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Abstract. This study aims to design a scientific reasoning ability test on static fluid
material for prospective physics teachers and test the reliability of the test with the analysis
of the polytomous Rasch model. The method used is a descriptive explanation. The test is
in the form of a description of five questions measuring proportional reasoning ability,
probability, correlation, and deductive hypothesis. The test was given to 28 (M=3 dan
F=25) prospective teachers in one of the state universities in Bandung. The results obtained
are item reliability 0.93, person reliability 0.84, and Cronbach Alpha reliability 0.85 with
excellent categories. The result of the raw variance validity test was able to test the
diversity of students' scientific reasoning abilities. The difficulty of the questions in the
medium category, the accuracy, and the distinguishing power is in the excellent category.
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1 Introduction

Scientific reasoning ability is essential for science education throughout the world in this
21st century [1]. Scientific reasoning is one of the 21st-century skills and must be given to
students and prospective teachers as an effort to prepare them to be able to face global challenges
[2-5]. Although content mastery is still emphasized, skills such as formulating hypotheses,
designing solutions to problems, and reasoning skills are still considered important [1,6]. Today,
the world is more dependent on technology and society, and this makes the understanding of
reasoning abilities is becoming increasingly important, especially for developing countries that
need to focus on creating a STEM workforce (Science, Technology, Engineering, and
Mathematics) [1,7].

Scientific reasoning is the process of applying logical principles to the scientific method,
namely looking for problems, formulating hypotheses, making predictions, solutions and
problems, creating experiments, controlling variables and analyzing data [8], processing
information based on direct observation, and drawing more complex conclusions from the
observed object [9]. Scientific reasoning abilities applies the principles of scientific
investigation, starting with proposing hypotheses, planning experiments, devising or designing,
conducting experiments to conclude [10], combining content knowledge, controlling variables,
and using hypothetical-deductive reasoning to find solutions to scientific problems [1,9,11,12].
Scientific reasoning ability affects the level of ease of students in solving a problem [13-16].
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Scientific reasoning ability is one of the skills tested in the Programme for International
Students Assessment (PISA) test. PISA test results from 2009 showed the student's low
scientific reasoning ability. In the PISA test, especially in science, Indonesia ranks 60 out of 65
countries and gets an average score of 383 from the OECD's average score, which is 501. Trends
in Mathematics and Science Study (TIMSS) is an international study of students' mathematics
and science achievement. The science achievement of Indonesian students in 2011 ranks last,
namely 40th out of 40 countries. This is due to the low percentage of correct answers by TIMSS
participants. The low ability of Indonesian students in PISA and TIMSS is because students
cannot be challenged to think scientifically and have scientific reasoning. So far, education in
Indonesia is still focused on the ability to think conceptually alone and have not trained scientific
reasoning skills [17]

In physics education, assessment addresses various forms of scientific knowledge. Most of
the existing assessment instruments emphasize the evaluation of content knowledge [18]. This
assessment instrument fails to measure investigative ability. This study applies Rasch analysis
to help validate assessment instruments in static fluid material to measure prospective high
school physics teachers' reasoning abilities. The static fluid is one of the physics materials that
require students' reasoning abilities to understand the concept of static fluid in everyday life.
Fluid phenomena are physical phenomena that occur in everyday life.

2 Method research

The purpose of this study was to test the validity, reliability, level of difficulty, and
distinguishing power of the prospective teacher's scientific reasoning ability instruments. The
research method used is descriptive quantitative. The device of scientific reasoning ability on
static fluid material is in the form of description questions totaling five questions. Problem no.1
(S1) deals with proportional reasoning, question no.2 (S2) probabilistic reasoning, question no.3
(S3) correlational reasoning, and question no.4 & no.5 (S4 & S5) hypothetical-deductive
reasoning. The instrument was given to 28 prospective teachers (3 male and 25 female) in the
5th semester of the 2020/2021 academic year who took part in mechanics courses. Processing
and test analysis using the Rasch method [19] with polyatomic data on a scale of 0 to 8 for each
question. The information obtained from the Rasch model results is item measure, person
measure, and wright map. Before the instrument of scientific reasoning ability was distributed,
the device was tested for validation to 3 validators and obtained excellent results.

