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ABSTRACT

Information regarding the evaluation of reasoning skills related to online socio-scientific issues is still limited due
to limited instruments. This research aims to determine the validity and reliability of an online socio-scientific
issue-based critical reasoning instrument. Content validity was proven by the assessment method by five experts.
Confirmatory factor analysis was carried out with the Lisrel 8.8 program to prove construct validity. Instru-
ment testing was carried out on 145 grade 10 high school students. Convergent validity was determined through
the Average Variance Extracted (AVE) calculation, and reliability was determined through Construct Reliability
(CR). There are 12 items from four dimensions of critical reasoning based on online socio-scientific issues: (1)
evaluating SSI information, (2) identifying SSI complexity, (3) checking the credibility of information sources,
and (4) multiperspective. The results of the content validity test obtained the Aiken coefficient value in the valid
category. Based on the analysis results, the GFI, RMSEA, and p-value of the instrument fit the model and have
loading factors that meet the minimum criteria. In addition, the instrument meets convergent validity and internal
consistency. Thus, it is concluded that the instrument is declared valid and reliable and can be used to measure
critical reasoning based on online socio-scientific issues.
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INTRODUCTION

Critical reasoning is a challenge for science
education in the current era of misinformation.
Critical reasoning is essential to evaluate various
sources and information that are controversial or
conflicting, such as climate change (Chu et al.,
2023; Freiling & Matthes, 2023). If one does not
have critical reasoning skills, there is the poten-
tial for misinformation (Nagel et al., 2022). So-
cial media such as Facebook and Twitter/X tend
to be a source of misinformation (Bizotto et al.,
2023; Dallo et al., 2023; Hashemi, 2023), alt-
hough research results state that misinformation
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on Facebook has decreased (Allcott et al., 2019).
Misinformation is seen as a threat to evidence-
based communication and decision-making.
Previous research results report that students
often mistake signs of weak credibilities, such
as the display of the website, domain, content,
and information provided. Misinformation has
transcended international boundaries between
languages and cultures (Lai et al., 2023). Critical
reasoning skills help students overcome the sub-
jectivity of sources, filter scientific information,
and solve multidisciplinary problems in various
contexts (Wiblom et al., 2019). Thus, informati-
on regarding students’ critical reasoning skills is
vital to face the threat of misinformation.
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Students’ ability to engage in critical rea-
soning is vital to their development. Critical
reasoning skill is an important learning goal, so
students are prepared for life (Nunn et al., 2016;
Chen et al., 2021). This importance is because
critical reasoning influences one’s beliefs and
behavior in everyday life (Cohen et al., 2022).
Critical reasoning skills are also closely related
to preparing high school students for university
(Wiblom et al., 2019). Education in the digital
and information era fundamentally changes the
way students learn and subject (Banerjee et al.,
2020). Through critical reasoning, students can
build, organize, and justify knowledge and create
new ideas (Chen et al., 2021).

Critical reasoning refers to scientific reaso-
ning in a social context. A complex social context
will impact multidimensional situations (Wiblom
et al., 2019). Social issues require different reaso-
ning than well-structured logical problem. Con-
flicting perspectives and logic must be considered
in generating solutions and justifying the know-
ledge that influences them (Saye & Brush, 2002;
Kim et al., 2023). An essential element in sol-
ving social issues is reasoning, which requires a
point of view (Parker et al., 1989; Saye & Brush,
2002). Students’ engagement in reasoning about
mass media and social justice reasoning has been
reported to involve perspective-taking about the
values they uphold (List, 2023). Thus, critical rea-
soning in complex social issues involves making
decisions from multiple perspectives.

