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This study aims to examine the validity, reliability, and item characteristics of
scientific literacy assessment instruments on cell material. The scientific literacy
category encompasses the skills of discerning valid scientific arguments, assessing the
credibility of sources, evaluating the proper and improper utilisation of scientific
information, comprehending the components of research design and their influence
on scientific conclusions, and comprehending and interpreting graphical depictions
of data. The participants in the study were students enrolled in the 5th semester of
the elementary school teacher education programme. The validity test involved
assessing content validity with the Aiken V validity index and construct validity by
Exploratory Factor Analysis (EFA). The reliability test is conducted by calculating
the reliability coefficient, denoted as r, using the correlation product moment test.

The characteristic test is conducted by assessing the degree of complexity and the
ability to differentiate. The findings indicate that the scientific literacy assessment tool
for cell material is a valid instrument, as determined through the investigation of
content validity, construct validity, and item featutres. Therefore, the evaluation tool
is appropriate for utilisation as a research instrument to gauge students' scientific
literacy in cell material.
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INTRODUCTION

The demands of the 21st century require that the education system be in accordance with
the times. The development of science in the 21st century is oriented towards science and
technology. Science education, often known as science, is an educational domain that aligns
with contemporary knowledge and can be enhanced by employing scientific reasoning (Wieman,
2010). PISA research conducted by the OECD indicates that Indonesian students score 10th
out of all nations in terms of scientific literacy. This demonstrates the insufficient proficiency
of Indonesian students in solving PISA questions. PISA scientific literacy questions assess
individuals' scientific knowledge and their capacity to recognise questions, elucidate scientific
phenomena, and derive conclusions from the given evidence (Afriana et al., 2016; Hapsari et al.,
2019; Khayati & Raharjo, 2020).

Scientific literacy, according to Holbrook & Rannikmae (2009), includes three aspects:
understanding science in terms of concepts (what do people know), ethics or moral values (what
do people value), and context (what can people do). Scientific literacy is a student's ability to
apply science concepts to everyday life (OECD, 2019). Scientific literacy is not merely the ability
to understand scientific knowledge but also the ability to understand scientific processes and
apply them to deal with real conditions that occur in the environment (Rusilowati, 2018). Thus,
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these conditions demand that the quality of science education in Indonesia improve because
science education is responsible for achieving scientific literacy in the nation's children (Nyoman
& Handayani, 2015).

International education is now focusing on the importance of mastering scientific literacy
as the main goal of EFA (Education for All) education by UNESCO (Udompong &
Wongwanich, 2014). It is necessary to carry out the assessment of students' scientific literacy
abilities within a certain period of time. One of the surveys to measure students' scientific literacy
skills is the PISA test, which is held every 3 years. The PISA scientific literacy assessment does
not only assess a general context; more than that, the scientific literacy assessment assesses
competency and knowledge in a more specific context. That is, the assessment of scientific
literacy does not only assess students' understanding on the surface but also assesses students'
understanding in depth (OECD, 2015). So far, evaluation tools have only emphasised content,
not scientific literacy, such as applying science in everyday or contextual life, thinking to solve
problems, and some scientific process abilities (Ridwan et al., 2015). Therefore, researchers
should develop scientific literacy instruments to measure students' ability to apply science
concepts in everyday life (Soobard & Rannikmae, 2011). Assessment is an important activity in
the learning process, so it must be planned propetly (Putri et al., 2022). Therefore, an instrument
as a measuring tool for an assessment must be able to collect information and assess the
characteristics of an object in the form of thinking abilities, attitudes, interests, and other
information (Lestari & Setyarsih, 2020).

