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ABSTRACT

The science education curriculum needs to contain content
on environmental issues including energy and its use as an
effort to equip prospective physics teacher students with
knowledge about the importance of reducing the impact of
energy use. For this reason, it is important to measure
energy literacy knowledge in prospective physics teacher
students. This study aims to design and validate a four-tier
test instrument to measure the energy literacy knowledge
of prospective physics teacher students. The test
instrument format used is a four-tier test. This test model
has the advantage of being able to capture more accurate
information with various answer patterns. The stages of
developing this test used the design-based research model
which consisted of five stages, namely developing an
assessment framework, designing items, developing
rubrics, conducting tests, and applying the Racsh Model
analysis. The application of the Racsh Model analysis aims
to obtain a valid and reliable test instrument with the Item
Response Theory (IRT) approach assisted by the Winsteps
program. The research method used is a descriptive-
exploratory method to describe the results of the
development and validation of the Four Tier test to
measure Energy Literacy for prospective physics teacher
student. The validation of the test was carried out through
an assessment by five experts to assess the construct and
content of the test instrument. The results of the item
validation showed that the questions were acceptable in all
aspects. The conclusion is that the test with four-tier
format is suitable for identifying the knowledge of
prospective physics teacher students about Energy
Literacy. The four tier test model in exploring the energy
literacy abilities of prospective teacher students can
basically also be applied to students at the elementary
school, middle school and high school levels. However, the
complexity of the content tested needs to be adjusted to the
existing curriculum at each level.
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INTRODUCTION

Energy is an important concept in physics so that citizens can make the right decisions regarding
important social issues such as energy production and use and climate change [1] [2]. Energy is a key
issue for sustainable development which is also the responsibility of science education [3] [4] [5] [6]
[7]- 1t because education that has the potential to change the behavior of young adults to use energy
rationally and increase energy literacy [3] [7] [8]. Therefore, science education has an important role
in preparing young adults from an early age to become future decision makers regarding energy [9]
[10] [11].

Physics teacher candidate students are today's citizens who have personal responsibility in terms of
energy use. In addition, in the future they are teachers who have the responsibility to teach students the
concept of energy. Teachers play a key role in improving students' conditions [12] [13] [14]. It is
important for prospective physics teacher students to have energy literacy so that in the future they can
grow and develop their students' energy literacy. With their energy literacy, teachers were expected to
be the main agents who can reorient education so that they can bring change towards a sustainable
world [10] [15] [16].

Measuring energy literacy for prospective physics teacher students is important for at least two
reasons. First, the measurement results will inform the state of the energy literacy of the respondents
being measured. Second, measurement results provide data to make the right decisions [9] [11] [17].
To obtain data about the energy literacy of prospective physics teachers, measurement instruments are
needed. Research on the development of instruments and measurement of energy literacy has been
carried out a lot. In terms of the age group of the participants, the studies that have been carried out
vary from elementary school age children [10,18,19] to junior high and high school age groups [11]
[18] [20] [21] [22]. Research on energy literacy at the student teacher level has so far not been
conducted.

An instrument is said to be good if it has three characteristics; valid, reliable, and usable [23] [24]
[25]. There are several approaches that can be used to perform instrument validity, namely content
validity, construction validity, and criterion validity [23] [26]. To obtain a test instrument that is valid,
reliable and effective in its use, an analytical model is needed. for the testing process. There are two
types of theory that can be used in analyzing test instruments, namely classical theory and modern
theory, also known as Item Response Theory (IRT) or item response theory. Classical theory has a
number of fundamental weaknesses, one of which is the classical test theory model using some
statistics such as the level of difficulty and the discriminating power of the items depending on the
respondents tested in the analysis [27] [28]. For this reason, psychometricians offer an alternative
measurement theory and model called item response theory (IRT).