Socio-scientific issues are social issues that
are substantially related to scientific principles,
are complex, multidisciplinary, controversial,
and contain dilemmas so that they require a pro-
cess of evaluation and analysis to make decisions
(Xiao & Sandoval, 2017; Bernard & Albert, 2018;
Namdar & Namdar, 2022; Cebesoy & Rundgren,
2023). Proposed solutions to socio-scientific is-
sues involve various perspectives from different
scientific disciplines (Garrecht et al., 2021). Stu-
dents can easily access complex socio-scientific
issues as a context for building scientific know-
ledge through online media. The increasing flow
of information and the need to deal with socio-
scientific issues make critical reasoning relevant
to training students. Internet resources are very
open and allow students to find conflicting in-
formation, so students must be able to critically
search, evaluate, and select online information
and verify sources (McGrew et al., 2019). Socio-
scientific issues (SSI) require policymakers and
citizens to limit scientific knowledge from mi-
sinformation and disinformation to make wise
decisions (Herman et al., 2022). Students from
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various backgrounds will undoubtedly have uni-
que knowledge, values, and experiences that will
influence their engagement with SSI differently
(Cian, 2020). Knowledge structure refers to an
individual’s organized collection of information
that provides a context that they can use to in-
terpret media messages (Cho et al., 2022). Social
media platforms allow users to seek information,
advice, and social support from others and cont-
ribute knowledge and suggestions (Tam et al.,
2022).

Previous research measures critical reaso-
ning in the health sector from online information
(Wiblom et al., 2019). Apart from that, the de-
velopment of critical reasoning evaluation tools
for web-based health information is still limited
to the subjectivity of information sources and the
activity of filtering scientific information called
GATOR (Genuine, Accurate, Trustworthy, Ori-
gin, and Readability) (Weber et al., 2010). The-
refore, opportunities to include multiple sources
and perspectives are essential (Wiblom et al.,
2019). Furthermore, the socio-scientific reaso-
ning instrument abbreviated as QuASSR (Quan-
titative Assessment Socio-scientific Reasoning)
was developed by Romine, consisting of 10 two-
tier questions arranged with two scenarios and
four dimensions: complexity, perspective-taking,
inquiry, and skepticism (Romine et al., 2017).
The QuASSR instrument developed has not con-
sidered aspects of information evaluation and
the credibility of information sources accessed
via the internet or online media. Other research
has found critical online reasoning and evaluati-
on frameworks to support students in learning to
read with critical awareness. Online critical rea-
soning skills have three aspects: online informa-
tion acquisition, critical information evaluation,
and reasoning based on evidence, argumentati-
on, and synthesis. Previous research finds that
online critical reasoning has been developed but
does not yet have the elements of complexity and
multiperspective necessary to make information
decisions. Critical reasoning studies by previous
researchers are still limited to health problems.
There is still a lack of comprehensive data on as-
sessing critical reasoning skills related to online
socio-scientific issues. Based on this, it is neces-
sary to develop instruments to measure critical
reasoning based on online sources, especially in
socio-scientific issues. The online socio-scientific
issue-based critical reasoning instrument has four
different indicators from previous research: eva-
luating SSI information, identifying SSI comple-
xity, assessing the credibility of SSI information
sources, and multiperspective.
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This research uses a socio-scientific con-
text related to the problem of illegal mining
and uses information sources from online news
websites to present the problem. The informati-
on sources obtained require credibility checks to
avoid misinformation. The context of illegal mi-
ning is a local issue that has become a complex
and controversial global issue, so it requires cri-
tical reasoning from various perspectives. Thus,
the instrument produced from this research is the
first instrument designed to measure critical rea-
soning based on online socio-scientific issues. The
resulting instrument will be known for its content
validity, construct validity, and level of reliability.
To bridge this gap, valid and reliable instruments
are needed to assess critical reasoning skills rela-
ted to online socio-scientific issues. Researchers
and educators can obtain appropriate data to pro-
ve students’ critical reasoning skills by carrying
out this activity. The researchers investigate whet-
her the resulting instrument is valid and reliable
for measuring critical reasoning related to online
socio-scientific issues.

METHODS

The instrument was prepared with the
following four steps: item formulation, content
validation, construct validation, and reliability
calculation (Lombardi et al., 2023; Subiantoro
& Treagust, 2021). This research aims to test the
validity and reliability of a critical reasoning test
instrument based on socio-scientific issues from
the internet for grade 10 high school students.

