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ABSTRACT

This research aims to validate and implement an instrument to measure the scientific literacy of  high school sci-
ence program students, including the abilities of  Scientific Reasoning, Scientific Inquiry, and Nature of  Science 
(NOS), called the Lisa3D Test. These three instruments were validated using the Rasch model approach and pre-
sented as a digital application. This research method was a descriptive survey with a quantitative approach. The 
research started from the test design, validation, and implementation stages. The types of  validity used included 
content, psychometric, construct, and external validity. For construct validity, the instrument was tested on 197 
high school students, while the implementation stage involved 407 students. The research results show that the 
Lisa3D Test has fulfilled all aspects of  validity. The Lisa3D test has been successfully implemented via the page 
www.lisatest.id  with a cut of  56% for the Scientific Reasoning test, 50% for the Scientific Inquiry test, and 56.25% 
for the NOS test. This research produces a standard instrument to measure the scientific literacy of  high school 
science program students based on three dimensions, namely Scientific Reasoning, Scientific Inquiry, and Nature 
of  Science (NOS). The Lisa3D test can be implemented on a broader scale and can be an additional criterion for 
graduating high school students so that all graduates can master science comprehensively.
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INTRODUCTION

According to the policy of  the Ministry of  
Education and Culture, Research and Technolo-
gy of  the Republic of  Indonesia, the minimum 
literacy competency assessment is not only the 
ability to read but also the ability to analyze rea-
ding, the ability to understand or comprehend 
the concepts behind a piece of  writing. It is car-
ried out not based on subjects but on mastery of  
content or material. Susongko (2019-2021) con-
ducted initial research related to literacy assess-
ment based on the ability to analyze a reading or 

case (Susongko, 2019; 2020; 2021). This research 
measured the scientific literacy skills of  senior 
high school students in the natural science pro-
gram using the PISA 2015 standards with the 
Rasch model application approach. This research 
produced an integrated science-based scientific 
literacy test instrument (SLiSIS Test) that meets 
all aspects of  Messick’s validity (Rawand & Fi-
roozi, 2016; Anselmi et al., 2015). The SLiSIS 
Test as a minimum test of  scientific literacy has 
fulfilled the main objective of  analyzing readings 
or cases; however, it needs to be developed furt-
her as a standard for fulfilling scientific literacy at 
the high school level. This is because high school 
competency standards are pretty comprehensi-
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ve, including the ability to apply knowledge and 
technology logically, critically, creatively, and in-
novatively, as well as the more complex demands 
for achieving scientific literacy at the high school 
level. Based on this, it is necessary to develop a 
scientific literacy test that is more comprehensive 
and meets standards for high school.  

Shamos (1995) divides the dimensions of  
scientific literacy into three levels: cultural scienti-
fic literacy, functional scientific literacy, and valid 
scientific literacy. The dimensions of  true scienti-
fic literacy contain the mental qualities that John 
Dewey called the habit of  scientific thinking, 
and almost a century ago, he proposed as the 
main reason for the obligation of  science educa-
tion (Hanson, 2016; Fives et al., 2014; Osborne, 
2023). Furthermore, Hanson (2016) explains that 
someone classified as having true scientific litera-
cy can understand the scientific process of  deve-
loping knowledge, understand the importance of  
observation and experimentation in science, and 
have the ability to question. Other skills are using 
logic for induction and deduction, relying on evi-
dence, having a correct understanding of  the na-
ture of  science, and having a basic understanding 
of  science’s history, values , and assumptions 
(Hanson, 2016). Based on these opinions, it can 
be concluded that actual scientific literacy skill is 
not only knowledge of  the basic facts established 
by science, but this concept includes more than 
that. There are at least three aspects of  scientific 
literacy: comprehending content, understanding 
scientific practice, and understanding science as 
a social process.

Based on more than 15 research results 
on the nature of  science, Mc Comas and Nouri 
(2016) have formulated indicators for how some-
one understands the nature of  science, history, 
values, and assumptions about science. These 
indicators include a person’s understanding of  
science that scientific knowledge is not entirely 
objective, that scientists use creativity, that scien-
tific knowledge is tentative but long-lasting, and 
that scientific knowledge is socially and culturally 
embedded. Another understanding of  science is 
that law and theory are different types of  know-
ledge. Scientific knowledge is based on empirical 
research; there is no universal, gradual scientific 
method and a difference between observation and 
conclusion. Likewise, it must be understood that 
science cannot answer all questions; cooperation 
and collaboration are part of  the development of  
science, and there are differences between scien-
ce and technology, as well as the importance of  
experiments in the development of  science (Er-
duran et al., 2014; McComas, 2013). When refer-

ring to the dimensions of  true scientific literacy, 
Mc Comas and Nouri (2016) measure indicators 
5-7 on the dimensions of  true scientific literacy 
according to Shamos (1995). Based on these stu-
dies, indicators can be developed that can be used 
to measure knowledge about the nature of  scien-
ce as one aspect of  scientific literacy skills.  

