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ABSTRACT

Immense students’ belief  in misinformation indicates the less optimized quality of  science education. However, 
research that analyzes the predictors of  this problem is still rarely done. Biology knowledge (BK) depicts the level 
of  biological information mastered by students; attitude toward science (ATS) is related to students’ views when 
participating in science learning; while disbelief  in conspiracy theories (DiCT) describes a person’s ability to ex-
amine information that contradicts scientific truth. The current research was aimed at analyzing BK, ATS, and 
DiCT among Biology students, as well as the correlation between the three. The data collection instrument used 
was an online questionnaire comprising four main sections: demographic items, 15 Biology, and the General Pub-
lic Questionnaire items, 40 ATS test items, and 8 DiCT items. Analysis was conducted on data from 820 respond-
ents collected from February-March 2022. Some techniques for data analysis were applied, including frequency 
and percentage estimation, Kruskal-Wallis H test analysis, Dunn’s test analysis, Kendall’s Tau Correlation, and 
rank-based estimation regression. This research found that: 1) student’s ages and genders did not significantly 
contribute to any, while institutional status and study years did to BK and DiCT; 2) study program significantly 
contributed to ATS, and 3) ATS was found to not correlate significantly with DiCT, but BK was significant by 
the DiCT. Therefore, BK becomes the main competency that can protect students from unscientific conspiracy 
theories. This study has revealed a novelty framework about the position of  knowledge and attitude in predicting 
students’ abilities when examining misinformation.    
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INTRODUCTION

Science education is so critical to making 
students equipped with scientific knowledge. 
Scientific knowledge improves students’ awa-
reness of  environmental issues (Hadzigeorgiou 
& Skoumios, 2013; Illahaqi et al., 2021). In ad-
dition, science education can be an ideal health 
education platform that educates students to live 
more healthily (Rangel et al., 2014; Fitriyah et 
al., 2021). More than that, by studying science, 

students can understand and respond accurately 
to any natural phenomena that happen around 
them (Shtulman & Valcarcel, 2012; Iwuany-
anwu, 2019). Considering its critical role, science 
education must be considered one of  the top-pri-
ority curriculum components, from preschool to 
informal education levels in the middle of  wide 
society (Adams et al., 2018). 

One of  the competencies students should 
acquire after attending science education is mas-
tery of  Biology concepts. Even though it belongs 
to the lower-order thinking skills category, ac-
quiring basic concepts will be a good capital for 
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students to achieve higher-order thinking skills 
(Tikhonova & Kudinova, 2015; & Pramesti et 
al., 2022). On the importance of  Biology con-
cept acquisition, such competence is still majorly 
found as one of  the primary dependent variab-
les included in most of  the education research in 
some countries (Zion & Klein, 2015; Connell et 
al., 2016; Fan et al., 2018; Wernecke et al., 2018). 
Many biology researchers have used varied evalu-
ative instruments to assess students’ concept ac-
quisition (Wulandari et al., 2020). By possessing 
Biology knowledge (BK) and attending Biology 
instructions, students acquire good capital to ana-
lyze any Biology phenomena that exist around 
them (Chamany et al., 2008). They are even able 
to determine which information is relevant to 
scientific truths and which one is not (Sharon & 
Baram‐Tsabari, 2020). In addition, they will also 
be able to give reasonings for existing governmen-
tal policies because, most recently, most public 
policies are based upon scientific evidence (Sprui-
jt et al., 2014; Amaratunga et al., 2020; Williams 
et al., 2020).

Nowadays, one of  the happening Biology 
phenomena in society is the COVID-19 Pande-
mic. By understanding Biology, one can under-
stand and give good reasonings for COVID-19’s 
possible causes, mode of  transmission, and 
effects (Li et al., 2020; Yesudhas et al., 2021). 
Furthermore, Biology development has also led 
scientists to a series of  analyses on how to pre-
vent, cure, and develop vaccines for COVID-19 
(Borah et al., 2021; Prasansuklab et al., 2021). 
Unluckily, in times of  pandemic, there has been 
much misinformation about COVID-19, which 
is found to violate the values of  scientific truths 
(Cuan-Baltazar et al., 2020; Verma et al., 2020). 
Misinformation is usually spread through diverse 
social media platforms, e.g., Facebook (Ahmed 
et al., 2020), Twitter (Krittanawong et al., 2020), 
and WhatsApp (Bowles et al., 2020). Besides, 
misinformation about COVID-19 is also easily 
found broadcasted on some video-sharing plat-
forms, like YouTube (Moon & Lee, 2020) and 
TikTok (Basch et al., 2021).