A popular model in the use of item response theory (IRT) is known as the logistic model. There are
three types of logistic models, namely one-parameter logistic models, two-parameter logistic models,
and three-parameter logistic models. The one-parameter logistic model is one of the most widely used
IRT models. This model is also named as Rasch Model [27] [29] [30]. Based on the advantages of IRT
theory and the Rasch model, it was decided in this study to use the Rasch model as a modeling
approach assisted by the Winsteps software. Based on the background previously described and to
meet these needs, it is necessary to develop a Four Tier Test instrument with the Rasch Model analysis
assisted by the Winsteps program to measure the energy literacy of prospective physics teacher
students. The form of the research problem is how to design and validate the four tier test instrument
on the topic of energy literacy using the Rasch model analysis?

p-ISSN: 2477-5959 | e-ISSN: 2477-8451 75



The Design and Validation of the Four Tier Test Instrument for Energy Literacy...
Tri Hastiti Fiskawarni, Rahmawati, Widiasih, Rezkawati Saad

METHOD

Research design

This research is a type of research and development using design-based research (The Design Based
Research) which was adapted from Kuo, Wu, Jen, & Hsu [32]. The research design includes five
steps, namely (1) developing an assessment framework; (2) designing items; (3) developing a scoring
rubric; (4) conducting trials; and (5) applying the Rasch Model analysis. The systematic steps of
developing this test instrument can be seen in Figure 1.

Step 1:
developing an assesstment
framework
Step 5: 4
Constr !
applying the Fasch hodel - onstruct 2::' 2.n Ltems
andlysis map \/ grung
The Argument i
Lo Fasch Model |-e-eeeeemmsebonscacccaceed Ttem Desaign
Validity H .
Step 4: h"-‘ : ,-"'
conducting trials Step 3:
Result Space devreloping a scoring rubric

Fig 1. Development Design of Four Tier Model Multiple Representation Test

Participants
This study involved student physics teacher candidates from two different universities in the city of
Makassar, namely institution A and institution B. The number of participants involved in this study
was different at each stage of the study. The summary of the participants in this study is shown in
Table 1.

Table 1. Participants in the Instrument Trial Stage

Stage Total Institution
Pilot Test 35 A
Field Test 63 B

Data collection techniques, Data Analysis Techniques, and Research Instruments

Data collection in this study was carried out by several techniques. The description of the instruments
and techniques of data analysis as well as the division of labor in the research can be shown in Table
2.

Table 2. Data Collection Techniques and Procedures

Measured Data Data collection Data Analysis Instrument

Aspect Resources  techniques technique

Four tier test Researcher Document Qualitative and Item of Energy

design analysis quantitative Literacy Test

description

Validation of Expert Validation CVR and I-CVI Validation

instrument Judgement  questionnaire agreement index questionnaire,

assessment analysis Energy literacy

developed four tier test

Pilot test Students Dissemination Rasch Model analysis Energy literacy
of test with  PCM  (Partial four tier test

Credit Model) type
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Measured Data Data collection Data Analysis Instrument

Aspect Resources  techniques technique

Field test Students Administration Rasch Model analysis Energy literacy
of test with  PCM  (Partial four tier test

Credit Model) type

The feasibility analysis of the resulting test instrument product is carried out based on agreement
between expert judgments by determining the value of the agreement coefficient using the CVR and I-
CVI equations formulated by Lawshe [33]. CVR content validity analysis uses the formulation:

N
CVR = NeN 2 1)
2
Note:
CVR = Content Validity Ratio
Ne = Number of experts who declared relevant
N = Number of expert judgments

Furthermore, the I-CVI analysis is calculated using the formula:

- — Ne
I—cvi== )
Note:
I- CVI = Item Content Validity Index
Ne = Number of experts who declared relevant
N = Number of expert judgments

An item is said to be feasible if the CVR coefficient is in the range 0-1. However, the determination of
whether the items are accepted or rejected is done by comparing the calculated CVR value with the
critical value of CVR [34]. The critical value of CVR depends on the number of reviewers. This study
uses as many as five reviewers so that the critical CVR coefficient value is 0.99. Furthermore, the
value of the item content validity index (I-CVI) is interpreted with a number of categories. The item
content validity index is in the range of 1-0 with the category level divided into three categories as
shown in Table 3.

