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Abstract 

 

The research aimed to develop an appropriate cognitive assessment for scientific literacy 

to measure science education students' abilities to identify learning strengths and 

weaknesses. This research used the R & D method. The normality test and a one-sample t-

test was conducted. The specific topic covered in the research is fermented material. The 

study participants are science education students at a public university in Surabaya, 

Indonesia. The results indicated that the percentage of question difficulty levels, with 

11.11% categorized as difficult and 44.44% categorized as easy. The analysis of test item 

discrimination reveals that 66.67% fall into the very good category, 11.11% into the good 

category, and 22.22% into the bad category. The one-sample t-test is conducted, yielding a 

significance value of 0.0314. Based on the obtained data, with 0.314 > 0.05, the null 

hypothesis (Ho) is accepted. This implies that the TOSLS instrument influences assessing 

students' level of scientific literacy ability. The findings of this study serve as a reference 

and best practice for tertiary institutions seeking to evaluate students' scientific literacy 

abilities. 
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INTRODUCTION 

The provided passage highlights 

the significance of scientific literacy, 

which refers to an individual's capacity 

to comprehend, interpret, and utilize 

scientific information daily (David et al., 

2022). Strong scientific literacy skills 

are crucial in today's complex and 

advanced era, particularly in the fields of 

science and technology (Allum et al., 

2018). However, the assessment of 

students' scientific literacy skills in 

Indonesia, carried out by the Program 

for International Student Assessment 

(PISA), indicates that students' scientific 

literacy abilities in Indonesia are 

categorized as very low. Data from 2018 

reveal that Indonesia ranked 74th out of 

79 countries participating in the PISA 

test 2018 (OECD, 2019). This 

positioning indicates that Indonesia's 

scientific literacy performance is 

considerably lower than other 

participating countries because students 

are not accustomed to working on 

science literacy-based questions (Jufrida 

et al., 2019). Indonesian students' 

abilities are limited to utilizing scientific 

knowledge to solve a few problems at a 

lower cognitive level (Shafer et al., 

2019).  However, they need help to 

apply their scientific knowledge to more 

complex problems at a higher cognitive 

level, partly because they rarely practice 

science literacy-based questions 

(Cahyana et al., 2019). 

Furthermore, additional research 

highlights the weaknesses of Indonesian 

students in literacy science, particularly 

in identifying, comprehending, and 

applying fundamental scientific 

knowledge in everyday situations (Hawa 

et al., 2018). These findings illustrate the 

existing challenges and areas that 

require improving science education in 

Indonesia to enhance students' scientific 

literacy skills (Ismail et al., 2017). This 

information highlights the need for 

efforts to improve students' scientific 

literacy skills in Indonesia. Improving 

students' ability to identify, understand, 

and apply scientific knowledge is an 

important aspect of helping them 

become more skilled at solving 

problems and participating in everyday 

life, which is increasingly connected to 

science and technology. This ability is a 

component of ability that must be 

possessed for a high level of scientific 

literacy (Kayumova et al., 2016). As the 

next generation, students must have 

good scientific literacy skills to keep up 

with the developments in science and 

technology that continue to develop 

(Valladares, 2021). Scientific literacy 

tests for students can help measure the 

extent to which they understand science 

and technology concepts and can apply 

them in everyday life (Septiani et al., 
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2019). The results of scientific literacy 

tests can also help detect weaknesses in 

science and technology education in 

tertiary institutions and assist educators 

in designing more effective teaching 

methods (National Science Board, 

2018). In addition, scientific literacy 

tests can also assist educational 

institutions and the government in 

evaluating the success of implemented 

science and technology education 

programs (Sjöström et al., 2020). 

According to Gormally et al. 