Using a review method of  more than 20 
research results, Rönnebeck et al. (2016) have 
developed test indicators that measure scientific 
inquiry skills. Indicators of  someone considered 
competent in scientific inquiry include identi-
fying problems to be investigated, using induc-
tion to formulate hypotheses or models, using 
deduction to produce predictions, and designing 
experimental procedures. Other parts of  the capa-
bilities in scientific inquiry are conducting scien-
tific experiments, observations, or simulations, 
collecting, organizing, and analyzing data, app-
lying numerical or statistical methods, and explai-
ning unexpected results, as well as using available 
technology to report, display, and defend results 
(Lederman et al., 2014; Chu et al., 2021).   This 
inquiry literacy test can measure indicators 1-3 of  
the dimensions of  true scientific literacy, accor-
ding to Shamos (1995). Based on several studies, 
indicators can be prepared that can be used to 
measure scientific inquiry skills as one aspect of  
scientific literacy skills. 

The fourth indicator of  true scientific lite-
racy, according to Shamos (1995), namely using 
logic for induction and deduction, is referred to 
by Lawson (2018) and Han (2013) as using logic 
for induction and deduction called scientific rea-
soning or scientific reasoning thinking. Lawson 
created a test that measures scientific reasoning 
skills, called the Lawson Test, while Han (2013) 
developed a test called the Inventory for Scienti-
fic Thinking and Reasoning (iSTAR) Assessment 
(Bao et al., 2018; Han, 2013). Kind and Osborne 
(2017) also developed indicators for scientific rea-
soning based on a review of  many studies. Ac-
cording to Kind and Osborne (2017), indicators 
of  scientific reasoning include abilities in mat-
hematical deduction, evaluation of  experiments, 
creating hypothetical models, categorization and 
classification, probabilistic reasoning, and histo-
ry-based evolutionary reasoning. Wenning and 
Vieyra (2020) developed a conceptual framework 
of  scientific reasoning linked to levels of  inquiry 
skills and Bloom’s taxonomy. Scientific reaso-
ning, according to Wenning and Vieyra (2020), 
is a process where logical principles are applied 
to the scientific process, namely searching for ex-
planations, formulating hypotheses, making pre-
dictions, solving problems, creating experiments, 
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controlling variables, analyzing data, developing 
empirical laws (Wenning & Vieyra, 2020). Based 
on these studies, indicators can be prepared that 
can be used to measure scientific reasoning skills 
as one aspect of  scientific literacy skills.  

Based on a fairly comprehensive study re-
garding scientific literacy from Shammos (1995) 
to Wenning and Vieyra (2020), it can be conclu-
ded that there are three dimensions of  the mea-
ning of  scientific literacy, namely the dimension 
of  scientific reasoning skill, the dimension of  
scientific inquiry skill and the dimension of  the 
nature of  science knowledge. Hanson (2016) ex-
plains the three dimensions of  scientific literacy 
as Scientific Reasoning Skill, Scientific Inqui-
ry Skill, and the Nature of  Science Knowledge 
(Hanson, 2016). When combined, the three com-
ponents can comprehensively explain the profi-
le of  students’ scientific literacy skills. To find a 
comprehensive profile of  scientific literacy skills, 
a scientific literacy test instrument is needed to 
measure all aspects of  scientific literacy compre-
hensively. The novelty of  this research is desig-
ning a scientific literacy test that is quite compre-
hensive in terms of  content and type of  validity, 
constructing a validity model that uses the Rasch 
model approach, and administering the test di-
gitally. The types of  validity applied in building 
this test include content, psychometric, construct, 
and external validity.

There are currently no studies on develo-
ping scientific literacy instruments in Indonesia 
that comprehensively combine the three aspects 
of  scientific literacy dimensions. Rusilowati 
(2016) developed a scientific literacy test in ju-
nior high schools based on science as a body of  
knowledge, ways of  thinking, ways of  investiga-
ting, and interactions between science, technolo-
gy, and society (Rusilowati, 2016). Several other 
researchers have only studied one dimension 
of  scientific literacy but have not connected the 
three aspects of  scientific literacy (Ariyanti et al., 
2016; Romine et al., 2017; Wahyuni ​​et al., 2017; 
Fakhriyah et al., 2017; Rusilowati et al., 2018; 
Muniroh et al., 2022).

