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Abstract:

This research aims to develop and determine the feasibility of an integrated assessment
instrument to measure the critical thinking skill and scientific attitude of senior high
school students on acid-base titration material. This research used development model 4-
D with define, design, develop and disseminate stage. The product was assessed the
legibility by 151 students and was assessed the feasibility by 7 chemistry teachers in
Sleman Regency, Yogyakarta. The polytomous data generated by the instrument trial was
analysed using the WINSTEPS 3.73 program and the Partial Credit Model 1-Parameter
Logistic (PCM 1-PL) approach. The technique of analysing data consists of interviews,
questionnaires and tests. Data collection analysis used the guidance of interview,
questionnaire instrument user response, questionnaire of agility instrument, integrated
assessment instrument in the form of description questions. The research result showed
that the level of students’ legibility has a reliability value 0.80, and the user instrument
response has a reliability value 0.94. The teachers’ response to the integrated assessment
instrument was stated very good. Therefore, an integrated assessment instrument is
feasible to be used to measure the critical thinking skill and science attitude of senior high
school in on acid-base titration material.
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1. Introduction

Chemistry is one of the sciences included in the Natural Sciences (IPA) family. Agogo &
Onda (2014) stated that chemistry has almost the same characteristics as science, so it can
be considered as the centre of science as well as the mother of all sciences. Chemistry
lesson includes an understanding of macroscopic, microscopic, shapes, and symbolic
images, such as symbols, formulas, reaction equations, and graphs (Sirhan, 2007).
Chemistry lesson aims to involve students in studying chemistry (Prins, 2010).

Chemistry is knowledge obtained and developed based on the experiment
finding the answer to the question; what, why and how natural phenomena occur.
Therefore, chemistry is a knowledge learning all things about substances including
composition, structure, properties, transformations, dynamics, and energetics of
substances that involve skills and reasoning (Mustofa, Pikoli & Suleman, 2013). There are
two things about chemistry that cannot be separated, such as chemistry as a product
(chemical knowledge in the form of facts, theories, principles, laws) scientific findings,
and processes (scientific work) (Nasution, 2014).

One of the chemistries lessons learned by senior high school students is acid-base
titration. An acid-base titration is one of the chemical materials that closely relate to daily
life. However, students assume that the acid-base titration material classifies into difficult
material due to many concepts and examples in acid-base titration material and all they
learn is only memorizing the material. Aydm (2013) stated that the concept application
in chemistry should not only be memorized from the theory, but they should be able to
connect the theory with its application. Therefore, the teacher should have many
strategies in learning including practising the students to think critically. Heng et al.
(2012) confirm that science learning should cultivate scientific skills including process
skills, creative thinking skills and critical thinking skills, and scientific attitude.

Critical thinking is creative thinking, problem-solving, data analysing, and
communication (Stein et al., 2007). Critical thinking skill is an ability requiring students
to apply the information in a new situation and solve the problem. The process of
thinking underlined needs a creative concept, analysing application, synthesis, and
evaluation based on the information gathered from the observation and experience as
guidance to take an action (Espinosa et al., 2013).

In cultivating scientific skills also should have a scientific attitude. An attitude is
someone’s (students) behaviour in accepting a material, such as giving the idea or
argument and even giving a reaction such as a question (Olasehinde & Olatoye, 2014).
According to Pitafi & Farooq (2012) that a scientific attitude is someone’s scientific action
or thinking including curiosity, rationality, open mind, critical thinking, objectivity,
honesty and humility. High curiosity will ask questions, read to find information, and
immediately initiate and take action to lead to new discoveries.

Besides practising students” ability, the teacher needs to assess and evaluate. The
thing that should be viewed and taken an attention in assessing is an instrument made
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by the teacher. However, the question made still dominant used a short answer. Limited
to knowledge, understanding, and application will make students' abilities only used to
solve low-level cognitive problems (Sastrawati, Rusdi & Syamsurizal, 2011). Gardner
(Murtono & Miskiyah, 2014) said that the assessment of short-answer tests at the low-
level cognitive level only captures a small part of the skills and intelligence of students.
Even though at this time, students are required not only to have low-level thinking skills
but also to have higher-order thinking skills (Istiyono, Mardapi & Suparno, 2014).