The item formulation step was carried
out by determining the purpose of preparing the
instrument, looking for relevant theories or scope
of material, formulating instrument item indica-
tors, and arranging instrument items. [tems were
formulated by reviewing the literature on the SSI
context and critical reasoning conceptually and
operationally through identifying and limiting
critical reasoning variables based on socio-scien-
tific issues to be measured. After the literature re-
view, the next step was to formulate items based
on the key aspects determined.

The second step was content validation
and revision based on input from expert vali-
dators. Content validity was proved by expert
judgment (Retnawati, 2016b). Five experts were
involved in proving content validity. The validity
index proposed by Aiken (1980; 1985) was used
to determine expert judgment.

The third step was to prove construct va-
lidity. Empirical trials were carried out to prove
construct validity. The instrument was tested on
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145 tenth-grade high school students consisting
of 89 women and 56 men from three high schools
in West Kalimantan, Indonesia. The tested par-
ticipants were first-year students in high school.
The sample was determined based on considerati-
on of sampling locations in the provincial capital,
district capital, and sub-district, each representing
one school that has implemented the Emancipa-
ted Curriculum. According to Hair (2010), the
sample size for maximum likelihood ranges from
100-400 samples. The data in this research was
collected online using Google Forms. Responses
to the test instrument are collected by completing
each test item within a limited time. Students’
responses to the test instruments were assessed
in the range 1-4 (1=Poor, 2=Average, 3=Good,
4=Very Good).

Data from the test results were analyzed
using the Kaiser-Meyer—Olkin (KMO) test and
Bartlett’s Test of Sphericity. This test was used
to check the adequacy of data for factor analy-
sis. The KMO test result was 0.91, exceeding the
minimum value of 0.6, and the Bartlett Test re-
vealed that p = 0.00 < 0.05, which confirmed the
suitability of the data for factor analysis (Pallant,
2020). Based on these results, the data was ana-
lyzed using a first-order confirmatory factor ana-
lysis approach. Data analysis used LISREL 8.8
software. CFA aims to assess how well a particu-
lar model fits the data and estimates the factor lo-
adings, variances, covariance of those factors, and
residual error variances of the observed variables
(Hox, 2021). The CFA model fit index criteria are
based on the x2 value, p-value, root mean squa-
red error of approximation (RMSEA), goodness
of fit index (GF1I), adjusted fit index (AGFI), and
comparative fit index (CFT). The criterion for the
Chi-square value is x 2 / df <2, while the p-value
is>0.05. RMSEA values <0.08, GFI>0.90, AGFI
>0.80, and CFT >0.90, indicating a suitable mo-
del (Brown, 2003; Elastika et al., 2021; Hair et al.,
2010). The fourth stage was an assessment of the
Average Variance Extract (AVE) and Construct
Reliability (CR) values, which was a further eva-
luation of construct validity. The minimum limits
are AVE > 0.5 and CR > 0.7 (Khampirat, 2021).

RESULTS AND DISCUSSION

The preparation of items results in four
dimensions: evaluating SSI information, iden-
tifying SSI complexity, assessing the credibility
of SSI information sources, and multiperspecti-
ve. Table 1 describes critical reasoning based on
socio-scientific issues.
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Table 1. Description of Critical Reasoning Based on Online Socio-scientific Issues

Dimension

Operational Definition

Indicator

Evaluating SSI informa-
tion

Identifying SSI complexity

Assessing the credibility of
SSI information sources

Multiperspective

Students’ ability to exam-
ine or check the truth of
information based on reli-
able information sources

Students’ ability to deter-
mine several causal rela-
tionships, pros and cons,
or the relationship be-
tween social and scientific
aspects of socio-scientific
issues

Students’ ability to deter-
mine reliable information
sources

Students’ ability to deter-

Through illegal mining issues from online
news, students can correctly check the
correctness of information from various
reliable sources.

Through illegal mining issues from online
news, students can correctly determine
multiple causal relationships, interrela-
tionships, and pros and cons in social and
scientific aspects.

Through illegal mining issues from online
news, students can correctly determine
information sources free from conflicts of
interest and bias.

Through illegal mining issues from online

mine stakeholders’ per- news, students can determine multiple
spectives on socio-scientif- stakeholders’ perspectives on socio-scien-
ic issues tific issues.