3. Result and Discussion

3.1. Reliability

Based on the results of data processing in Figure 1, it can be seen that the reliability of the
person is .84 logit and the reliability of the item is .93 logit. Personnel reliability is included in
the excellent category (0.80-0.90), and item reliability is included in the outstanding category.
Besides, Cronbach’s Alpha value is included in a particular type (> 0.83). Based on this
reliability data, it can be concluded that this instrument is perfect for measuring the prospective
teacher's scientific reasoning ability.



SUMMARY OF 28 MEASURED Perscn
| TOTAL MODEL INFIT OUTFIT |
| SCORE COUNT MEASURE  ERROR MNSQ  ZSTD  MNSQ  ZSTD |
R e EE T TR LT PRI P |
| MEAN 26.4 5.8 .55 .62 .97 -.1 .99 .a |
| s.D. 4.7 .8 1.78 .84 .67 1.1 .73 1.1 |
| M. 35.@ 5.8 4.12 .69 2.69 2.2 2.88 2.3 |
| MIN 18.@ 5.8 -2.54 .57 a9 -2.2 .1e -2.@ |
| o o o |
| REAL RMSE .78 TRUE 5D 1.64 SEPARATIOM 2.33 Person RELIABILITY .34 |
| MODEL RMSE .62 TRUE 5D 1.67 SEPARATIOM 2.67 Person RELIABILITY .38 |
| S.E. OF Person MEAN = .34 |
Person RAW SCORE-TO-MEASURE CORRELATION = 1.88
CRONBACH ALPHA (KR-28) Person RAW SCORE "TEST™ RELIABILITY = .85

SUMMARY OF 5 MEASURED Item
| TOTAL MODEL INFIT OUTFIT |
| SCORE COUNT MEASURE  ERROR MNSQ  ZSTD  MNSQ  ZSTD |
| == oo ot |
| MEAN 147.6 28.0 .aa .26 .96 .2 .99 -.1 ]
| s.D. 15.5 .8 1.88 .a8 .31 1.2 .33 1.1 |
| M. 168.8 28.8 1.66 .27 1.36 1.3 1.48 1.5 |
| MIN 123.@ 28.8 1.39 .26 52 -1.5 .67 1.2 |
[ |
| REAL RMSE .28 TRUE SD 1.82 SEPARATION 3.67 Item  RELIABILITY .93 |
| MODEL RMSE .26 TRUE 5D 1.83 SEPARATIOM 3.92 Item  RELIABILITY .94 |

|

| 5.E. OF Item MEAN =

.53

3.2. Validity

Based on the raw-variance data, the results were 69.6% (> 40%). This shows whether the
items used can measure the diversity of the respondent's ability. Data from natural variance
indicates that the items used can measure the variety of prospective teachers' scientific reasoning
abilities.

Fig. 1. Reliability Test

3.3. Fit Statistic (item analysis)-How much (item difficulty level).

This analysis shows the grouping of each item's level of difficulty regarding the scientific
reasoning abilities of prospective teachers. The difficulty level of the thing can be seen through
the measured value in the following Figure. 2.

|ENTRY  TOTAL TOTAL
|NUMBER SCORE  COUNT
| ....................
| 5113 28
| 4 138 28
| 3 152 28
| 1 157 28
| 2 168 28
| ....................
| MEAN 147.6 28.8
| 5.0. 15.8 8

Fig. 2.