To produce a quality scientific literacy test, 
technological novelty is needed both in terms of  
the theoretical approach to the test and in the 
presentation of  the test. Using the Rasch model 
application as a type of  modern test theory is 
currently considered the most effective approach 
because it meets all the requirements as an ob-
jective measurement model (Bond et al., 2020; 
Andrich & Marais, 2019). With the help of  mo-
dern test theory approaches, especially the Rasch 
model, reporting student skills from these three 

dimensions can be more effective and meet high 
assessment validity. In modern test theory me-
asurement, the Rasch model is seen as the most 
objective measurement model (Sumintono, 2018; 
Briggs, 2019). The concept of  objective measure-
ment in the social sciences and educational as-
sessment, according to Mok and Wright (2004), 
must have five criteria, namely producing linear 
measures with equal intervals, an appropriate es-
timation process, identifying inappropriate items 
(misfits) or not common (outliers), and can over-
come missing data, as well as produce indepen-
dent measurements of  the parameters studied. 
So far, only the Rasch model can fulfill these five 
requirements. The Rasch model relates the proba-
bility of  answering each item correctly (P(i)) as a 
function of  ability (i) with the setting of  the diffi-
culty level of  item (b). 

Presenting tests digitally will have many 
advantages. These advantages include students’ 
ability to see their exam scores directly, analysis 
of  question items can be done directly, and exa-
miners do not need to make manual corrections 
or scanning. Likewise, the randomization of  
questions and answer options makes it difficult 
for students to work together to complete the test 
so that cheating behavior can be avoided. Like-
wise, presenting digital-based tests has become 
necessary for education in the era of  disruption. 
Therefore, it is necessary to develop a scientific 
literacy test that can measure students’ scientific 
literacy skills comprehensively using a measure-
ment model based on modern test theory and the 
use of  technology in its application.

This research aims to validate and imple-
ment an instrument to measure the scientific li-
teracy of  high school science program students, 
including scientific reasoning skills, scientific in-
quiry skills, and the nature of  science knowledge, 
or the Lisa3D Test. The valid Lisa3D Test Instru-
ment was then implemented on a broader scale to 
see the test’s external validity and passing limits. 
These three instruments were built and combined 
using the Rasch model approach and presented 
as a digital application to make implementation 
more effective. It is hoped that the Lisa3D test 
can become one of  the graduation criteria for 
high school students in the natural science pro-
gram in Indonesia so that all graduates can mas-
ter science comprehensively.

METHODS

The research was carried out in a senior 
high school (SMA) environment where students 
have medium academic abilities. This research 
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took place from March 2021 to September 
2023. This type of  research was descriptive 
survey research with a quantitative approach 
(Creswell & Creswell, 2017; Gall et al., 2014; 
Lawrence Neuman, 2019.). Descriptive survey 
research aims to describe individuals, events, or 
conditions by studying them as they are. The 
researcher does not manipulate variables but only 
describes the sample or variables. This research 
was a descriptive survey designed to develop and 
validate an appropriate scientific literacy test to 
assess the acquisition of  scientific literacy for 
high school students based on scientific reasoning 
skills, scientific inquiry skills, and the nature 
of  science knowledge called the Lisa3D test. 
Test development by analyzing test needs and 
designing tests. The descriptive survey research 
method was considered appropriate because it 
would help obtain direct information regarding 
students› level of  scientific literacy skills. The 
object of  this research was an instrument for 
assessing the scientific literacy of  high school 
science program students, which consists of  
scientific reasoning skills, scientific inquiry 
skills, and the nature of  science knowledge. It 
was prepared, revised, and validated using the 
Rasch model. The product of  this research is an 
instrument that measures scientific literacy skills, 
which consist of  three dimensions: scientific 
reasoning skills, scientific inquiry skills, and the 
nature of  science knowledge for high school 
students in the natural science program. This 
test comprehensively measured the mastery of  
scientific literacy of  high school science program 
students. It can be used as a graduation criterion 
to increase the standard of  graduation criteria for 
high school science program students.

At the design stage, research began with 
analyzing the needs and aspirations of  potential 
users for the tests produced. The next activity 
was for the researcher to carry out benchmarking 
related to the three dimensions of  scientific literacy 
tests: compiling and designing test constructs, 
determining indicators, determining test forms, 
and developing items. Benchmarking was carried 
out by reviewing research that had been carried out 
and consulting with experts who have experience 
in preparing scientific reasoning tests, scientific 

inquiry tests, and tests of  the nature of  scientific 
knowledge. At the validation stage, researchers 
validated the test from various aspects, namely 
content, psychometric, and construct aspects. For 
the content and psychometric aspects, researchers 
involved seven resource persons, including 
material experts and psychometric experts. 
Content validity and psychometric analyses 
were carried out qualitatively. The validity of  the 
content aspect was carried out by three professors 
in the field of  science education and one science 
education practitioner, while the validity of  the 
psychometric aspect was carried out by two 
professors in the field of  education measurement 
and evaluation and one science education 
practitioner. The content and psychometric 
validation models used an inter-rater agreement 
between the research team and the raters. Based 
on the agreement of  the resource persons and the 
research team, blueprints for scientific reasoning, 
scientific inquiry, and the nature of  science 
knowledge tests were produced.