After determining the limitations and in-
dicators for each dimension, the test instruments

are arranged as in Table 2.

Table 2. Indicators of Online SSI-Based Critical Reasoning Dimensions and Item Examples

Indicator

Item Example

Through illegal mining issues from online news,
students can correctly check the correctness of
information from various reliable sources.

Through illegal mining issues from online news,
students can correctly determine multiple causal
relationships, interrelationships, and pros and
cons in social and scientific aspects.

Through illegal mining issues from online news,
students can correctly determine information
sources free from conflicts of interest and bias.

Through illegal mining issues from online news,
students can determine multiple stakeholders’
perspectives on socio-scientific issues.

Based on SSI (illegal mining) information from
online news, is there information not following
the expert judgment? Explain!

Based on SSI (illegal mining) information from
online news, what is the issue in the article?

Are there any causal relationships, interrelation-
ships, and pros and cons in the issue? Explain!

Does the information come from a reliable
source? Explain!

Based on this information, what actions and
solutions do you think should be proposed by
stakeholders? Explain!

Test questions are prepared based on the
context of illegal mining from online news. The
context of illegal mining in the test questions be-
comes a contextual stimulus because the issue of
illegal mining is encountered in everyday life. The
widespread cases of illegal mining have made it
complex and controversial in society.

Proof of content validity is carried out
quantitatively using the Aiken Formula. Aiken’s

V Index uses statements validated by five experts
(raters). The score range used is 1-4, with score
1 = not suitable, score 2 = quite suitable, score
3 = suitable, score 4 = very suitable (significan-
ce 0.05), then the Aiken reference value is 0.87
(Aiken, 1985). The results of V Aiken’s analysis
of 12 items have an index above 0.87. Thus, all
items are valid.
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The construct variables of critical reaso-
ning based on socio-scientific issues consist of in-
formation evaluation, credibility of information
sources, complexity, and multiple perspectives on

Table 3. Model Fit Test Result
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SSI. Trials are carried out to prove construct vali-
dity. The results of the construct validity test with
Confirmatory Factor Analysis (CFA) using the
Linear Structural Model are presented in Table 3.

Indicator Be:cclfll:ark Score Acquisition Model Fit
Chi-Square/df <2.00 1.29 Good
Probability (p-value) >0.05 0.098 Good
Root Mean Square Error of Approximation (RMSEA) <0.08 0.045 Good
Goodness of Fit Index (GFI) >0.90 0.94 Good
Comparative Fit Index (CFI) >0.90 0.99 Good
Adjusted Goodness of Fit Index (AGFI) >0.90 0.89 Margin fit

Table 3 shows that the results of empirical
tests in the field support the defined construct.
In general, the model fit requirements meet the
specified values. The CFA results show that the
critical reasoning test instrument items based on
online socio-scientific issues significantly affect

the observed variables with a p-value of less than
0.05. After the model is proven suitable, analysis
is carried out to determine construct validity. The
construct validity test calculates each indicator or
dimension’s expected loading factor (LF) value.
The factor loading results are presented in Figure

Chi-Square=54_18, d4f=43, P-value=0. 0582, BMSEA=0_045

Figure 1. Output Path Diagram of Standardized Solution Analysis Results

Correlations between items and the four

Table 4. Loading Factor Value Per Item

factors are presented in Table 4.

Corrected Total-Item

Dimension No Item Loading Factor Correlation
Evaluating SSI information la 0,77 0,41
1b 0,73 0,47
1c 0,71 0,50
Identifying SSI complexity 2a 0,62 0,60
2b 0,75 0,44
2c 0,80 0,36
Assessing the credibility of SSI information sources 3a 0,78 0,39
3b 0,80 0,36
3c 0,70 0,51
Multiperspective 4a 0,73 0,46
4b 0,80 0,36
4c 0,50 0,75
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Figure 1 shows the loading factor for each
item in the range of 0.5 to 0.80. This shows that
the correlation between items and factors has
reached the standard (minimum 0.5).