(2012), two key aspects must be 

considered when measuring scientific 

literacy skills. The first aspect is 

understanding investigative methods 

that lead to scientific knowledge. This 

involves the individual's comprehension 

and application of scientific concepts, 

such as hypotheses, variables, and 

research methods used in scientific 

inquiry. The second aspect is organizing, 

analyzing, and interpreting quantitative 

data and scientific information. This 

includes the individual's capacity to 

effectively arrange, analyze, critically 

evaluate, and connect quantitative data 

and scientific information to relevant 

scientific concepts. These two aspects 

hold great importance in scientific 

literacy skills as individuals who excel 

can comprehend and critically evaluate 

scientific information, enabling them to 

make informed decisions based on that 

information. Cognitive assessment is 

useful for measuring students' scientific 

literacy abilities (Zalfaghari et al., 

2016). In scientific literacy, cognitive 

assessment is utilized to measure 

cognitive abilities related to scientific 

concepts, understanding of investigative 

methods, analysis and interpretation of 

data, and the ability to draw conclusions 

based on existing scientific evidence. 

Recent research indicates that the results 

of cognitive assessment can provide an 

accurate representation of students' 

scientific literacy abilities. 

These findings indicate 

deficiencies in various aspects of 

scientific literacy in the cognitive 

domain, particularly in the first two 

aspects, which were classified as low. It 

is crucial to encourage students to learn 

with natural science content to explore 

their ideas about science and seek 

evidence to support or challenge their 

scientific thinking (according to 

opinions). This approach to learning 

differs from the traditional method 

where the teacher imparts scientific 

ideas as facts to be memorized, and 

practical work is only utilized to 

illustrate scientific relationships, laws, 

and theories. Analysis of scientific 

literacy in students can provide an 

understanding of the effectiveness of 

science education at the tertiary level 

(Jagger et al., 2017). By assessing 
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scientific literacy skills, we can identify 

weaknesses and strengths in science 

teaching and learning and direct 

improvement and development of a 

better curriculum (Putri et al., 2022).  

Therefore, it is necessary to 

develop appropriate scientific literacy 

assessment instruments to measure the 

scientific literacy ability of students in 

the Science Education S1 study program 

to identify weaknesses and strengths in 

learning. Realizing the importance of 

this problem, the writer is interested in 

researching this matter. Thus, the 

research results can provide useful 

information and recommendations for 

developing students' scientific literacy 

learning and skills. 

METHOD 

This study adopted a simplified 

approach R n D based on Sugiyono 

(2013), consisting of three main stages: 

preliminary study, development study, 

and evaluation. The preliminary study is 

conducted to gather initial information 

about scientific literacy evaluation 

instruments through literature research, 

policy studies, and preliminary data 

collection. The development study 

involves designing the initial product 

and the evaluation instrument. The 

evaluation phase is the final stage, where 

the instrument undergoes extensive 

testing to gather data on its validity, 

difficulty level, differentiability, and 

feasibility as a scientific literacy 

evaluation instrument (Krapp et al., 

2011). The study focuses on 29 science 

education students at Surabaya State 

University, and the chosen topic is 

fermented material. Fermented material 

is material in biochemist lessons. The 

evaluation results are utilized to improve 

the instrument, aiming to create a more 

effective and accurate evaluation tool. 

The data obtained from student exam 

scores are analyzed using a normality 

test, and a one-sample t-test is conducted 

to examine the impact of the TOSLS 

(Test of Scientific Literacy Skills) 

question instrument on assessing the 

level of students' scientific literacy 

abilities (Jackson, S. L, 2015).  

RESULTS AND DISCUSSION 

Scientific literacy refers to the 

ability to utilize scientific knowledge, 

pose relevant questions, and draw 

evidence-based conclusions to 

comprehend and make informed 

decisions regarding the natural world and 

its changes caused by human activities 

(Ardianto, 2016). Developing evaluation 

instruments based on scientific literacy is 

crucial in assessing students' literacy 

abilities, particularly in science. 