This research used a Rasch modeling 
approach to analyze the test›s construct validity. 
The type of  construct validity applied is Messick 
validity (McNamara, 2006), which consists of  
content aspects, substantive aspects, structural 
aspects, and external aspects (Ravand & Firoozi, 
2016; Bordbar & Alavi, 2021; Newell et al., 2021).  
The framework for implementing Messick›s 
construct validity (McNamara, 2006) with the 
Rasch model approach had been formulated 
by Susongko (2016), as explained in Table 1. 
For construct validity, so that item parameter 
estimates are stable, the instrument was tested in 
class XII involving 197 students from high school 
science programs with moderate academic 
ability. Trials were carried out on 27 July 2022 
and 4 August 2022. The test was carried out 
digitally via the website https://lisatest.id/
web/. This system has three roles: administrator, 
school, and student. Administrators can carry 
out all test administration and create student 
and school accounts; create classes of  test takers; 
create tests and test items; plan tests; carry out 
tests and get access to test results, both total 
scores and response patterns for each participant. 
School accounts can only view the test schedule 

Table 1. Construct Validity with the Messick Validity Approach and Application of  the Rasch Model

Aspects of Construct Validity Indicator Criteria

Content Test item fit (item fit) P > 0.05 
Substantive  P >  0.05 

Person fit statistic approaching 1.0
Structural accuracy, sensitivity, and specificity P< 0,05
External Invariance Test (LRtest) approaching 1.0
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and access the test results of  all students in one 
school. Student accounts can take tests and view 
test results.

Instruments validated qualitatively and 
quantitatively with Rasch modeling were then 
implemented on target subjects. At the implemen-
tation stage, passing standards were determined. 
A model for reporting scientific literacy scores 
was carried out, and digital scientific literacy test 
applications were used. At this stage, a scientific 
literacy test policy was also formulated to test the 
external validity of  the Lisa3D Test. This stage 
involved 407 high school students. The tests were 
conducted on 18 July 2023 and 24 July 2023. The 
instruments that had been implemented must be 
tested for external validity. The criteria are lear-
ning achievement, national literacy test results, 
and intelligence tests. If  a significant positive cor-
relation is found between the scientific reasoning 
ability score, the scientific inquiry ability score, 
and the knowledge score of  the essence of  science 
with one of  the criteria above, then the scientific 
literacy test created can be declared to meet the 
validity of  the criteria.

RESULTS AND DISCUSSION

At the stage of  preparing the test design, 
the research began by holding a Focus Group 
Discussion (FGD) of  researchers with all science 
teachers and several high school principals. This 
FGD was held on 28 March 2021 and lasted for 4 
hours. This FGD aimed to disseminate the theo-
retical framework for preparing scientific literacy 
assessment instruments based on scientific reaso-
ning, scientific inquiry, and the nature of  science 
knowledge, as well as to ask for input from teach-
ers and school principals regarding the research 
plan. Likewise, on 22 April 2021, the researchers 
asked for input from science education experts 
regarding the scientific literacy test that would 
be developed. The results of  the FGD can be 
agreed upon, and the instrument that measures 
scientific literacy competence consists of  three 
dimensions: scientific reasoning skill, scientific 
inquiry skill, and the nature of  science knowled-
ge for high school science program students. This 
test will comprehensively measure the mastery of  
scientific literacy of  high school science program 
students. It can be used as an alternative gradua-
tion criterion to increase the graduation standard 
for high school science program students. This 
scientific literacy test also reflects the success of  
science learning in high school, especially in the 
science program. Through this FGD, it was also 
agreed to name the literacy test that would be de-

veloped as the 3-Dimensional Scientific Literacy 
Test, abbreviated as the Lisa3D test, to differenti-
ate it from the previously developed scientific lite-
racy test, which still measured basic scientific li-
teracy skills (SLiSIS test) (Susongko et al., 2021). 
The results of  discussions with science education 
experts provide input so that the scientific literacy 
tests that are built can approach potential tests so 
that they can be developed into standard tests.

The scientific literacy test theoretical fra-
mework was developed using the scientific litera-
cy test framework according to Shamos (1995) in 
Hanson (2016). Considering several studies, this 
theoretical framework was further developed by 
researchers in three dimensions of  scientific lite-
racy: scientific reasoning, scientific inquiry, and 
the nature of  scientific knowledge. The concept 
of  scientific reasoning was formulated based on 
the theoretical framework developed by Wenning 
and Vierya (2020) and adapted according to the 
curriculum context applicable in Indonesia. The 
difference is that Wenning and Vierya (2015) di-
vide the categories of  scientific reasoning into six 
categories: Rudimentary, Basic, Intermediate, In-
tegrated, Culminating, and advanced, while rese-
archers only limit it to level Culminating. This is 
due to competency at the level of  advanced ana-
lysis, which is generally above the ability level of  
high school students. This researcher’s analysis is 
also supported by the results of  Hanson’s (2016) 
research, which measured scientific reasoning 
skills at the high school level only at the level of  
Culminating. A total of  25 scientific reasoning 
test indicators have been produced in the rese-
arch.