Conspiracy theory (CT) about the CO-
VID-19 pandemic is considered part of  non-
scientific misinformation, which is found to 
have vastly aired and believed in by many people 
(Shahsavari et al., 2020). Such individual misun-
derstanding about basic concepts and scientific 
principles has become the utmost reason why one 
easily believes in CT (Rutjens et al., 2021). Many 
conspiracies dictate people's disbelief  in scientific 
truths, often dragging them down to committing 
unnecessary and less impactful things (Hughes et 

al., 2022). For instance, a group in a communi-
ty who believes in CT about COVID-19 may feel 
ignorant about health protocols, making them 
unwilling to wear the mask and obey the other 
necessary protocols (Kroke & Ruthig, 2022; van 
Prooijen et al., 2021). Further, the CT believers 
have also clearly refused vaccination held by the 
government (Jolley & Douglas, 2014). Most of  
them, in fact, roughly accept the CTs without 
further inspection of  their valid scientific truth. 

Moreover, attitudes toward science (ATS) 
can be restrictive for one to believe in non-scienti-
fic misinformation. ATS is linked to the scientific 
attitude, and the latter is connected with indivi-
dual habits in receiving scientific truths. In such 
a condition, one's accurate attitude toward scien-
ce will determine their level of  belief  in science 
(Wintterlin et al., 2022). In line with it, communi-
ty ATS is crucial to preserve the sustainability of  
science and technology development (de Jong et 
al., 2020). According to the instructional aspect, 
ATS correlates with cognitive learning outcomes 
(Kristiani et al., 2016) and students’ science achie-
vements (Mao et al., 2021). Undoubtedly, in ad-
dition to enhancing understanding of  science, the 
existence of  science education is fully expected to 
reinforce students’ ATS. 

Nonetheless, the problem is that massive 
information aired during the pandemic has also 
probably influenced Biology students through 
several conspiracies that are categorized as non-
scientific. Many students access the internet as 
the primary source of  information regarding CO-
VID-19 (Fauzi et al., 2020). The internet is whe-
re misinformation and CT grow and get massive 
(Cuan-Baltazar et al., 2020). Further, it is also 
found that students tend to read more informa-
tion on the internet than to understand scientific 
findings published in journals. That BK and ATS 
are the potential to protect students from CT, and 
sustainable evaluation of  these competencies is 
necessary. 

Apart from how the actual condition is, re-
search on BK and ATS concerning the COVID-19 
pandemic cannot be found yet. Research on BK 
is typically limited to the influence of  instructio-
nal models (Connell et al., 2016; Ristanto et al., 
2020), instructional media (Fan et al., 2018), or 
its correlation with thinking skills (Amanda et 
al., 2021). Research on ATS, during the recent 
decade, has been more focused on studying the 
influences of  genders and grade levels (Lee & 
Chung, 2014; Zeidan & Jayosi, 2014; Kristiani et 
al., 2016; Fulmer et al., 2019), or even only on 
mapping student’s ATS categories (Hacieminog-
lu, 2016; Astalini et al., 2019). Meanwhile, other 
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research attempts to study science instruction 
models that potentially optimize students’ ATS, 
like ILD (Ananda et al., 2019) and CPI (Sunarti 
et al., 2018). Moreover, some publications on stu-
dents’ refusals or disagreements over CT in scien-
ce are still of  enormous rarity. 

From the literature that has been descri-
bed, currently, many people believe in informa-
tion that is contrary to science. This condition 
occurs not only among the general public but also 
in the academic community and students with a 
science education background. This problem is 
influenced by the onslaught of  misinformation in 
today's digital era. Several studies have attempted 
to raise this issue, but the research that seeks to 
solve the problem directly is still challenging to 
find.

The situation's complexity is the cause of  
the difficulty of  directly solving this problem. 
The first step that can be taken to respond to the-
se problems is to identify predictors that affect a 
person's level of  trust in misinformation. Predic-
tor identification is needed as an initial effort to 
overcome problems from upstream. If  efforts to 
identify predictors are not carried out, efforts to 
reduce the level of  public and student trust in mi-
sinformation are challenging to formulate. If  pre-
dictors are identified successfully, problem-sol-
ving can be formulated better in future research.

When predictors cannot be revealed and 
belief  in misinformation is growing among stu-
dents, many are easily provoked to distrust scien-
ce. As a result, they are reluctant to comply with 
the recommendations given by the government 
and scientists. This condition causes various na-
tural disasters such as environmental damage to 
pandemics to be challenging to overcome.