Cognitive assessment is a process that 

aims to measure and evaluate an 

individual's cognitive abilities, including 

their scientific literacy skills. The 

primary objective of cognitive 
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assessment is to gauge the extent to 

which individuals understand scientific 

concepts, can apply scientific knowledge 

in practical situations, and possess 

critical and analytical thinking abilities 

related to science.  

Through cognitive assessment, 

students can be presented with various 

tasks or questions that assess their 

understanding of scientific concepts, 

ability to analyze scientific data and 

information, and logical and critical 

thinking skills within science. The Test 

of Scientific Literacy Skills (TOSLS) is 

an evaluation instrument designed to 

measure an individual's scientific literacy 

abilities, as shown in Table 1. This test 

assesses an individual's understanding of 

scientific concepts, their critical thinking 

skills in the context of science, and their 

capacity to apply scientific knowledge in 

everyday life situations. The 

development of the TOSLS test has been 

discussed by Gormally et al. (2012). 

Table 1. Overview of TOLS Test 

Development 

No Overview 

1 An examination of existing 

literature on instruments was 

conducted to identify scientific 

literacy skills. 

   2 
 
 

A faculty survey was conducted 

better to understand the 

components and scope of 

scientific literacy skills. 

3 A pilot assessment was 

developed and administered to 

assess the identified scientific 

literacy skills. 

 

No Overview 

4 Following the pilot assessment, 

the assessment was carefully 

revised based on item analyses 

and feedback obtained from 

student interviews 

5 To further validate the 

assessment instrument, 

additional student interviews 

and evaluations by biology 

faculty were conducted 

6 The finalized assessment 

instrument was evaluated to 

assess its item difficulty, item 

discrimination, and reliability 

7 The administered assessment 

instrument was implemented in 

multiple contexts to 

demonstrate its utility and 

effectiveness in measuring 

scientific literacy skills. 

 

The scientific literacy indicators 

used in this study are based on the two 

aspects of scientific literacy developed 

by Gormally et al. (2012). These two 

aspects are measured as follows: 

Understanding of investigative methods 

that lead to scientific knowledge 

Indicator 1 is that Students can explain 

the meaning of fermentation through 

explanations, questions and answers, and 

discussions. Indicator 2: Students can 

identify the components of the 

fermentation process through 

explanations, questions and answers, and 

diagrams. Indicator 3 Students can 

analyze the process of fermentation by 

applying scientific investigation methods 

to present daily problems. Organizing, 

analyzing, and interpreting quantitative 

data and scientific information Indicator 
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4: Students can analyze the linkages of 

the fermentation process in everyday life 

as a form of alternative energy 

application, demonstrating an 

understanding of the interaction between 

science, technology, and society. 

Indicator 5: Students can communicate 

the results of discussions about applying 

the fermentation process as an alternative 

energy in everyday life, showing an 

understanding of the interaction between 

science, technology, and society.  

These indicators are aligned with 

the learning objectives set for the 

semester lectures. They aim to assess 

students' abilities in applying scientific 

literacy, such as knowledge, thinking, 

investigation, and understanding of the 

interaction between science, technology, 

and society in the context of the 

fermentation process. By using these 

indicators in Table 2, the cognitive 

assessment instruments developed in this 

study are designed to measure students' 

scientific literacy skills effectively and 

align with the specific learning objectives 

established for the course. 