Currently, the study of scientific literacy in everyday life is very closely related to the
development of technology and the technology used in science. Scientific literacy is an ability
that can keep pace with the rapid development of science and technology (Mayasari et al., 2010).
The scientific literacy measured in this study refers to indicators of scientific literacy according
to Gormally et al. (2012). These indicators include the capacity to recognise sound scientific
arguments, assess the credibility of sources, evaluate the proper and improper utilisation of
scientific information, comprehend the components of research design and their influence on
scientific results and conclusions, and comprehend and interpret graphical depictions of data.
These indicators encompass the three indicators establishedin PISA 2018 at OECD (2019)
(explaining phenomena scientifically, evaluating and designing scientific investigations, and
evaluating and designing scientific investigations) but have integrated other aspects such as
identifying scientific arguments, sources of information, misinformation, understanding
research design, and reading data based on graphs. With the integration of several of these
aspects, the level of scientific literacy that is measured is not only an aspect of knowledge but
also measures the level of analysis and interpretation of students in various kinds of scientific
phenomena.

The instruments developed based on these indicators refer to concepts, problems,
phenomena, arguments, and data. Currently, there is a lot of science-related data that is widely
published on digital platforms, but not all of the information that is disseminated is information
that may not be trusted. Therefore, the instrument developed in this study also integrates
students' abilities in using technology to process information, especially in scientific literacy.
One example is by providing a direct source of information in the form of a website url. By
tracing this information, students can directly analyse the quality of the information contained
on the website and make decisions about what has been understood in that source. Students as
prospective educators must possess these abilities to develop skills in identifying, analyzing,
reading, interpreting, and disseminating information appropriately.

Based on the results of the preliminary study, the development of an assessment
instrument in the form of questions based on scientific literacy really needs to be done. Either
as an evaluation tool and reference material for teachers in developing assessment instruments
or as training material in answering scientific literacy questions for students (Helendra & Sari,
2021). The development of scientific literacy test instruments can train reasoning abilities to
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increase (Sinaga, 2015). Based on this background, this study aims to determine the validity and
reliability of scientific literacy assessment instruments on cell material.

RESEARCH METHOD

Research on the development of scientific literacy-based evaluation instruments uses the
research design of Mardapi (2008), the design is presented in figure 1 below.

( Develop Test Specifications )—[ Writing Test Questions

Reviewing Test

Questions

Take a Try Out Test

[ Assembling the Test }—( Carrying Out the Test )

Figure 1. Stages of Developing Scientific Literacy-Based Evaluation Instruments

In detail, these steps are described as follows:
Develop test specifications

Preparation of test specifications includes determining test objectives, compiling test
grids, compiling test forms, and determining test length (sentences and estimated time required).

Writing test questions

Writing questions is the act of expressing indicators by turning them into a series of
questions according to the details listed in the grid that has been prepared before. Each question
must be clearly formulated to find out what is being asked, and cleatly explain the expected or
desired answer.

Reviewing test questions

After finishing compiling the questions, the process of reviewing the questions is cartried
out to prevent errors that can result in difficulties for students in understanding the meaning of
the questions. The process of reviewing the questions is carried out by experts (validators). The
purpose of reviewing questions is to produce quality questions.

Take a try out test

Test questions aim to obtain information about the reliability, validity, level of difficulty,
discriminating power, pattern of answers, and the effectiveness of the distractors on these
questions. The test results will be the basis for making improvements to the questions if there
is a discrepancy with the quality parameters of the questions.

Improving test

If a question does not meet the desired expectations, it can be concluded that the question
is of poor quality. In this case, improvement efforts are needed in order to achieve standard
questions in accordance with the guidelines set by evaluation experts.
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Assembling the test

After making improvements, the next is the process of assembling questions. In this case,
it is necessary to pay attention to factors that can affect the validity of the questions, such as the
numbering of questions, the grouping of the questions, the layout, and other relevant matters.

Carrying out the test

After the merging or compiling process is complete and revisions have been made after
the tryout, the test questions are ready to be used in administering the test to the test takers.
Implementation of the test requires strict supervision to ensure that the test is carried out
honestly by each participant in accordance with predetermined conditions.

The population in this study were all fifth semester students of the STKIP Nahdlatul
Ulama Indramayu elementary school teacher education study program who had completed
lectures on basic biology concepts. The sampling technique uses purposive sampling, namely by
selecting a class with a good average value category. The number of samples in this research is
35 students. Data collection techniques used in this study were questionnaires and tests. The
test instrument used was a multiples choice test which was measured using PISA development
questions with indicators developed by (Gormally et al., 2012). The test questions consist of 40
test items with 5 answer choices. The indicators of scientific literacy adapted from (Gormally et
al., 2012) are used as many as 5 indicators, the indicators are presented in table 1 below.