MODEL|| INFIT | OUTFIT |PT-MEASURE |EXACT MATCH|

S.E. |PNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| Item |

--------------- T R SR DT EE SRR
260075 -.9] .82 -.8] .84 .8@| 57.1 51.9] S5
26036 1.3]1.48  1.5] .71 .8@| 48.4 53.2] 54 |
.26|| .62 -1.5] .67 -1.2| .85 .79| 71.4 s53.9] s3 |
26038 1.1]1.29  1.8] .71 .78| 32.1 S3.6] 51 |
2700 .77 -.8] .71 -1.8] .85 .78| 67.9 52.8| S2

--------------- T R SR DT EE SRR
26096 -.2] .99 -.1] | 55.@ 53.1|
eall .31 1.2] .33 1.1 | 14.4  .7]

Item Measure



This classification uses the logit average value and standard deviation information. Based
on the data obtained in Figure 2, it is known that the mean is .00 logit and the standard deviation
is 1.06 logit. The sum of the mean and SD values is 1.06 logit (+ 1 SD). The sum of the 1.06
logit value and the SD value is 2.12 logit (+ 2 SD). Next, the < SD group was obtained by
reducing the mean value against the SD value, and it was obtained that <1 SD was - 1.06 logit
and <2 SD was - 2.12 logit. Based on this information, it is known that there are no items that
exceed >2 SD and <2 SD or items that are too difficult and too easy (outliers).

Overall, there are two items below the average with codes S4 and S5, namely hypothetical-
deductive ability, while the other three-item problems have a difficulty level above the average
of 0.0 logit. On the other hand, based on the data from this data processing, the standard
deviation value is 1.06 logit. This information shows that the question of a prospective teacher’s
scientific reasoning abilities is spreading. The difficulty level of the question items differs from
one thing to another. The characteristics of the items that have different levels of difficulty are
excellent to be used as an instrument to measure the scientific reasoning ability of prospective
teachers in a static fluid material. Through data processing using the Rasch model, information
on a difficulty can be obtained more specifically through the mean and standard deviation
values.

3.4. How Precise (Level of Measurement Accuracy).

The level of measurement accuracy by items can be known through Standard Error
Measurement (SEM). SEM score of> 1.0 logit is included in the question category that lacks
research power and distinguishing power. Based on the results of data processing in Figure 2, it
is known that the SEM value of all items is <1.0. This data shows that all things about static
fluid material's scientific reasoning ability have good accuracy and distinguishing power level.
Thus, this item is perfect to be used as a measurement instrument.

3.5. Prospective Teacher’s Scientific Reasoning Ability

The scientific reasoning ability of a prospective teacher is shown in measure values with
logit as units. There are several classifications of future teacher’s scientific reasoning abilities,
as seen in Figure 3 below. Based on the data in Figure. 3, prospective teachers' scientific
reasoning skills in static fluid material can be seen. With a value of + 4.12 logit, the teacher's
highest power comes from two students with codes 10 and 22. At the same time, the lowest
ability is - 2.54 logit from prospective teachers with code 16. Future teachers' power is slightly
higher than the average difficulty level of the question items 0.0 logit as in the high, very tall,
outlier classification. Overall, this item can distinguish the level of diversity in the prospective
teacher's scientific reasoning abilities.



|ENTRY TOTAL TOTAL MOOEL | INFIT | OQUTFIT |[PT-MEASURE |EXACY MATOM| |
[NMUMBER SCORE COUNT MEASURE S.E. [MNSQ ZSTOIMNSQ ISTDICORR. EXP.| O8SX EXPN| Person]