Table 3. Item Content Validity Index Category

Interval IndexI-CVI Category
I-CVlzecoune> 0.79 Relevant
0 < I-CVlzeeount< 0.79 Revision
I-CVI zecount< O Elimination

The test instrument that has been tested for feasibility is then tested on several samples. The data from

the field trials were analyzed using the Rasch PCM (Partial Credit Model) model with the help of the

Winstep version 3. 68 program. 2. There are several criteria that need to be observed in determining

the quality of the test instrument through statistical summary analysis, including the following:

a. Comparing the value of a person measure with an item measure (in logic) (the value of an item
measure is always 0.0 logic). If the logic person measure value is higher than the item measure,
this indicates that the respondent's ability (ability) tendency is higher than the item's difficulty
level.

b. Cronbach's Alpha coefficient value data. This value measures the reliability of the instrument,
namely the interaction between the person and the item as a whole. Furthermore, Cronbach's
Alpha coefficient values are categorized based on the range of coefficient values. Cronbach's
Alpha reliability category [35] is shown in Table 4.
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Table 4. Cronbach's Alpha Reliability Categorization

Coefficient reliability of Cronbach’s Alpha Category
0,8<a Special
0,7<a.<0,8 Very Good
0,6 <a.<0,7 Very nice
0,5<a<0,6 Enough
a<0,5 Weak

c. Data value of person and item reliability. The level of quality of person reliability and item
reliability can be divided into several categories based on the reliability coefficient value. The
categorization of the level of reliability of persons and items is presented in Table 5. showing the
categorization of the level of reliability of persons and items.

Table 5. Interpretation of Item Reliability

Value of Item reliability (r) Category
0,94 <r Special

0,91 <r<0,94 Very good

0,80 <r<0,91 Very nice
0,67 <r<0,80 Enough
r< 0,67 Weak

d. Data person and item separation. Person and item separation aims to group people (respondents)
based on their level of ability to items. Meanwhile, item separation is used to verify the item
hierarchy. The greater the value of separation, the quality of the instrument in terms of overall
respondents and items is better because it can identify groups of respondents and groups of items
[36] [37].

Data on the value of person fit and item fit in the infit mnsq and outfit mnsq columns, as well as the
value of infit Zstd and outfit Zstd which follow the ideal value of the Rasch model (ie 1.00).
Meanwhile, the standard Z value (Zstd) on infit Zstd and outfit Zstd, both on person fit and item fit
refers to the ideal value of 0.0. To see the level of suitability of the items, there are several criteria that
must be met, namely 1) the value of the outfit mean square (mnsq) received: 0.5 <mnsg< 1.5; 2) the
value of outfit Z-standard (Zstd) received: -2.0 <zstd< +2.0; and 3) point measure correlation value (Pt
mean corr): 0.4 <Pt measure corr. < 0.85 [36] [37] [38].

RESULTS AND DISCUSSIONS

Developing assessment framework

The assessment framework was developed as a reference for the next steps. The development of this
assessment framework refers to the theoretical analysis related to the learning taxonomy by Revised
Bloom's Taxonomy [39] and Marzano’s Taxonomy [40].

There are three criteria used to build the right framework for this test model. First, the learning
taxonomy covers the cognitive domains of behavior and knowledge in one model. Second, this
taxonomy of learning clearly distinguishes between thought processes and knowledge. Third, the
learning taxonomy can predict behavior related to essential concepts in Electrical material. The
empirical analysis was carried out on several aspects related to the analysis of students' initial concepts
on the Dynamic Electricity material in the Basic Physics course using a two-tier test instrument.

Designing items

The item design follows the assessment framework that has been prepared previously. Items are
developed in a paper-and-pen assessment format in the form of an objective four-tier format. Several
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aspects were taken into consideration in designing a four-tier model multi-representation instrument
item. First, the context aspect, the context aspect considers the criteria that the items developed must
(a) be in accordance with the real life of undergraduate students (aged 18-25 years); (b) the context is
authentic; (c) includes content that should be mastered by prospective physics teacher students; (d) in
accordance with the competencies formulated. Second, the sensitivity aspect, namely the items
developed must (a) be used nationally, free from the cultural context and knowledge of certain cultural
groups; (b) not gender biased. Third, the technical aspects include (a) the assessment can be used in
the classroom both online and offline; (b) easy scoring and interpretation of the results; and (c) the test
can be answered within a maximum of 90 minutes so as not to cause boredom to the tester which can
result in bias in the test results.