Table 1. Science Literacy Indicators

. Question Question Item
No Indicator Number Number
1 Identify valid scientific arguments 8 1,2,3,16,17,18,31,32
2 Evaluate the validity of the source 8 4,5,6,19,20,21,37,38
3 Evaluate the use and misuse of scientific information 8 7,8,9,22,23 24,33 34
4 Understand the elements of research design and how they 8

10,11,12,25,26,27,35,36
13,14,15,28,29,30,39,40

impact on scientific findings/conclusions
5 Read and interpret graphical representations of data

o}

Meanwhile, the questionnaire instrument was used to determine content validity by using
an instrument validation questionnaire of 40 instruments with 5 answer choices with a Likert
scale. The selected validators are 6 validators who are experts in the science. Several instruments
were improved based on suggestions from the validator including grammar, image quality, and
effective use of sentences. The questionnaire instrument was then analyzed to determine the
content validity and construct validity. Validity test includes content validity and construct
validity. Content validity was tested by using the Aiken V index analysis Aiken (1985), while
construct validity is Exploratory Factor Analysis (EFA) was analyzed by using IBM SPSS
Statistics 27 software.

The equation for determining the Aiken V validity index is as follows:

s

V= n(c—1) @)
Information:
\Y : item validity index
S :r-lo
Z S : s1+sotdst
N : sum of raters
c : the highest validity rating score (e.g 5)
lo : low validity rating score (e.g 1)
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r : number assigned by an appraiser

Exploratory Factor Analysis (EFA) is a statistical method within the broader field of
Factor Analysis (FA) that is employed to analyze the variance present among a group of
observed variables or items. EFA explores the correlations among these variables, which may
exhibit varying degrees of statistical significance. Consequently, this may result in a smaller
number of latent factors that are not directly observed. These latent factors can be represented
as a combination of the observed variables, along with some degree of error. The knowledge
gained regarding the interrelationships among the observed variables serves two main purposes:
reducing the number of variables or categorizing them (Iantovics et al., 2019).

The reliability test was carried out by calculating the price of the reliability coefficient
using Correlation Product Moment test. The characteristic test was carried out by determining
the level of difficulty, discriminating power, and the proportion or comparison of scientific
literacy categories in the instrument. The developed instrument is used to measure students'
scientific literacy abilities.

FINDINGS AND DISCUSSION
Content Validity

The scores obtained for the assessment instrument in the form of a Likert scale scoring
rubric were analyzed using Aiken V index analysis. The results of the analysis can be categorized
as valid if they meet the Aiken V index coefficient limits. The Aiken V coefficient limit
requirements for 5 rating scales and 6 with an error level set at 5% obtained a minimum value
based on the Aiken V validity index table of 0.79. From these data it is found that the 40 items
tested can be said to be valid because they have an index that is greater than the minimum value
required in the validity index table of Aiken V. In other words, the analysis results can be
categorized as valid if they meet the Aiken V coefficient limit (Bashooir et al., 2018). According
to Aiken V value criteria, values below 0.600 are considered to be in the lower quality category,
values between 0.600 and 0.880 are classified as good, and values exceeding 0.800 are considered
to be in the very good category (Suryani et al., 2017). The average score of the Aiken V index is
presented in Table 2.