Mardapi, Kumaidi & Kartowagiran (2011) stated that until today there are still
many instruments of learning result both used by teachers for daily tests and used by the
school for a general test that is still not meet the standard for a good test. Moreover, the
teacher still prioritizes the assessment to the knowledge aspect while the assessment to
the attitude is based on the teacher’s subjective assumption. This case is in line with the
statement of Zoller (2001) that the process of learning that is going on all this time only
emphasize the cognitive aspect. Cantos et al. (2015) proposed that the assessment
expected could reflect students’ overall ability both in knowledge, attitude and skill side.
This case is corresponding with the Minister of Education and Culture Regulation No. 66
of 2013 about the standard of educational assessment that stated the assessment in
learning should include three aspects in learning such as knowledge, attitude and skill.

Based on the description, one of the alternatives that could be done by the teacher
to measure students’ critical thinking skills and scientific attitudes simultaneously is by
integrated assessment. Integrated assessment is a process of students’ learning results
merging from various topics to be one series of efficient assessments (McPhun, 2010). The
instrument of integrated assessment could help the teacher in doing the assessment to
the students’ learning result after following the learning.

2. Method

The type of this research is a Research and Development (R&D). The research method of
Research and Development is a research method used to produce a certain product and
examine the effectiveness of the product. This research model is a procedural model, i.e.,
descriptive research showing the steps that should be followed in producing a product.
The development model in this research used development 4-D (four-D) which was
developed by Thiagarajan, Semmel, & Semmel (1974). This model consists of four stages
of development such as defining, designing, developing and disseminating (4-D). the
development model was chosen since the sequence activities were designed and
developed systems to create and develop the learning product such as assessment
instrument.

This research and development were conducted at a senior high school in Sleman
Regency, Yogyakarta, Indonesia. The legibility test of the integrated assessment
instrument involved 151 students of class XI MIPA. Determination of the test subject for
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the legibility of the integrated assessment instrument used the purposive sampling

technique.

The type of data used is instrument feasibility data. Types of data collection
instruments include interview guidelines, instrument legibility questionnaire sheets,
instrument user response questionnaire sheets, and integrated assessment instruments in
the form of description tests. The data analysis technique used is qualitative data analysis

and quantitative data analysis.

The data were analysed by descriptive quantitative approach then it was
converted to be a category. The product was assessed by the chemistry teacher by using
Scale Linkert as presented in Table 1 below.

Table 1: Scoring Rule

No. | Category Score
1 | Very good 5
2 | Good 4
3 | Sufficient 3
4 | Less 2
5 | Very less 1

Furthermore, the final score was converted to be the feasibility of product as presenind

on Table 2.

Table 2: Ideal Assessment Criteria

No. | Interval Score Category
1 1420< Very Good
2 |340<10<4,20 Good
3 |260<0<3,40 Sufficient
4 180<10<2,60 Less
5 [<180 Very Less

After assessing the user's response to the product in the form of instrument feasibility by
the chemistry teacher, the next step is to conduct a legibility test for students. The final
score of the legibility test was converted into the eligibility category. The instrument

legibility data was obtained from the students' responses which are shown in Table 3.

Table 3: Terms of Qualitative Score Conversion

No. | Answer Choice Score
1 | Very Agree 4
2 | Agree 3
3 | Disagree 2
4 | Very Disagree 1
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The next is the final score was converted into the feasibility category of product as
presenind on Table 4.

Table 4: Score Conversion

No. | Interval Score Category
1 |23,00 Very Good
2 |3,00>X2>2,50 Good
3 1250>X22,00 Less
4 |<2,00 Not Good

3. Result and Discussion

3.1 Data Validity of Legibility Instrument Questionnaire

The validity of the legibility instrument questionnaire was obtained through assessment
used the questionnaire validation of legibility instrument sheet conducted by material
expert lecturers and learning evaluation expert lecturers. The study was carried out by
giving an accuracy score for each item in the questionnaire statement. After obtaining the
data from the analysis, the validity of the instrument legibility questionnaire was
calculated by using equation 1 below.