The theoretical framework for developing 
instruments for the dimensions of  scientific in-
quiry is based on the framework developed by 
Wenning (2007) (Wenning & Vierya, 2020). Wen-
ning (2007) builds scientific inquiry skills such as 
Discovery Learning, Interactive Demonstrations, 
Inquiry Lessons, Inquiry Labs, and Hypotheti-
cal Inquiry. Researchers compiled six scientific 
inquiry test skills and indicators using scientific 
narratives appropriate to the context of  Indone-
sian students. The theoretical framework for me-
asuring tests of  the nature of  science knowledge 
is derived from competencies formulated as indi-
cators of  someone understanding the nature of  
science according to several previous research as 
explained by Suzuri-Hernandez (2010). Resear-
chers added one indicator based on this theore-
tical framework: students’ ability to differentiate 
between fact and belief  phenomena. This is very 
important because the ability to distinguish facts 
and beliefs is the main indicator of  the difference 
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The Scientific Reasoning test items in 
Table 3 can be seen in Arfiani et al. (2023). The 
Scientific Inquiry items as in Table 4 can be seen 
at https://bit.ly/Inquiry-2024-UPS.

Table 4. Level of  Difficulty of  Scientific Research 
Test Details

No Difficulty Level No Difficulty Level 

1 -0.170 4 2.061
2 -0.806 5 -0.170
3 0.512 6 -0.980

Table 5. Level of  Difficulty of  Nature of  Science 
Test Details

No Difficulty Level No Difficulty Level

1 0.099 5 0.937
2 0.648 6 0.277
3 0.517 7 0.914
4 -0.614 8 0.364

See Susongko et al. (2024) to learn more about 
the nature of  science test items.

As a standard proficiency test, the Lisa3D 
Test must have minimum criteria where a student 
is declared to have minimal proficiency. Deter-
mining minimum criteria is what is called stan-
dard settings. Determining passing standards is a 
procedure for determining the minimum limit of  
competency or ability that a test taker must have 
after participating in a learning program. In this 
case, the learning program is as long as students 
participate in high school science programs. In 
determining the passing limit for the Lisa3D 
test, the Bookmark Method with the Rasch mo-
del approach is used. The Bookmark method is 
widely used because it is more practical, can be 
used in various tests, and is easy to implement. 
Likewise, the Bookmark method provides more 
accurate results because it can apply the use of  
modern test theory (IRT or Rasch model), uses 

between science and non-science. Thus, there are 
a total of  eight indicators. A complete study of  
the conceptual framework of  the three-dimensio-
nal scientific literacy test has been published by 
researchers. This study discusses the competency 
of  the three-dimensional scientific literacy test up 
to the reduction of  the indicators (Susongko et 

al., 2022). The results of  the construct validity 
analysis for the Scientific Reasoning Test, Scien-
tific Inquiry Test, and Nature of  Science Test can 
be seen in Table 2. The  difficulty level of  items 
from the three valid tests can be seen in Table 
3-Table 5.

Table 2. Results of  Construct Validity Analysis Using the Messick Validity Approach and the Rasch 
Model Application to Scientific Reasoning Test Items