Table 2. Aiken V Index Average Score with 6 Validators

Item Validity Index Count Ttem \\//al%(ilgifelndex Item Question Total
0,800 3,5,6,11,13,15,16 7
0,850 1,2,4,10,12,14,17,18,19,27,28, 16
0,790 31,32,36,39,40
0,900 (6 Validator with 5 8,9,20,21,22,23,25,29,30,33,34, 14
Rating Scale) 35,37,38
0,950 24,26
1,000 7 1

Construct Validity

Factor analysis is used to determine construct validity. Factor analysis has been widely
recognized in scientific circles as a quantitative social. This test is used to determine whether
certain items support the factors and supporting factor variables. This test can also be used to
determine which independent variables support the explanation of a certain bound. This test
produces a number of factors that can explain or be an indicator of a variable. A factor occurs
because the structural properties are in one relationship (Purwanto, 2004).
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The factor analysis used is Exploratory Factor Analysis (EFA) with IBM SPSS Statistic 27
software. Several conditions must be met in this analysis, namely the Kaiser Meyer Oikin
Measure of Sampling Adequacy (KMO MSA) value > 0.50 and the Sig value < 0.05, the Anti-
Image Correlation value > 0.50, and the Factor Loading values grouped into one group factors
or components. The results of the Kaiser Meyer Olkin Measure of Sampling Adequency (KMO
MSA) test are presented in Table 3 below.

Table 3. Result of Kaiser Meyer Olkin Measure of Sampling Adequency (KMO MSA) Test

Kaiser Meyer Olkin Measure of Bartlett’s Test of Sphericity

. ) Approx. Chi- .
Sampling Adequency Square df Sig.
427 24.851 10 .006

Determinant of Correlation Matrix Test. The correlation matrix is said to be interrelated
when the determinant is close to 0. The calculation results show that the Determinant of
Correlation Matrix is 0.006. This value is close to 0, thus the correlation matrix between the
variables is interrelated. If the KMO MSA value is greater than 0.50 then the factor analysis
technique can be continued. Based on the output above, it is known that the KMO MSA value
is 0.427 > 0.50 and the Bartlett's Test of Sphericity (Sig.) value is 0.006 <0.05, so the factor
analysis in this study can be continued because it has fulfilled the first requirement. These results
are in accordance with Fadloli et al. (2023) that state a variable is said to be correlated if the
MSA value is greater than 0.5.

Based on the Anti-image Matrices table, the MSA obtained from each studied (marked
with a) is as follows 1) Identify valid scientific arguments 0.660, 2) Evaluate the validity of a
source 0.329, 3) Evaluate the use and misuse of scientific information 0.442, 4) Understanding
the elements of research design and how they impact scientific findings 0.446, and 5. Reading
and interpreting graphical representations of data 0.306. Complete data is presented in Table 4.

Table 4. Anti-Image Matrices

Measures of Sampling

No Indicators Adequacy (MSA)
1 Identify valid scientific arguments 6602
2 Evaluate the validity of the source 3292
3 Evaluate the use and misuse of scientific information 4422
4 Understand the elements of research design and how they impact on 4462
scientific findings/conclusions
5 Read and interpret graphical representation of data 3062

The factor analysis necessitates that the MSA values exceed 0.50. Based on the results, it
is evident that the MSA value for all the variables examined is greater than 0.50, indicating that
the requirements for both factor analyses have been met.

The Communalities table displays the extent to which the variable being examined may
account for the factor in question. Variables are deemed to have explanatory power if their
Extraction value exceeds 0.50. From the given output, it is evident that the Extraction value for
all variables exceeds 0.50. Therefore, it may be inferred that all variables are capable of
elucidating factors. Complete data is presented in Table 5.

Based on the Total Variance Explained output table in the "Initial Eigenvalues" section,
there are 2 (two) factors that can be formed from the 5 variables analyzed. Where is the
requirement to be a factor, then the Eigenvalue must be greater than 1. The Eigenvalue of
Component 1 is 3.206 or > 1, so it becomes factor 1 and is able to explain 66.948% of the
variation. While the Eigenvalue Component 2 is 1.298 or > 1, it becomes factor 2 and is able to
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explain 24.370% of the variation. If factor 1 and factor 2 are added up, they can explain 91.318%
of the variation. The data is presented in Table 6.