Where,

A = score of legibility questionnaire

Y x = the number of maximum scores

n = the number of questionnaire statement item

After calculating the average content validity by two experts, the final score of the
validation result was converted into a feasibility category. Based on the analysis result of
material experts and evaluation experts, it was concluded that the average content
validity index of the instrument readability questionnaire was 3.87 with a maximum
score 4.00 which was included in a very good category. The validation result of the
instrument legibility questionnaire is presented in Table 5 as follows.

Table 5: Validation Result of Legibility Instrument Questionnaire

No. | Expert Judgment Average Category
1 | Material Expert 3,80 Very Good
Evaluation Expert 3,93 Very Good
Sum 3,87 Very Good

Note: Max. Score = 4,00
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Based on Table 5, the result indicates that the instrument legibility questionnaire
is feasible to be used for field trials. Other results obtained in the form of suggestions
from expert judgment include the use of language, pictures, tables, graphs, materials and
instrument displays. This case is done to make students do the questions well without
any confusion and other disturbing factors. This case is in line with the opinion of Irwanto
etal. (2017) that the instrument needs to be considered, especially in the use of developing
language, so that students do not feel difficulties in understanding questions. This is
important since language error is one of the factors that can affect test performance.

3.2 Data of Validation Result of Instrument User Response Questionnaire

The validity of the instrument user response questionnaire was obtained through an
assessment using the instrument user response questionnaire validation sheet which was
done by material expert lecturers and learning evaluation expert lecturers. The analysis
was done by giving an accuracy score for each item in the questionnaire statement. After
obtaining the data from the results of the analysis, then the validity of the instrument user
response questionnaire was calculated using equation 1.

After calculating the average content validity by two experts, the final score of the
validation result was converted into a feasibility category. Based on the analysis result of
material experts and evaluation experts, it was concluded that the average validity index
of the instrument user response questionnaire content was 3.88 with a maximum score of
4.00 which was included in a very good category. The results of the instrument user
response questionnaire validation are presented in Table 6 as follows.

Table 6: Validation Results of Instrument User Response Questionnaire

No. | Expert Judgment Average Category
1 | Material expert 3,79 Very good
Evaluation expert 3,96 Very good

Sum 3,88 Very good

Note: Max. Score = 4,00

Based on Table 6, the result shows that the instrument user response questionnaire is
feasible to be used for field trials.

3.3 Data of Instrument Legibility Result

The instrument feasibility level is also supported by the result of the legibility test
questionnaire given to 151 students. The legibility test of the instrument was obtained
through the questionnaire consisting of 15 questions. The legibility test aims to determine
students' understanding of the language use, pictures, tables, graphs, materials, and
instrument displays. The results of the instrument legibility test are presented in Table 7
as follows.
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Table 7: The Result of Instrument Legibility Test

No. | Aspect Score Category
1 Didactic 3,23 Very Good
Construction 3,24 Very Good
3 | Technical 3,27 Very Good
Average 3,25 Very Good

Max. Score = 4,00

Table 7 shows that most of the students responded strongly agree to all aspects measured
in the instrument readability questionnaire with didactic, construction, and technical
requirements obtaining a very good category. These results indicate that the language
use, pictures, tables, graphs, and the material presented in the instrument is easy for
students to understand and it is feasible to be tested in the field.

3.4 Product Assessment by Chemistry Teacher

The product assessment was done by seven chemistry teachers. The aim is to get
suggestions and input from the chemistry teacher to complete the question that has been
developed. The instrument assessment by the reviewer includes five components of
feasibility which were described into 24 criteria. The product feasibility component
consists of substance, construction, language, validity, and practicality aspect which are
adapted from the provisions of the Minister of Education and Culture Number 66 of 2013
concerning educational assessment standards. The user response data for the integrated
assessment instrument is presented in Table 8 as follows.

Table 8: Product Feasibility Category

No. | Aspect Score Category
1 | Substance 4,68 Very good
2 | Construction 4,19 Good
3 | Language 4,09 Good
4 | Validity 4,19 Good
5 | Practicability 4,31 Very good

Average 4,29 Very good

Note: Max. Score = 5,00

Table 8 shows that most chemistry teachers give very well responses to all aspects
measured in the instrument user response questionnaire. These results indicate that the
integrated assessment instrument is feasible for field trials.