Aspects of Construct 
Validity

Scientific Reasoning Scientific Inquiry Nature of Science  

Content
A total of  44 (88%) 
test items matched the 
model

A total of  12 (100%) 
test items matched the 
model

A total of  15 (93.7%) 
test items matched the 
model

Substantive

A total of  176 (90.7%) 
student responses 
matched the model

A total of  182 (93.8%) 
student responses 
matched the model

A total of  189 (97.4%) 
student responses 
matched the model

Accuracy: 0.744
Sensitivity: 0.798
Specificity: 0.68

Accuracy: 0.797
Sensitivity: 0.894
Specificity: 0.597

Accuracy: 0.732
Sensitivity: 0.829
Specificity: 0.59

Structural
The inconsistent item 
is item no. 2 

Inconsistent items are 
numbers 10,11 and 12 

The inconsistent item is 
item number 7

External 0.787 0.5088 0.4663

Table 3. Level of  Difficulty of  Scientific Reasoning Test Details

No
Level

Difficulty
No

Level
Difficulty

No
Level

difficulty
No

Level
difficulty

No
Level

difficulty

1  - 1.402 6 2.345 11 0.255 16 0.121 21 0.591

2 -0.084 7 -0.130 12 1.244 17 0.233 22 0.941

3 -0.569 8 1.325 13 -0.729 18 -0.038 23 -0.343

4 -1.564 9 1.089 14 2.162 19 -1.185 24 0.917

5 -0.595 10 1.649 15 0.008 20 1.114 25 1.271 
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ordered item data, and is more efficient in deter-
mining the passing score on the test based on the 
results of  expert discussions (Lewis et al., 2012; 
Clauser et al., 2017; Baldwin et al., 2020). The 
Bookmark method is used to conduct analysis 
using ordered test items. Test items are ordered 
from the easiest test items to the most challenging 
test items. The assessors divide ability levels, na-
mely basic, intermediate, and advanced levels, or 
with other categorizations. There is a comparison 
of  the assessment of  the level of  item difficulty 
between the results of  the analysis and the as-
sessments of  the judges (raters). Paying attention 
to the average difficulty level of  the 50 scientific 
reasoning test items means a passing limit for the 
scientific reasoning aspect can be determined at 
56% of  the ideal achievement. In the same way, a 
passing limit for scientific inquiry aspects can be 
produced at 50% of  the ideal achievement, while 
for the nature of  science aspect, it is determined 
at 56.25% of  the ideal score.

Based on the results of  implementation 
involving two schools, each with 195 School A 
students and 212 School B students, School B 
students performed better than School A students 
for all aspects of  scientific literacy. In the scienti-
fic reasoning aspect, there is a striking difference 
where the number of  School B students who pass 
is almost 17 times compared to the number of  
School A students who pass. In scientific inquiry, 
the achievements of  both schools are balanced, 
exceeding 70% of  students who have exceeded 
the passing limit. Regarding the nature of  scien-
ce knowledge, the number of  students who pass 
from School B is 10% higher than those who pass 
from School A. Detailed passing percentages can 
be seen in Table 6.

Table 6. Passing Percentage of  Students Who 
Take the Three-Dimensional Scientific Literacy 
Test by School 

Sub Test 
Passing per-
centage (%)
(School A)

Passing per-
centage (%) 
(School B)

Scientific Reasoning 2.56  23.58 

Scientific Inquiry 72.36 74.36

Nature of  Science 42.97 52.10

Based on the analysis of  each item, the 
scientific reasoning achievements of  School A 
students are generally lower than those of  School 
B students except for three indicators, namely the 
ability to generalize, the ability to use conditio-
nal thinking, and the ability to use proportional 
thinking to make a decision. The achievement 
of  scientific reasoning in both schools is highest 
at the elementary level, namely at School A at 
50.77%, while at School B students, it is 48.58%. 
However, School B students are superior in terms 
of  level attainment. 3.77% of  students are at the 
integrated level, and 25% are at the intermediate 
level. As a comparison, measurements of  reaso-
ning carried out by Hanson (2016) in America 
on high school students gave an average result 
of  30%. By using a three-dimensional scientific 
literacy test in the aspect of  scientific reasoning, 
it can be seen that the achievement of  students at 
School A is 32.76%, while for School B students, 
it is 41.9%. Theoretically, we expect high school 
students’ reasoning skills to reach a high level, 
but empirically, the average achievement is at a 
basic level. However, among School B students, 
25% are at the intermediate level, and 3.77% are 
at the integrated level.

Table 7. Three-dimensional Scientific Literacy Skill in the Scientific Reasoning Aspect

Scientific Reasoning Skill

Classify, Conceptualize, Conclude, Contextualize
Generalize, Sequence, Formulate problems, Estimate, Explain
Predict, Use conditional thinking, Apply Information
Explain Relationships, Use Quantitative Data, Use Combinatorial Thinking, Use Relationship 
Thinking, Define Problems in a Study, Define problems that can be solved, Design and conduct 
controlled scientific investigations
Interpret quantifiable data to establish laws
Determine whether the answer to the problem or question is rational
Summarize to justify conclusions based on empirical evidence
Use causality thinking to differentiate from coincidence cause and effect
Use correlational thinking to differentiate from coincidence cause and effect
Use proportional thinking to make a decision

 (Hanson, 2016)
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Likewise, in scientific inquiry, almost all 
indicators of  School B students’ achievements 
are higher than those of  School A students, ex-
cept for identifying scientific principles and their 
relationships. In this indicator, the achievement 
of  School B students is 47.59%, while the achie-
vement of  School A students is 58.94%. Except 
for this indicator, student achievement in both 
schools in the other five indicators is above 50% 
as the passing limit. This shows that scientific 
inquiry skills on indicators to identify scientific 
principles and their relationships need to be imp-
roved.