The items of this test instrument are 40 items spread over a number of materials about energy. The
distribution of the material, the concept of energy, and the number of items developed were presented
in Table 6.

Table 6. Blue Printof the test on Electricity Topic

No. Learning outcome Item number

1 Identifying non-renewable and renewable energy resources 1,234

2  Explaining the relationship between energy consumption and 5,6,7,8
the result of emissions

3 Calculating the cost of electricity consumption 9,10,11,12

4  Calculating the energy produced from an energy source 13,14,15,16

5 Identifying energy-related misconceptions 17,18,19

6  Making conclusions from information about energy presented in the 20,21,22,23
form of tables or graphs

7  Analyzing the impact of using certain energy sources on 24,25,26,27

the environment
8 Using information to make decisions regarding energy consumption 28,29,30,31,32
and purchases

9  Proposing alternative solutions to energy-related problems 33,34,35,36
10 Showing a tendency to behave energy-saving 37,38,39,40
Total of number item 40

Developing scoring rubric

The development of the scoring rubric is related to the construct modeling approach, namely item
design and result space (Figure 1). The results space consists of a set of different qualitative categories
for identifying, evaluating, and scoring student answers [41]. The development of the scoring rubric
refers to the scoring model scheme developed by Gurcay & Gulbas [42] adapted according to the four-
tier energy literacy test. Students' energy literacy abilities were divided into three categories, namely
understanding, not understanding, and misconceptions. The categorization of energy literacy abilities
based on the pattern of interpretation of answers was shown in Table 7.

Table 7. Categorization of Understanding Levels based on Interpretation of Answer Patterns

Confidence Confidence o
Answer Reason Criteria
level of answer level of reason
Correct High Correct High Understand
Correct High Correct Low Not understand
Correct Low Correct High
Correct Low Correct Low
Correct High Wrong Low
Correct Low Wrong Low
Wrong Low Correct High
Wrong Low Correct Low
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Confidence Confidence .
Answer level of Reason level of Criteria
evel of answer evel of reason
Wrong Low Wrong Low
Correct High Wrong High
Correct Low Wrong High Misconception
Wrong High Correct High
Wrong High Correct Low
Wrong High Wrong Low
Wrong High Wrong High
Wrong Low Wrong High

Pilot Testing Instrument

The assessments that have been developed include frameworks, items, and scoring rubrics which are
validated by experts first as a validation process for expert judgment. The expert judgment process
aims to see the quality of the assessment developed including the quality of the items
(simple/uncomplicated language, and clear), the suitability of the content of the construct being
measured, and the alignment between the items developed and the construct [43] [44] [45]. The expert
validation process was given to five experts each in the fields of assessment, learning, and physicists.

The score given for each aspect assessed is 0 and 1. If the item is in accordance with the aspect being
assessed, then it is given a score of 1 by putting a check mark () in the column provided and giving a
score of O if it does not match the aspect of the assessment by placing a mark times (X) in the column
provided on the judgment sheet. The results of expert judgment were analyzed using the CVR and I-
CVI equations. The results of the calculation analysis show that a CVR value of 0.99 is accepted for
the number of SME (Subject Matter Expert) as many as 5 expert judgments based on the provisions of
the allowed critical CVR value. Meanwhile, the I-CVI coefficient value was obtained at 0.99 with the
appropriate category. From the results of the validation of the contents of the CVR and I-CVI, it can
be concluded that the four-tier test model multi-representation ability test instrument has appropriate
content validity for all items.

The next step is to test the test instrument. The trial process is carried out through the pilot testing and
field testing stages. The pilot testing stage involved 30 prospective physics teacher students from one
of the public universities in the city of Makassar. Sampling for pilot test needs does not have to go
through strict procedures. Linacre explained that the use of a sample with a range of 16-36
respondents for pilot test purposes was feasible to obtain stable estimation results with a range of 1
logic and a 95% confidence level [47]. The criteria for at least 50% of the answers to all items tested
have been met by 30 respondents.