Table 5. Communalities

No Indicators Initial Extraction
1 Identify valid scientific arguments 987
2 Evaluate the validity of the source .593
3 Evaluate the use and misuse of scientific information 1.000 999
4 Understand the elements of research design and how they ' 933
impact on scientific findings/conclusions
5  Read and interpret graphical representation of data 993

Table 6. Total Variance Explained

Component Initial Eigenvalues? Extraction Sums of Squared Loadings
Total % of Variance ~ Cumulative % Total % of Variance ~ Cumulative %

1 20.843 66.948 66.948 3.206 64.114 64.114

2 7.587 24.370 91.318 1.298 25.962 90.076

The next step is component matrix. This component matrix shows the correlation value
or relationship between each variable and the factors that will be formed. For example: from
the output above, the variable identifies a valid scientific argument, that is, the correlation value
of this variable with factor 1 is 0.835, and the correlation with factor 2 is -0.537. For other
variables, the way of interpreting them is the same as for variables identifying valid scientific
arguments. Complete data is presented in Table 7.

Table 7. Component Matrix and Rotation Matrix

Componen Matrix® Rotated Component

No Indicators Matrix*
Component Component
1 2 1 2

1 Identify valid scientific arguments .835 -.537 993 -.020
Evaluate the validity of the source 755 -.149 721 269

3 Evaluate the use and misuse of scientific .890 455 519 .854
information

4 Understand the elements of research design 929 -.264 .929 262
and how they impact on scientific
findings/conclusions

5 Read and interpret graphical representation 532 .843 011 997
of data

By looking at the discussion above, the conclusions we can draw in this factor analysis are
factor 1 with a loading value of 0.993, 0.721, and 0.929 and named the ability to identify
arguments, evaluate sources, and understand research design and its impact on scientific
discovery, and factor 2 with a loading value of 0.854, 0.997 and named the ability to evaluate
misconceptions of information and interpret graphics data. Meanwhile, based on the
Component Transformation Matrix, it shows that component 1 has a correlation value of 0.840
> (.5, and component 2 has a correlation value of 0.840 > 0.5. Because the correlation values
of all components > 0.5, it can be concluded that the two factors formed are feasible to
summarize the five variables analyzed. The data is presented in Table 8.
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Table 8. Component Transformation Matrix

Component 1 2
1 .840 542
2 -.542 .840

Information :
Extraction Method : Principal Component Analysis
Rotation Method  : Varimax with Kaiser Normalization

Reliability

There are three methods for calculating test reliability, namely: First, the Equivalent
Method, second is the Test-Retest Method, and third is the Split-half method. In the ANATES
application, to calculate the reliability of the test using the Split-half Method, namely dividing

the odd-even and dividing the initial and final items. The equation for calculating the reliability
of tests on anates applications according to Wiguna (2021), namely:

ry 1/2 1/2
i =——1s ©)
117 . 41/2 1/2
Information :
111 : test reliability coefficient
ri/21/2 : correlation coefficient of odd-even scores (XY correlation)

Based on the reliability test of 40 test items from 35 samples using the ANATES
application, the average result was 18.00, standard deviation was 8.81, XY correlation was 0.80,
and test reliability was 0.92. These results are then compared with the test instrument reliability
interpretation criteria, namely:

1. If Teount > Trabie the data is said to be reliable
2. If Teount = Teabie the data is said to be unreliable

The minimum reliability value based on r table for 40 multiple choice test items with an
error rate of 0.5% is 0.312. The calculated r value obtained based on analysis is 0.92 > 0.312, so
it can be said that the scientific literacy assessment instrument on cell material is a reliable
instrument. That is, a test can be said to have a high level of confidence if the test can give
consistent results. It means the extent to which a test can be trusted to produce a score that is
consistent or does not change (Arikunto, 2008).

Item Characteristics

Characteristics of the items include the level of difficulty of the items that are good with
the composition of easy, medium and difficult questions spread proportionally according to the
subject matter being tested and the different power index of the items that are good are able to
distinguish between groups of students with high abilities and groups of students with low
abilities , so that the results of the evaluation of student learning will describe the actual learning
outcomes of students. In this study, the test of the characteristics of the items used was the
Classical Test Theory (CTT) using the ANATES software. Classical test theory emphasizes the
raw score of a single exam being produced. The raw score indicates a person's ability. From this
raw score, various analyzes and interpretations can be produced according to the needs of the
study being conducted (Sumintono & Widiharso, 2015).