Regarding knowledge of  the nature of  
science, almost all indicators of  School B stu-
dents’ achievements are higher than those of  
School A students, except for distinguishing bet-
ween facts and explanations. In this indicator, the 
achievement of  School B students was 49.04%, 
while the achievement of  School A students was 
56.21%. There are only two indicators where stu-
dent achievement at both schools has exceeded 
the graduation limit, namely 56.25%. These in-
dicators are: (1) Understanding that observations 
are influenced and guided not only by scientific 
theory but also by the beliefs, values, attitudes, 
commitments, training, previous knowledge, past 
experiences, and expectations of  a scientist and 
(2) Understanding that Providing an explanation 
is not just a matter of  collecting data and doing it 
logically to get it, but intuition, imagination, and 
creativity are needed. Table 7 shows the profile of  
students’ three-dimensional scientific literacy skills for 
aspects of  scientific reasoning. 

Meanwhile, for scientific literacy skills, the 
scientific inquiry aspect includes building basic 
concepts from experience involved in explana-
tions and making predictions that enable teachers 
to obtain, identify, confront, and resolve alter-
native conceptions. Another skill is identifying 
scientific principles or relationships and finding 
empirical data based on variable measurements. 
The scientific inquiry aspect also measures a 
person’s ability to solve problems related to aut-
hentic situations when working individually or 
in groups using problem-based and project-based 
approaches with collaborative principles and pro-
ducing more realistic explanations for observed 
phenomena. Meanwhile, for scientific literacy 
skills, the aspect of  the nature of  science know-
ledge includes the ability to differentiate between 
facts and explanations and understand that ob-
servations are influenced and guided not only by 
scientific theory but also by beliefs, values, attitu-
des, commitment, training, previous knowledge, 
past experiences, and the hopes of  a scientist. The 

aspect of  the nature of  science also includes an 
understanding that providing an explanation is 
not just a matter of  collecting data but requires 
intuition, imagination, and creativity, as well as 
an understanding that the scientific method is a 
strategy for concluding explanations of  pheno-
mena, including evaluating comparisons of  speci-
fic predictions from observational data with exis-
ting data from the real world. Another aspect of  
the nature of  science knowledge is understanding 
that explanations are not determined only by data 
but by several different explanations and under-
standing that scientific explanations must meet 
several criteria, one of  which is observational 
confirmation of  predictions that have been made. 
Ultimately, the aspect of  the nature of  science 
knowledge also includes the ability to understand 
that a scientific explanation can be abandoned or 
even rejected in favor of  a new, better explanation 
and to be able to distinguish between facts and 
beliefs.   

The instruments used in the target popu-
lation must be evaluated on various things, such 
as the validity of  the scores, the quality of  test 
implementation, and the usefulness of  the test 
program. From these various aspects, score validi-
ty must be carried out. This is because the validity 
of  the score is related to external validity, which 
is one aspect of  validity that must be fulfilled in 
preparing the test. The Lisa3D test score results at 
this implementation stage will be compared with 
other more valid scores to measure its external va-
lidity. The analysis results show that the correla-
tion between scientific reasoning scores and mat-
hematics learning achievement scores is 0.296, 
and the correlation between scientific reasoning 
scores and physics learning achievement scores is 
0.697. By testing the significance of  0.01 with the 
help of  SPSS software, the analysis results show 
that both correlations are significant, so it can be 
stated that there is a real and significant correla-
tion between scientific reasoning scores and mat-
hematics learning achievement scores. Likewise, 
it can be stated that there is a real and significant 
correlation between scientific reasoning scores 
and physics learning achievement scores.

Until now, the development of  a scientific 
literacy test in Indonesia has never been achie-
ved by combining the three competencies as was 
done in this research, namely scientific reasoning, 
scientific inquiry, and knowledge of  the nature of  
science. As a reference for the development of  
scientific literacy assessments in Indonesia, PISA 
standards are still widely used and are related to 
scientific literacy skills at the junior high school 
level (Rosana et al., 2020; Atta & Ara, 2019; 
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Ni’mah, 2019; Ardiyanti et al., 2019). Some 
scientific literacy researchers in Indonesia have 
built scientific literacy tests based on the sub-
ject matter (Adnan et al., 2021; Mulbar & Bah-
ri, 2021; Rusilowati et al., 2018; Novaristiana et 
al., 2019; Dewi et al., 2019). Thus, the research 
conducted has produced novelty related to seve-
ral new things produce. First, the built scientific 
literacy combines three basic skills (scientific rea-
soning, scientific inquiry, and knowledge of  the 
nature of  science) as a standard for comprehensi-
ve scientific literacy mastery. Second, the develo-
ped scientific literacy was applied to high school 
students, where scientific literacy assessments in 
high school have rarely been carried out. Third, 
scientific literacy test is built based on modern 
test theory, the Rasch Model, and test validity 
using Messick Validity (2006), a reasonably com-
prehensive validity theoretical framework. In mo-
dern test theory measurement, the Rasch model 
is seen as the most objective measurement model 
(Sumintono, 2018; Briggs, 2019). 