The results of the pilot test analysis showed that the test instrument developed was feasible to use.
There are only two questions (S10 and S19) that require a little revision in terms of language in the
guestions. Furthermore, the trial was continued with a field test involving 79 prospective physics
teacher students from different universities from the pilot test sample in the city of Makassar. The
following is a description of each stage of data analysis of field test results from the four-tier test
instrument developed with the application of the Rasch Model.

Applying the Rasch Model Analysis

The Rasch model analysis was applied to the data obtained from the test results. All Rasch analyzes
were performed using Winsteps software version 3.68.2 [48]. Because the item answer score model is
in the form of a polytomy and also the maximum score between items is not the same, the Rasch
analysis used is PCM (Partial Credit Model).

Figure 2 show a problem measurement report that displays the results of expert validation for the
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problem categories with Rasch Model analysis through Winstep software.
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Fig 2. The results of expert validation for the problem categories with Rasch Model analysis through

Winstep software

Rasch Modeling Analysis of the reliability and separation of items and persons

Analysis of reliability level, item separation and test person were obtained from the output data of
Winsteps Ministep program version 3.68.2. Analysis of test reliability was reviewed on three aspects,
namely the reliability value of Alpha Cronbach (KR-20), the value of person reliability, and the value
of item reliability. For the observation of the separation variable, it is possible to observe the
separation of items and persons. Figure 3 showed the results of the test reliability analysis using the

Winstep software.
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Fig 3. The results of the test reliability analysis using the Winstep software

The results of the analysis of several aspects of reliability and separation observations are shown in
Table 8.

Table 8. Summary of Analysis on Cronbach's Alpha, Person and Item Reliability, and Person and Item

Separation
Statistic Statistic aspect Value
Reliability Cronbach’s Alpha 0,70
Person reliability 0,69
Item reliability 0,93
Separation Person separation 1,50
Item separation 3,58

Table 8 shows that the reliability value of Cronbach's Alpha (KR-20) is 0,70. The reliability value of
Alpha Cronbach (KR-20) indicates that this four-tier test instrument has internal consistency reliability
in a good category [49]. Bond & Fox confirmed that the Cronbach's Alpha coefficient obtained
through the Rasch analysis approach is in the range of 0,70 to 0,99 which is the allowable value with
the best acceptance category [50].

The results of Rasch's analysis on person reliability and person separation are 0,69 and 1,50
respectively [35]. The person reliability value obtained is in the fairly good category which indicates
that the responses from the respondents are quite good and consistent [51]. For the aspect of person
separation, the coefficient value obtained is 1,50. Krishnan & Idris [52] stipulated that the person
separation value must be greater than 1,00 to ensure that the respondents being measured are spread
throughout. Person separation of 1,50 (< 3.0) is included in the acceptable category although this value
indicates the test instrument is less sensitive to distinguish between high-skilled and low-skilled
persons [36].

The value of item reliability and item separation obtained from the results of the analysis respectively
were 0,88 and 3,6 (> 3,0). The value of this reliability item is in the good category [35]. The item
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separation coefficient value obtained is in the good category. Linacre confirmed that the item
separation value greater than 2,00 is interpreted as good. This implies that the person sample is
sufficient to confirm the item difficulty hierarchy [36] [52].

Rasch modeling analysis on item fit

Determination of item fit is based on three criteria, namely the outfit means-square (MNSQ), the outfit
z-standard (ZSTD), and the point measure correlation (PT-MEASURE CORR). If one of these three
criteria is not met, it can be ascertained that the item is not good enough so that it needs to be revised
or discarded [35] [53] [54].

The following was the result of the item fit analysis presented in Table 9.

Table 9. Summary of Fit Item Statistics Results of the Energy Literacy Test for Pilot Test