Based on the initial explanation, although 
no research has examined the relationship bet-
ween BK and ATS on the level of  misinforma-
tion, it is indicated that both of  them can affect 
students' DiCT levels. For that reason, the ultima-
te aim of  the current research is to analyze BK, 
ATS, and disbelief  in CT (DiCT) among Biology 
students. In addition, analysis to find correlation 
among those three aspects is the other aim of  the 
research.

Notably, this research is critical since its 
findings can be bases for quality evaluation of  
scientific instructions in this misinformation era. 
The admission rate of  students with a science 
background toward non-scientific CT will reflect 
on to what extent science education can build 
students equipped with scientific attitudes. Com-
parative and correlational analyses made in the 
research can also provide information about any 

factors that possibly contribute to students’ rea-
soning power on CT. In addition, as this kind of  
research is still rare, publication of  such research 
will provoke other typical research on how scien-
ce education quality seems to be, mainly based 
on students’ competency at information analysis 
over the information they receive.

Apart from the novelty and urgency of  this 
research, the limitations also need to be consi-
dered. First, this research only involved students 
from study programs related to biology. Second, 
the research is limited to the territory of  Indone-
sia by only involving Indonesian students. Third, 
the conspiracy theories that focus the discussion 
are related to health, especially those discussing 
the COVID-19 pandemic.

METHODS

This survey research is aimed to map Bio-
logy knowledge, students’ scientific attitudes, and 
disbelief  in non-scientific conspiracy theories. A 
survey was conducted in February-March 2022, 
with students throughout Indonesia appearing 
to be the population target. This survey is as-
sessment-based on the population's immeasurab-
le knowledge and attitudes. As many as 10,000 
students were recruited as the target research 
population. Consistent with Krejcie and Morgan 
Table (Krejcie & Morgan, 1970), on the degree of  
confidence of  95% and margin of  5%, the mini-
mum sample size to achieve was supposed to be a 
total of  370 respondents.

A purposive sampling technique was app-
lied to define the survey's respondents. For the 
inclusive criteria, respondents had to be active 
students majoring in any fields related to Biolo-
gy and Indonesian. In addition, exclusive criteria 
were also applied, including students who drop-
ped out; post-graduate students; students with 
incomplete demographic data; and students not 
filling out informed consent as respondents.

Data about BK were collected using Bio-
logy and the General Public Questionnaire 
(BGPQ) developed by Schanker (1995). This 
knowledge questionnaire consisted of  15 questi-
on items, and the respondents were required to 
identify each of  the statements by selecting one 
out of  two options: (1) agree and (2) disagree. 
The instrument, moreover, was already adapted 
into an Indonesian-generated instrument and va-
lidated by three validators, namely: an expert in 
instructional evaluation (a lecturer of  Instructio-
nal Evaluation Course); an expert in instructional 
media (a lecturer of  Science Education-Biology); 
and a language expert (a lecturer from Indone-
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sian Language Department). All BK questions 
were declared valid by involving 600 students in 
the item analysis process.

Moreover, data about ATS were collected 
using the Attitude towards Science Test (ATST) 
instrument developed by Chin and Lim (2016). 
The instrument was a form of  a questionnaire 
comprising 40 question items that accessed the 
respondents’ perceptions of  science. There were 
five options provided for the respondents to se-
lect for each of  the statements: (1) strongly disag-
ree; (2) disagree; (3) not sure; (4) agree; and (5) 
strongly agree. Similar to BGPQ, before ATST 
was used, three validators validated the instru-
ment in terms of  evaluative, material, and linguis-
tic aspects. Through the Rasch model, ATST is 
considered to have good psychometry (based on 
fit statistics, correlations, diagnostic rating scale, 
and person-item reliability and separation).

At last, data about students’ disbelief  in 
non-scientific misinformation were measured 
using the Conspiracy Theory about COVID-19 
(CT-C19) instrument. It was a questionnai-
re that consisted of  eight statements regarding 
COVID-19 non-scientific conspiracies. Further-
more, the respondents were provided with three 
options, (1) agree, (2) neutral, and (3) disagree, 
and they had to choose one. Unlike BGPQ and 
ATST, CT-C19 was an instrument designed and 
developed by the researcher, which had been te-
sted in advance in previous research (Fauzi et al., 
2022). In respect of  factor analysis results, this 
instrument could measure respondent’s disbelief  
in CT for it acquired recommended GOF values, 
including: χ2/df= 2.527; RMSEA SRMR= 0.014; 
CFI=0.964; GFI= 0.969; AGFI= 0.940; TLI= 
0.947; and NFI= 0.943. 