The next step is to test construct reliability
and convergent validity by analyzing the Avera-
ge Variance Extracted value. Construct reliability
analysis aims to measure the extent of the reliabi-
lity of the measurement model in measuring the
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latent construct in question (Roldan & Sanchez-
Franco, 2012). Average Variance Extracted ana-
lysis aims to determine convergent validity. The
convergent validity measure explains how the
items measure the construct indicated by an AVE
value with a minimum value of 0.5 (Alvarez-
Risco et al., 2022; Hair et al., 2010). Assessment
of Construct Reliability (CR) and AVE are pre-
sented in Table 5.

Table 5. Analysis of Construct Reliability (CR) and AVE

Construct Average
Dimensions of Online Socio-scientific Issue- . . Variance
. . Reliabil- Category Category
Based Critical Reasoning ity (CR) Extract-
ty ed (AVE)
Identifying SSI complexity 0,78 Reliable 0,53 Meets
conver-
Evaluating SSI information 0,77 Reliable gent valid-
1ty
Assessing the credibility of SSI information sources 0,80 Reliable
Multiperspective 0,72 Reliable

Table 5 shows that the results of the
construct reliability test on the four dimensions
meet the reliability criteria. The indicator of a va-
riable is said to be reliable if the CR value is>0.7.
There are four dimensions of critical reasoning
with an AVE value of more than 0.5.

The stages of preparing the instrument ac-
commodate conceptually the principles of critical
reasoning based on socio-scientific issues. Thus,
there are four indicators of critical reasoning
based on socio-scientific issues: evaluating infor-
mation, assessing the credibility of information
sources, complexity, and multiperspective based
on the specific development of socio-scientific is-
sues (illegal mining) from websites or online news
(Table 1 and Table 2). These four indicators of
critical reasoning based on online socio-scientific
issues are developed with needs related to recent
developments in the flow of information so that
the tendency for students’ activities to access va-
rious information from the internet is higher. The
issue of illegal mining, which contains dilemmas,
is controversial and complex and can become a
topic often discussed on social media or online
news. This issue becomes biased if it is presented
by prioritizing one party. The issue of illegal mi-
ning is complex and controversial because it is
related to the socio-economic impact on society,
which generally contradicts ethics and morals (Es-
pin & Perz, 2021). Although mining governance
policies in Indonesia are starting to move towards
environmental sustainability (Akhmaddhian et

al., 2023), political and cultural power relations
make violating or regulating small-scale mining
complicated (Asori et al., 2023). Illegal mining
activities open up job opportunities and can meet
economic needs despite unstable income (Mauli-
da et al., 2022). Illegal mining activities have imp-
lications for the Sustainable Development Goals
(SDGs). Positive impacts appear in the SDGs
related to economic activities and poverty, while
negative impacts appear in categories related to
health and the environment (Laing & Moonsam-
my, 2021). The research results also report that
children are involved in illegal gold mining and
dropped out of school (Azumah et al., 2020).
Before empirical testing is carried out in
the field, experts validate the instrument. Aiken’s
V index indicates that the instrument developed
is suitable for measuring the extent to which the
items in the instrument represent components in
the overall content area of the object to be me-
asured and the extent to which the items reflect
the behavioral traits to be measured (Baharuddin
et al., 2020; Nunnally & Bernstein, 1994). Ex-
perts provide suggestions and recommendations
for improving the instrument so that the instru-
ment can be used to measure the desired variable.
Expert agreement on indicators of critical reaso-
ning regarding online socio-scientific issues has
four dimensions: evaluating SSI information, SSI
complexity, assessing the credibility of informati-
on sources, and multiperspective. Based on Table
2, the instrument for evaluating information is
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based on comparing the content of SSI informa-
tion with external sources. Students are asked to
assess appropriate and inappropriate informati-
on and provide reasons for appropriateness and
inappropriateness based on reliable external sour-
ces (Keshavarz, 2021). Assessment of the credibi-
lity of SSI information shows whether the source
website is trustworthy, accompanied by reasons
from various factors. Marttunen et.al. (2021)
also indicates that assessing the credibility of in-
formation sources is assessing each source and
identifying the main position of the source and
the supporting reasons. Meanwhile, the items for
SSI complexity are arranged through reasoning
that connects cause and effect, interrelationships,
or pros and cons in the illegal mining problem.
Furthermore, the items for taking the SSI multi-
perspective provide alternative actions and solu-
tions that stakeholders should propose based on
the illegal mining problem.