From a psychometric perspective, poten-
tial tests will be more valid than actual tests. This 
is because potential tests can measure a person’s 
abilities before experiencing learning or are la-
tent, which can be caused by learning over a long 
period. These potential tests, for example, are 
general intelligence tests and aptitude tests. Ac-
tual tests are produced as a result of  a learning 
program. The Lisa3D test is basically an actual 
test even though the abilities measured are built 
over a long time, from learning experiences in 
middle and high school, perhaps even knowled-
ge outside the classroom. In this case, concurrent 
or same-time validity, information on potential 
tests that students have carried out is required to 
measure external validity. Unfortunately, resear-
chers do not have information regarding general 
intelligence (IQ) tests or aptitude tests students 
have carried out. For this reason, researchers took 
students’ learning achievement scores in the even 
semester of  the 2022/2023 academic year when 
students were in class XI. The scores used are 
Mathematics and Physics learning achievement 
scores. This external validity will be fulfilled if  
the correlation between the scores in the Lisa3D 
test and the learning achievement scores is real 
and significant (Veiga, 2016; Kluge et al., 2017).

Of  the three aspects of  scientific literacy, 
only scientific reasoning can be tested for crite-
rion validity because the reference scores are li-
mited, in this case, only mathematics and physics 
learning achievement. Several research studies 
show that scientific reasoning greatly influences 
student performance in mathematics and physics 

subjects (O’Connell, 2018; Ramos et al., 2013; 
Mayer et al., 2014). Thus, student performance in 
mathematics and physics subjects, shown by mat-
hematics and physics learning achievement sco-
res, can be used as a criterion score to see the vali-
dity of  scientific reasoning test scores. The results 
of  this research show a real and significant cor-
relation between scientific reasoning scores and 
mathematics learning achievement scores, and 
there is a real and significant correlation between 
scientific reasoning scores and physics learning 
achievement scores. Thus, the external validity of  
the scientific reasoning aspect is fulfilled. 

In aspects of  scientific inquiry and the 
nature of  science in the Lisa3D test, until now, 
researchers have not obtained a reference score 
previously, followed by students who took the 
Lisa3D test. To test external validity, the rese-
archers have tested the correlation between the 
achievements of  each indicator in the two tests 
in two schools. Assuming that if  the two indica-
tors of  the scientific inquiry test or the nature of  
science knowledge test are significantly correla-
ted, then it can be concluded that the test meets 
external validity. This can be done because score 
consistency is a measure of  evidence validity. Evi-
dence validity can be seen from the consistency 
of  two score distributions that measure the same 
content (Sireci & Faulkner-Bond, 2014; Sireci & 
Benítez Baena, 2023). The analysis results show 
that the correlation between the scientific inquiry 
scores for the two high school students is 0.926, 
while for knowledge of  the nature of  science, it 
is 0.635. From this information, it can be stated 
that the Lisa3D test in scientific inquiry and the 
nature of  science meets external validity.

The development of  high-stakes tests in the 
atmosphere of  implementing emancipated lear-
ning in Indonesian schools is contrary to Govern-
ment policy. Researchers can feel this because the 
students who took the test were not completely 
serious about taking the test. This is natural be-
cause the attempted test did not provide any con-
sequences for students, so motivation to succeed 
on the Lisa3D test was low. Low motivation will 
result in less than optimal learning achievement 
test results (Filgona et al., 2020; Howard et al., 
2021). Moreover, the emancipated curriculum 
has no standard test for students to graduate after 
taking a certain level of  school. However, with 
socialization and motivation, students can under-
stand the importance of  mastering scientific lite-
racy skills to build scientific skills in subsequent 
education.
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CONCLUSION

This research has produced a standard 
instrument for measuring the scientific litera-
cy of  high school students in science programs 
based on three dimensions: scientific reasoning, 
scientific inquiry, and knowledge of  the nature 
of  science, or called the 3-Dimensional Scienti-
fic Literacy Test/Lisa3D Test. The standard test 
consists of  25 scientific reasoning test items, six 
scientific inquiry test items, and eight items of  
knowledge of  the nature of  science. All these tests 
have met all validity, including content, psycho-
metric, construct, and external validity. The vali-
dity of  the construct applied consists of  content, 
substantive, structural, and external aspects. The 
standard test has been successfully implemented 
through the lisatest.id page with a cut of  56% for 
the scientific reasoning test, 50% for the scientific 
inquiry test, and 56.25% for the test of  knowledge 
of  the nature of  science. The Lisa3D test can be 
used as a standard instrument to measure scien-
tific literacy skills in senior secondary schools 
in natural science programs. Lisa3D test results 
can be used as additional passing criteria for high 
school students. In this way, high school gradua-
tes can be guaranteed comprehensive mastery of  
scientific literacy.
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