Table 2. Scientific Literacy Indicators 

Component Indicator No Question Form 

Understand the 

methods of 

inquiry that 

lead to 

scientific 

knowledge 

Identify valid scientific arguments 1 Multiple choice 

Evaluate the validity of the source 2 Multiple choice 

Evaluate the use and misuse of 

scientific information 
3 Multiple choice 

Understanding the elements of 

research design and how to explain 

scientific findings and conclusions 

4 Multiple choice 

Organize, 

analyze, and 

interpret 

quantitative 

data and 

scientific 

information 

Create a graphical representation of 

the data 
5 Multiple choice 

Read and interpret graphical 

representations of data 
6 Multiple choice 

Solve problems using numeracy 

skills 
7 Multiple choice 

Understand and interpret basic 

statistics 
8 Multiple choice 

Justify conclusions, predictions, 

and conclusions based on 

quantitative data 

9 Multiple choice 

The test instrument was 

successfully developed and adapted to 

the scientific literacy indicators. When 

preparing multiple-choice test 

instruments, some things to consider are 

that they must be in accordance with the 

objectives to be achieved and not have 

double meaning (Widyawati et al., 

2022). The Figure 1 and Figure 2 show 

the results of the development of the 

problem instrument according to the 

indicators of scientific literacy. 
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Figure 1. Question 6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Question 7 

Once the questions have been 

developed based on the scientific literacy 

indicators, the next step is to analyze the 

characteristics of the items. Analyzing 

item characteristics involves conducting 

item difficulty tests and item 

discrimination tests. The item difficulty 

test calculates the percentage of test 

takers who answered each question 

correctly. The difficulty level of the items 

is determined based on predetermined 

criteria, which typically include the 

following ranges: (0.000 - 0.244) for 

difficult items, (0.245 - 0.744) for 

moderate items, and (0.745 - 1.000) for 

easy items (Nani, 2014). The data on the 

difficulty level of the questions is 

presented in the Table 3. Table 3 likely 

includes the item number, the percentage 

of test takers who answered correctly, 

and each item's corresponding difficulty 

level category. Analyzing the difficulty 

level of the questions provides insights 

into the level of challenge posed by the 

items and helps determine their 

appropriateness for assessing students' 

scientific literacy abilities. It allows 

researchers to identify items that are too 

difficult or too easy and make necessary 

adjustments to improve the overall 

quality and balance of the assessment 

instrument in Table 3. 

Table 3. Difficulty Level of Items 

Questions 

number 

Difficulty Level 

1,4,6,7 Currently 

2,5,8,9 Easy 

3 Hard 

 

The obtained proportion of 

difficulty levels for the questions was 

11.11% difficult, 44.44% moderate, and 

44.44% easy. However, these 

proportions must align with the ideal 

difficulty level distribution 

Questions 

number 

Difficulty Level 

1,4,6,7 Currently 

2,5,8,9 Easy 

3 Hard 
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recommended by Arifin (2009), which 

suggests 25% difficult, 50% moderate, 

and 25% easy questions. The analysis of 

the difficulty level of the items revealed 

that many students faced challenges in 

answering certain items. This indicates 

that the difficulty level of some items was 

not ideal, and adjustments may be needed 

to improve the balance and 

appropriateness of the assessment 

instrument. To gain insights into the 

factors influencing the results of the item 

difficulty level analysis, data from the 

student response questionnaire were 

collected and analyzed. The 

questionnaire likely included items 

related to students' perception of the 

clarity of the questions, their familiarity 

with the topic, and their overall 

experience in answering the items 

(Shepard et al., 2018). By identifying and 

considering these factors, researchers can 

gain a better understanding of the reasons 

behind the observed difficulty levels and 

make informed decisions on how to 

improve the items and ensure a more 

accurate assessment of students' 

scientific literacy abilities in Table 4. 

Table 4. Student responses to the instrument 

Variable Student Responses Percentage 

Feasibility of the instrument 

of the TOSLS indicator test 

Pictures/diagrams and data 

serve as a stimulus to help 

answer questions 

70% 

Allocation of time to working 

on the problem 

70% 

Writing grammar and 

language on the instrument 

questions 

Sentences used by the rules of 

language and easy to 

understand 

85% 

There are no typos 80% 

Sentences do not contain 

SARA 

100% 

Understanding of the topic 

material presented in the 

questions 

The material for the test is by 

the scope of the fermented 

material 

100% 

There are other reference 

sources as additional 

information obtained by 

students 

90% 

Based on the Table 4 given by the 

students, it is illustrated that the aspects 

that affect the questions' difficulty level 

are the instrument questions' feasibility 

variables. Student tests respond. 