3.5 Estimation of Instrument Reliability

All research instruments, besides it, has met the requirements of logical validity by expert
judgment, it also needs to have empirical reliability. Azwar (2011) states that reliability
means how far the results of measurement have trustworthiness, reliability, consistency,
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stability which can be trusted. The measurement results can be trusted if in several
measurements of the same subject group, obtained the relative same result.

The instrument of this research includes user responses and an instrument
readability questionnaire. The results of the reliability analysis using the Winsteps

program are presented in Table 9, while the details are presented in Figure 1 and Figure
2.

Table 9: The Reliability of Research Instrument

No. | Instrument Reliability Category
1 | Questionnaire of Response 0,94 Very High
2 | Questionnaire of Legibility 0,80 High

The estimation of reliability of the research instrument presented on Table 9 shows that
the response questionnaire and the instrument legibility questionnaire have sample
reliability of 0.94 (very high) and 0.80 (high). Therefore, the instrument user response
questionnaire and the instrument legibility questionnaire have met the requirements of
empirical reliability.

4. Conclusion

Based on the result of data analysis and discussion, it can be concluded that the integrated
assessment instrument development used model 4-D, the result showed that students’
legibility level based on didactic, constructive and technical aspects have an average score
3.25 includes in very good category and also have the estimation of reliability 0.80 which
classify as high. The chemistry teacher response to the integrated assessment instrument
is very good with an average score 4.25 based on the substance, construction, language,
validity and practicability. The estimated reliability of the instrument user response
questionnaire is classified as very high with a value 0.94. Therefore, the integrated
assessment instrument is appropriate to be used to measure senior high school students
critical thinking skills and scientific attitude on acid-base titration material.
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Apendix

TABLE 2.1 HASIL UJI KETERBACAAN INSTRUMEN Z0UB24WS.TXT Aug 15 11:39 2821
INPUT: 151 Person 15 Item REPORTED: 151 Person 15 Item 3 CATS WINSTEPS 3.73

| TOTAL MODEL INFIT OUTFIT |
| SCORE COUNT MEASURE  ERROR MNSQ  ZSTD  MNSQ  ZSTD |
|- s |
| MEAN 48.7 15.9 1.35 61 96  -.3 .96 -3
| 5.0 4.4 ) 1.5@ 6 72 1.6 .74 1.6 |
| MAX 58.0 15.9 4.56 77 4,59 5.1 4.65 4.9 |
| MIN 38.0 15.9 -2.49 52 @3 -3.1 3  -3.1 |
|- s |
| REAL RMSE .67 TRUE SD  1.34 SEPARATION 2.81 Person RELIABILITY .80

|
| MODEL RMSE .61 TRUE 5D 1.37 SEPARATION 2.25 Person RELIABILITY .83 |
| S.E. OF Person MEAN = .12 |
Person RAW SCORE-TO-MEASURE CORRELATION = .99

CROMBACH ALPHA (KR-28) Person RAW SCORE "TEST" RELIABILITY = .84

Figure 1: Empirical Data Analysis of Instrument Readability Questionnaire Results

TABLE 3.1 HASIL RESPON PENGGUNA INSTRUMEN ZO0UZ225WS.TXT  Aug 15 15:47 2821
INPUT: 7 Person 24 Item REPORTED: 7 Person 24 Ttem 3 CATS WINSTEPS 3.73

| TOTAL MODEL INFIT OUTFIT |
| SCORE COUNT MEASURE  ERROR MNSQ  ZSTD  MNSQ  ZSTD |
e |
| MEAN 102.7 24.0 1.43 a7 1.00 1 1.15 .0 |
| 5.D 9.9 8 2.67 85 19 6 .70 7]
| Max 115.@ 24.0 4,07 54 1.4 1.4 2.8 1.6 |
| MIN 89.0 24.0 -1.30 43 82 -.6 .78 -.7]
e |
| REAL RMSE .50 TRUE SD  2.81 SEPARATION 4.85 Person RELIABILITY .94

|
|MODEL RMSE .47 TRUE 5D 2.82 SEPARATIOM 4.26 Person RELIABILITY .95 |
| S.E. OF Person MEAN = .85 |
Person RAW SCORE-TO-MEASURE CORRELATION = 1.6@

CROMBACH ALPHA (KR-28) Person RAW SCORE "TEST" RELIABILITY = .95

Figure 2: Data Analysis of Instrument User Response Questionnaire Test Results
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