The research begins with determining the 
target sample and how to access it. The deter-
mination of  the sample was analyzed using the 
steps described in the "Research Design and Res-
pondents" sub-section. Next, the data collection 
instrument was prepared. The instruments from 
previous studies (BGPQ and ATST) were ana-
lyzed for validity using a validator assessment, 
while the CT-C19 instrument was analyzed using 
factor analysis. Furthermore, all those three 
instruments were integrated as one, separated 
into four sections, i.e., respondent’s demography, 
BK, ATS, and DiCT. 

During data collection, Indonesia was still 
suffering from the COVID-19 pandemic. Due to 
the rise in the COVID-19 case rate, mainly due 
to the Omicron variant, most lecturing sessions 
were conducted remotely (online). In response 
to such a condition, directly collecting sample 

data from the participating institutions was im-
possible. Thus, the survey was also administered 
online, and the data collection instrument was 
transformed into an online questionnaire using 
the Google Form platform. The link to the sur-
vey was disseminated to several lecturers in some 
participating institutions. Moreover, lecturers 
who received the link were to share it with their 
students. After the data were collected and pro-
cessed, various data analysis techniques were car-
ried out, which will be explained in the following 
sub-section. 

Survey data were downloaded in Comma 
Separated Values (CSV) format. Before the ana-
lysis, data pre-processing was carried out using 
Microsoft Excel. Further, a list of  students with 
incomplete data, not meeting the inclusive crite-
ria, and belonging to exclusive criteria were re-
moved from the research. Afterward, the number 
of  students for each demographic group was cal-
culated. For BK, the ‘agree’ response was scored 
1, and ‘disagree’ 0. For ATS, ‘strongly agree’ was 
scored 5, ‘agree’ 4, ‘not sure’ 3, ‘disagree’ 2, and 
‘strongly disagree' 1. At last, regarding DiCT, 'ag-
ree’ was scored 2, ‘disagree’ 1, and ‘neutral’ 0. 
After that, the score total from the three variab-
les was converted into a single score on a scale 
of  0-100. In addition, the average scores attained 
from each demographic group were compared. 
To make sure that no gaps existed in each group's 
achievements, the Kruskal-Wallis H test was con-
ducted (MacFarland & Yates, 2016). If  the ana-
lysis showed a significant difference, further test 
using Dunn’s test was carried out (Dunn, 1964). 
After that, BK, ATS, and DiCT were analyzed to 
inspect the correlation using Kendall’s Tau Cor-
relation (Kendall, 1948). Next, any predictors 
that appeared to correlate significantly were furt-
her analyzed using rank-based estimation regres-
sion (Kloke & McKean, 2012). The use of  those 
nonparametric tests was based on the distribution 
of  the data obtained in this study. Data analysis 
was thoroughly carried out using RStudio (the 
R script used in analyzing the research data can 
be accessed at the following link: https://bit.
ly/3QgeDxt).

RESULTS AND DISCUSSION

After the instrument was distributed in 
some participating Higher Education institu-
tions, 821 students were willing to join the sur-
vey. There was one that did not meet the inclusive 
and exclusive criteria, which made the students 
get eliminated. Of  the rest respondents, the majo-
rity were 19 years old, female, and senior (fourth-
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year) students. Furthermore, respondents from 
private institutions were more dominant than 
those from public ones. Besides, the number of  
Biology Education Department students was 
smaller than that of  other departments. In detail, 
students’ demographic distribution is shown in 
Table 1.

After the score data were processed, the 
distribution of  students’ BK scores (M = 50.41) 
was lower than their ATS ones (M = 75.59). The 
distribution of  those three variables was presented 
in the histogram depicted in Figure 1. Moreover, 
this student’s BK score achievement was still not 
optimized. Referring to the minimum standard 

criteria of  completion applied in most educatio-
nal institutions in Indonesia, most students were 
still beyond the criteria. Several statements in 
BGPQ constituted basic concepts of  Biology that 
were supposed to be fully acquired by students. 
Items related to a topic about the stomach as 
the central spot for the digestive system were the 
items attaining the highest frequency of  incorrect 
answers. In fact, students’ low score achievement 
in Biology knowledge was congruent to previous 
research findings demonstrating that many stu-
dents felt hard when learning numerous Biology 
concepts (Ozcan et al., 2014; Fauzi et al., 2021).