Pictures/diagrams and data serve as a 

stimulus in helping answer questions, 

and a time allocation that is too short can 

affect students' answering questions. 

According to Arikunto, good questions in 

2019 are questions that are relatively easy 

and easy. Questions in the medium 

category can be stored in the question 

bank. Meanwhile, there are three 
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possibilities for questions in the difficult 

or easy categories: discarding, revising, 

or saving and reusing as part of a mix of 

test questions (Sudijono, 2015). 

After calculating the difficulty 

level of the items, a test for differential 

power is carried out so that the categories 

of questions with the criteria for 

differentiating items can be identified as 

follows: 0.395 – 1.000 very good 

categories; 0.295 - 0.394 good category, 

0.195 - 0.294 moderate category, -0.00 - 

0.194 bad category (Nani, 2014). Data 

from the analysis of the criteria for 

discriminating power of questions is 

presented in Table 5. 

Table 5. The discriminating power of 

the items 

Question Items Category 

1,4,6,7,8,9 Very good 

2 Good 

3,5 Bad 

The analysis of the test questions 

reveals that 66.67% of the questions fall 

into the very good category, 11.11% in 

the good category, and 22.22% in the bad 

category based on the proportion of 

different test questions. According to 

Fitriatun Sukanti (2016), questions with 

poor discriminating power are often 

difficult questions that students guess the 

answers to or very easy questions that 

students answer correctly with little 

thought.Further analysis of the data 

indicates that the questions categorized 

as bad or very bad in discriminating 

power exhibited difficulty levels that 

varied between difficult and easy. This 

finding aligns with the research 

conducted by Ratnawati et al. (2020), 

which suggests that questions 

categorized as bad may be the result of 

students answering quickly and 

incorrectly or being influenced by the 

stimuli provided in the questions that lead 

them to choose the correct answer. Based 

on the analysis, it is recommended that 

items 3 and 5 be deemed not suitable for 

use in the assessment. However, if there 

is a desire to include them, revisions 

should be made based on the analysis of 

the responses provided by the students. 

This will help ensure the validity and 

reliability of the assessment instrument. 

The analysis of student test results 

using the TOSLS instrument involved 

applying the standardized residual 

Shapiro-Wilk normality test to assess the 

normal distribution of the data. The 

Shapiro-Wilk test helps determine 

whether the data follows a normal 

distribution. A significance value (Sig.) 

less than 0.05 indicates non-normal 

distribution, while a significance value 

greater than 0.05 suggests normal 

distribution. In this study, the Shapiro-

Wilk normality test yielded a 

significance value of 0.111, indicating 

that the data is normally distributed as 

0.111 > 0.05. Therefore, the analysis 

proceeded to the one-sample t-test. The 

purpose of the one-sample t-test was to 
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investigate the influence of the TOSLS 

instrument on students' scientific literacy 

levels. Decisions for the one-sample t-

test were based on the significance value 

(Sig.) obtained from SPSS. If the 

significance value is less than 0.05, the 

null hypothesis (Ho) is rejected, and the 

alternative hypothesis (Ha) is accepted. 

Conversely, if the significance value 

exceeds 0.05, Ho is accepted, and Ha is 

rejected. This study's significance value 

obtained from the one-sample t-test was 

0.0314. Since 0.0314 < 0.05, the null 

hypothesis (Ho) is accepted, indicating 

an influence of the TOSLS instrument in 

assessing students' scientific literacy 

abilities. The results of this study provide 

valuable insights and can serve as a 

reference and best practice for tertiary 

institutions seeking to assess and identify 

students' scientific literacy abilities.  

CONCLUSION 

 Based on the results, it was found 

that item numbers 3 and 5 were not 

suitable for use, and revision was needed 

so that they could be used as instruments 

for student scientific literacy questions. 

The use of the TOSLS cognitive 

instrument has an effect on measuring the 

level of students' scientific literacy skills 

in fermented material. 
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