Based on the test of the characteristics of the items from the 35 samples tested, it was
found that the differentiating power of the questions with the score category according to
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Arikunto (2008) was negative (not good), 0.00-0.20 (bad), 0.21-0.40 (sufficient), 0.41-0.70
(good), and 0.71-100 (very good). Based on this analysis, 14 items (35%) with very good
discriminating power were obtained, 15 (37%) were good, 6 (15%) were sufficient, 2 (5%) were
bad, and 3 (8%) were not good. Based on these results it can be said that the instrument items
have good discriminating power because as many as 35 questions fall into the very good, good,
and sufficient categories, this is in accordance with (Arifin, 2012) that the higher percentage
value of the discriminating power coefficient, the better the item to be able to differentiate
student abilities. The complete data is presented in Table 9.

Table 9. Results of the Analysis of the Discriminating Power of the Questions

No Category Question Item Number Quantity  Percentage
1 Very good (0,71-100) 1,2,3,4,5,7,8,12,14,17,20,22,23,25 14 35%
2 Good (0,41-0,70) 6,9,10,13,15,21,26,27,28,29,31,32,33,35,36 15 37%
3 Sufficient (0,21-0,40) 11,16,18,19,30,40 6 15%
4 Bad (0,00-0,21) 2437 2 5%
5  Negative (Not good) 34,38,39 3 8%

Meanwhile, the level of difficulty of the questions based on analysis with the ANATES
software from 35 samples and 40 questions showed that the questions tested were included in
the questions with medium and difficult categories. The number of questions in the difficult
category is 6 questions (15%) and the questions in the medium category are 34 questions (85%).
Based on these results, most of the questions are in the medium category. Thus, it can be said
that the questions tested are questions that have a good level of difficulty. This is in accordance
with Arikunto (2012) which states that the items used tend to use questions that are not too
easy and not too difficult (moderate). Elviana (2020) also states that if the number of items
made is more in the difficult category, it will result in students not having the interest and
motivation to try again in giving answers because the questions are beyond their ability.
Complete data is presented in Table 10.

Table 10 . The results of the analysis of the difficulty level of the test questions

No Category Question Item Number Quantity  Percentage
1 Hard 4,7,16,24,34,38 6 15%
1,2,3,5,6,8,9,10,11,12,13,14,15,
2 Medium 17,18,19,20,21,22,23,25,26,27,28, 34 85%

29,30,31,32,33,35,36,37,39,40

Scientific literacy skills are a very important aspect for students to master, this is related
to the way they understand the environment, health, economics and other problems of modern
society which depend on technology and the progress and development of science (Wulandari,
2010). Teachers as learning designers have the competence to develop assessment or evaluation
instruments for certain skills, one of which is students' scientific literacy skills (Putti et al., 2020).
Assessment or evaluation is a tool used to measure the achievement of learning objectives
(Fraenkel et al., 2012). Preparing an evaluation instrument based on scientific literacy is an effort
to measure students' literacy abilities, especially in the field of science or natural science
education (Fu’adah et al, 2017). Apart from that, the development of scientific literacy
assessment instruments is carried out so that students can be trained in writing questions or
solving problems in life by applying science (Martinah et al., 2022).

CONCLUSION

Based on the tests of content validity, construct validity, reliability, and item characteristics
of the cell material scientific literacy assessment instrument, it can be concluded that the 40 test
items included in the valid criteria. Furthermore, construct validity using the EFA analysis test
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obtained 2 factors, factor 1 named the ability to identify arguments, evaluate sources, and
understand research design and its impact on scientific discovery, and factor 2 named the ability
to evaluate misconceptions of information and interpret graphics data. Based on the component
transformation matrix of the two factors formed, it can be concluded that it is feasible to
summarize the five variables analyzed. The assessment instrument being analyzed is a reliable
instrument with a reliability index of 0.92. Meanwhile, the level of item difficulty was included
in the moderate category, discriminatory power was included in the good and very good
categories, and the correlation of item scores with the total score was mostly included in the
very significant category.
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