Jroesreasnrsronssran s nsrEant e ST St t-S S Srrs—sssscon Premsaacaney toonmane

I 19 35 s &.12 .6911.21 .511.22 .51 .23 .59] ee.0 54.2] 10 |
I 22 3s 3 4.12 .69] .57 -.7] .56 -.7| .92 .59] 60.9 S&.2| 22 |
Very High
| 14 33 3.20 .68]2.04 1.5]1.93 1.3| -.e2 .56] 20.0 S6.9] 14 |
| 19 32 s 2.74 .67] .34 -1.1] .38 -1.1] .65 .54| 60.0 57.1] 19 |
Hygh
| 2 30 s 1.85 .66] .47 -.8] .3% -.9| .00 .56] 0.0 S5.5| @2 |
I 6 3o s 1.85 .6611.98 1.4]2.05 1.4] .57 .S6] 40.@0 S5.5] 06 |
| 7 30 s 1.85 .66]2.01 1.4]2.27 1.5] .54 .s56] 20.0 55.5] o7 |
I 11 e s 1.85 .66} .15 -1.8} .16 -1.6] .: .56l100.0 S5.5] 11 |
| 21 e s 1.85 .66] .61 -.4] .7e -.2| .92 .56] 0.0 55.5| 21 |
I 26 Qe s 1.8 68| .97 .21 .81 el .92 .56] 0.0 55.5] 26 I
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I 3 27 s .65 .61] .09 -2.2] .20 -2.0] .94 .65]1100.0 58.7| @1 |
I 4 27 s .65 .61 .56 -.6] .46 -7 .72 .65} 0.0 sS8.7| es ]
| s 27 s .65 .61 .67 -.3] .64 -.3| .64 .65] 0.0 S8.7] oS |
| 17 27 s .65 .61] .67 -.3] .64 -.3] .6s 65| 0.0 S8.7| 17 |
I 24 26 3 m.za 60| .94 .11 .93 .11 .8 .67] 60.0 S1.1] 24 |
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I 12 23 s -.72 s7] .29 -1.6] .28 -1.5|] .81 .64] 80.0 47.1] 12 |
| 18 23 5 -.72 57| .46 -1.0] .41 -1.0] .73 .64| s@.0 47.1] 18 |
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Fig.3. Person Measure

3.6. Wright Map

Based on the data distribution presented in Figure 4, it can be seen that the average line of
the reasoning ability level of prospective teachers (.55 logit) is higher than the middle line of
problem difficulty level (0.0 logit). This data shows that all future teachers' average ability in
answering scientific reasoning questions is higher than the intermediate difficulty level of all
questions. There was 16 prospective teacher who had logit scores above the moderate problem
difficulty and 12 future teachers who obtained logit scores below the average problem difficulty
level. Prospective teachers 10, 22, 14, and 19 were the groups of prospective teachers who had
the most success in answering all scientific reasoning questions. Meanwhile, four future
teachers, 08, 15, 20, and 16, are prospective teachers who have difficulty answering all scientific
reasoning questions. On the other hand, it can be seen that all question items do not have the
same problem. All question items have a different difficulty level from S5 as the most
challenging item, while S2 is the most comfortable item to answer correctly.
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Fig. 4. Wright Map

The most challenging problem is hypothesis-deductive reasoning ability. Hypothesis-
deductive reasoning ability is a higher-order thinking ability level used by scientists [20].
Hypothesis-deductive reasoning is related to testing the hypotheses obtained through deductive
reasoning. A reasoned argument is an attempt to show that a conclusion must follow a set of
premises. A deductive argument is valid if its decision follows precisely from the assumption;
if the conclusion is correct, then the hypothesis is true. Reasoned arguments make sense if they
are right and the premises are true. Deductive reasoning can be a factor that can help a
prospective teacher recognize cognitive conflicts and solve the problems [21]. A person's
emotions affect one's deductive reasoning. They tend to damage the reason [22]. This is
influenced by the balance between two factors, namely personal and physiological relevance,
acting independently. This is consistent with the new utility theory [22-25], which suggests that
emotions play a significant role in human rationality [22].

4. Conclusion

The purpose of this study was to test the instrument for the scientific reasoning ability of
static fluid material of prospective high school teachers. The device includes description
questions totaling five questions testing proportional, probability, correlation, and hypothesis-
deductive reasoning ability. The results obtained are item reliability 0.93, person reliability 0.84,
and Cronbach's Alpha reliability 0.85 with excellent categories. The result of the raw variance
validity test tested the diversity of students' scientific reasoning abilities. The difficulty of the
questions in the medium category, the accuracy, and the distinguishing power is in an
outstanding variety. The scientific reasoning ability test developed is suitable for use.
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