No. tem Infit Outfit Pt-Measure
Mnzq Zstd Mnzq Zstd Corr. Exp.
1. s1 0,93 -0,2 0,73 -0,7 (0.30) 0,16
2. S2 1,04 0,5 1,04 0,4 0,25 0,31
3. S3 0,95 0,0 0,66 -0,5 0,11
4, S4 0,87 -2,0 0,82 -1,7 0,47 0,28
5. S5 1,08 1,1 1,09 0,8 0,28
6. S6 0,80 -3,2 0,76 0,57 0,28
7. S7 1,00 0,2 0,94 0,1 0,10
8. S8 1,03 0,3 0,99 0,00 0,32
9. S9 0,93 -0,4 0,93 -0,4 0,41 0,32
10. S10 0,99 0,0 1,00 0,0 0,31
11. S11 1,03 0,3 1,09 0,51 0,26 0,32
12. S12 1,20 2,8 1,24 (2,4) (0,00) 0,29
13. S13 0,94 0,0 0,61 -0,6 0,11
14. S14 1,01 0,1 0,94 -0,2 0,21
15. S15 0,96 -0,5 0,94 -0,6 0,31
16. S16 0,89 -0,9 0,91 -0,6 0,45 0,32
17. s17 1,09 0,7 1,42 1,9 0,22
18. S18 1,01 0,2 1,02 0,2 0,28
19. S19 1,01 01 1,01 0,2 0,29
20. S20 1,10 1,5 1,37 0,07 0,28
21. S21 0,96 -0,5 0,94 -0,5 0,37 0,31
22. S22 1,12 0,6 1,33 1,3 0,31
23. S23 0,99 -0,1 0,98 -0,1 0,31
24, S24 0,91 -0,3 0,78 -0,7 0,18
25. S25 0,89 -0,7 0,89 -0,6 0,47 0,32
26. S26 0,97 -0,4 0,95 -0,4 0,33 0,28
27. S27 0,76 -1,0 0,66 -1,2 0,63 0,30
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Infit Outfit Pt-Measure

No. Item

Mnzq Zstd Mnzq Zstd Corr. Exp.
28. S28 1,10 1,0 1,19 1,7 @] 0,31
29. S29 1,01 01 1,11 0,6 0,32
30. S30 1,00 0,0 1,00 0,1 0,28
31 S31 1,02 0,2 1,00 0,00 0,32
32. S32 1,02 0,3 1,02 0,2 0,31
33. S33 0,88 -0,5 0,93 -0,2 0,43 0,31
34. S34 0,99 0,0 0,99 -0,1 0,31
35. S35 1,05 0,7 1,00 0,0 0,28
36. S36 1,05 0,5 1,07 0,6 0,24 0,31
37. S37 1,03 0,3 1,05 0,3 0, 27 0,32
38. S38 1,11 1,0 1,11 0,8 0,32
39. S39 1,03 0,2 1,03 0,3 0,32
40. S40 0,99 0,0 0,98 -0,1 0,32 0,31

The results of the analysis show that item number 10 (S10) has a tendency not to fit because it does
not meet the requirements for Outfit Zstd (-2,1), but meets the criteria for Outfit Mnsq and Pt. measure
corr. S10 item is still within the allowed limit so that S10 item can be maintained. There were some
items that do not meet the Pt criteria. Measure corr. but the other two criteria are met. This showed
that S10 item was still within the allowable limits so they do not need to be omitted. Meanwhile, nine
items have met the three criteria, so they can be accepted well. Thus, it can be concluded that there are
no items that need to be changed or discarded.

Rasch Modeling Analysis on person fit

Information that can be used to observe items that do not fit the model (misfit) are: 1) the value of the
outfit mean square (mnsq) received: 0.5 <mnsg< 1.5; 2) the value of outfit Z-standard (Zstd) received:
-2,0 <zstd< +2,0; and 3) point measure correlation value (Pt mean corr): 0,4 <Pt measure corr< 0,85
[36] [37] [38]. By using the three criteria for observing person fit, none of the respondents (people)
experienced misfit. The results of this person fit analysis can be a reference for further research. To
obtain better data, the research sample used should be enlarged so that the data distribution can be
more comprehensive.

CONCLUSION AND SUGGESTION

Based on the results of the development and feasibility test process through the validation stage, pilot
test, and field test, it can be concluded that the four-tier test model has met the requirements of content
validity (expert judgment), construct validity (empirical validity), reliability test, and test the level of
suitability of items through the analysis of the Rasch model with Item Response Theory (IRT)
approach. Thus, this test consists of 20 questions and their scoring rubric was declared suitable to be
used to measure energy literacy ability of prospective physics teacher students on the topic of energy.
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