Based on Table 3, the GFI value obtained
is 0.94, exceeding the proposed cut-off value and
indicating that the instrument model fits the pro-
posed basic model (Goretzko et al., 2023). Like-
wise, the RMSEA value is 0.045, which is smaller
than 0.08; Chi-Square/df 1.29, which is smaller
than 2; probability (p-value) 0.098 which is grea-
ter than 0.05; Comparative Fit Index (CFI) 0 .99
which is greater than 0.90, and Adjusted Good-
ness of Fit Index (AGFI) 0.89 which is smaller
than 0.90, is included in the marginal fit catego-
ry. However, overall, the instrument model fits.
Construct validity is achieved when the instru-
ment construct model meets the fit index condi-
tions (Hu & Bentler, 1999). Next, empirical tests
are carried out in the field at three high schools.
The analysis results show that the 12 instrument
items have loading factor values that meet the
minimum criteria of 0.5 in the range of 0.5-0.8
(Figure 1). Factor loadings indicate how well an
item is related to its factor. Apart from that, fac-
tor loading also shows that the items contained in
one factor differ from those in others. This ana-
lysis shows four dimensions of critical reasoning
based on socio-scientific issues.

The construct reliability value represents
internal consistency with a value > 0.7 (Table 5).
The research results show that the four variables
observed in the online socio-scientific issue-based
critical reasoning test instrument have the follo-
wing construct reliability coefficients: 0.78, 0.77,
0.80, and 0.72. Thus, each instrument variable
is reliable for measuring students’ critical reaso-
ning. According to Retnawati (2016a), construct
reliability is the consistency of the variables,
which are the latent constructs to be tested. Based
on the CR value, the instrument has a high level
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of consistency when measurements are carried
out using this instrument. CR demonstrates bet-
ter instrument reliability and provides a robust
reliability measure in research (Rosli et al., 2021).

The results of convergent validity analysis
based on AVE values meet the minimum crite-
ria in the following three dimensions: identifying
SSI complexity, evaluating SSI information, and
assessing the credibility of SSI information sour-
ces. However, the AVE value has not reached the
minimum value in the multiperspective dimensi-
on (Table 5). An AVE value below 0.5 indicates
that the latent construct variance for each item
indicator is lower than the error variance (Rid-
wan et al., 2023). As a result, instrument items
on multiperspective dimensions are less valid for
measuring each observed variable. AVE measu-
res the amount of Variance a construct captures
in terms of the Variance due to the measurement
error (Moreira, 2020). The overall percentage of
AVE in the other three dimensions is above 50%,
indicating good convergent validity. The AVE
values agree with the index estimates, justifying
the choice of variables that make up the construct
(Valentini & Damasio, 2016; dos Santos & Ciril-
lo, 2021).

The advantages of this online socio-scien-
tific issue-based critical reasoning instrument
are related explicitly to socio-scientific issues
from online news sources and the solutions offe-
red from online sources’ evaluation results. The
instrument provides a context for students to rea-
son critically about online SSI. This instrument
contributes to the availability of measuring tools
for critical reasoning skills as one of the skills of
the 21st century. This research has limitations in
the context used, the illegal mining context. In
addition, the research instruments of construct
validity and reliability test only use first-order
CFA with a correlation factor model.

CONCLUSION

Critical reasoning instruments based on
socio-scientific issues have valid and reliable cha-
racteristics, so they can be used to measure. The
instrument consists of 12 items that assess the
dimensions of critical reasoning based on socio-
scientific issues that meet the content validity of
expert judgment, construct validity, convergent
validity, and construct reliability. The socio-scien-
tific issue-based critical reasoning instrument de-
veloped is suitable for use as a learning evaluation
tool. This instrument can observe students’ cri-
tical reasoning profiles on online socio-scientific
issues.
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