty level equivalent to the EoH2 item. However,
the diagnostic person indicated that the EoH4 item, which had a higher difficulty, was still within his
limits. So empirically, 1F students have mastered eight items but have not yet mastered eight (see
Figure 2(h)). Therefore, 1F students need three types of learning like other students.

Based on Figure 1, it is identified that items T6, H&TS5, and H&T6 are items that were answered
carelessly by more than 50% of students, and 13 items (T1, T2, T3, E1, E2, E3, EoH1, EoH2, EoH4, H&T1,
H&T2, H&T3, and H&T4). Therefore, instructors need to prepare or design remedial learning, which is
predominantly answered carelessly, and design re-learning for guessed items beyond the student's
abilities.

Conclusion

Analysis of individual learning needs has been carried out through a series of investigative
processes, starting from taking a general picture of the relationship between student abilities and item
difficulty levels using a Wright Map, followed by an initial investigation of cheating, careless and
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guessing patterns using the Guttman scalogram and ending with a deep analysis of learning needs.
Individual students use the person diagnostic maps technique. From the analysis of student response
patterns using the Guttman scalogram, it can be concluded that there were no indications of cheating
by students. The person diagnostic maps technique can accurately describe students' abilities so that
instructors can develop or prepare learning types of remedial learning, relearning, and enrichment
oriented towards individual needs. Meeting the learning needs of individual students will have an
impact on increasing their academic performance.

The method of analyzing individual student learning needs using diagnostic person maps is based
on modern test theory that can estimate at the individual level quickly and accurately. This method will
help instructors understand the weaknesses and strengths of students' concepts. Instructors can also
use this method to make students' final academic reports. However, this research still needs to develop
teaching materials that can accommodate the types of learning students need. Therefore, we
recommend that in future research, we can develop types of personal learning-oriented learning based
on the results of investigations into diagnostic person maps. Future researchers can even develop a
learning system or platform that starts by carrying out tests, then produces information on individual
student weaknesses and strengths, and then integrates with types of learning that are oriented to the
needs of each student. This will lead to a personalized learning model.
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