Table 1. Demography of  Students Participating in the Research (n = 820)

Variables Freq (n) %

Age (years old)

< 19 120 14.6

19 227 27.7

20 181 22.1

21 169 20.6

> 21 123 15.0

Gender

Male 236 28.8

Female 584 71.2

Institutional Status

Public 356 43.4

Private 464 56.6

Department

Biology Education 258 31.5

Biology and Applied Biology 264 32.2

Biomedical 298 36.3

Year of Study (Year)

First 120 14.6

Second 67 8.2

Third 115 14.0

Fourth 427 52.1

Above Fourth 91 11.1

Unlike BK, despite being less maximum, 
students’ ATS score achievement was better. Such 
a finding was in line with some previous research 
on typical conditions. The past research did not 
only work with Indonesian students (Astalini et 
al., 2019; Tanti et al., 2021) but also with those 
from other countries, such as Palestine (Zeidan & 
Jayosi, 2014) and Nigeria (Sakariyau et al., 2016). 
Furthermore, the research finding indicated that 

Biology students generally possessed a positive 
perspective on science. Regarding any indicators 
included in the instrument used, the students 
were shown to: have good self-concept toward 
science, understand the social implications of  
science, scientifically perceive a phenomenon, 
acquire positive attitudes toward scientific inqui-
ry, get interested in science, and feel comforted 
when attending science instructions (Chin & 
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Lim, 2016). More importantly, positive percep-
tion demonstrated by students on science is so 
critical since it potentially influences their science 
learning outcomes (Mao et al., 2021). 

Figure 1. Histogram of  Student’s Score Distri-
bution on Knowledge (BK), Attitude (ATS), and 
Disbelief  in Conspiracy (DiCT) Variables

On the other hand, the score distribution 
of  the DiCT variable was broader than those of  
two other variables despite close average typica-
lity with BK (M = 54.50). The DiCT instrument 
used in the research raised some conspiracies 
regarding the COVID-19 pandemic. The low le-
vel of  students’ disbelief  in those conspiracies 
was consistent with previous research reporting 
that level of  literacy on COVID-19 phenomena 
demonstrated by Biology students in Indonesia 
was still low (Fauzi et al., 2020). In addition, the 
other researchers also found that students’ kno-
wledge about the pandemic was still less satis-
factory (Adli et al., 2022; Sondakh et al., 2022). 
Nevertheless, such a finding did not align with ot-
her foreign research showing that students could 
identify whichever information based on natural 
science falls into fake news about the COVID-19 
(Puig et al., 2021).   

Regarding students’ responses, CT on the 
pharmaceutical industry constituted the most 
believed conspiracy among the students. Con-
sistent with the finding, this sort of  CT was the 
most broadcasted conspiracy in the communities 
(Ladini, 2021). In addition, this health CT was, 
in fact, existent even before the pandemic began 
(Blaskiewicz, 2013; Singler, 2015). Because of  be-
lieving in such a conspiracy, one would not only 
have negative perceptions on the pharmaceutical 
industry but also tend to disbelieve in health ex-
perts and officials. 

The other CT attaining much belief  from 
students was a conspiracy about SARS-CoV-2 
as a biological weapon designed by superpower 
countries. The issue has been a hot topic since the 
beginning of  these COVID-19 phenomena un-

til recently (Nie, 2020; Knight, 2021). As a part 
of  science education, students were educated to 
acquire scientific attitudes. In addition, students 
were not allowed to get trapped in any non-scien-
tific evidence easily. In line with this conspiracy, 
no scientific evidence was found supporting that 
the virus causing COVID-19 was a biological wea-
pon. Based on research carried out by some Bio-
logy experts, this virus existed more logically due 
to natural mutation in the virus genome (Khan et 
al., 2020; Li et al., 2020). In fact, genetic mutati-
on constituted one of  several topics in Genetics 
and Evolution courses that had to be offered in 
any department of  Biology. The student’s strong 
belief  in this conspiracy topic about biological 
weapons clearly indicated a weak acquisition of  
concepts in Genetics and Evolution topics. The 
indication corresponded to previous research that 
unveiled student’s low understanding and high 
misconception rate on genetics (Kılıç et al., 2016; 
Queloz et al., 2017) and evolution (Queloz et al., 
2017; Karataş, 2020) topics. Similar to it, Gene-
tics and Evolution were reportedly considered the 
two most difficult subjects for most Biology stu-
dents (Fauzi et al., 2021). 

Furthermore, the other interesting CT to 
be discussed was vaccination. Despite items on 
this topic gaining the highest average of  correct-
ness according to students’ responses, the rate 
of  their correct responses was only below 50%. 
Similar to the conspiracy on the pharmaceuti-
cal industry, the one on vaccines had massively 
grown before the pandemic (Jolley & Douglas, 
2017). In times of  pandemic, this sort of  CT 
was also the most found conspiracy dissemina-
ted via social media platforms, such as YouTube 
(Ginossar et al., 2022) and Twitter (Jamison et 
al., 2020). Individual belief  in these conspira-
cies could make people too ignorant to vaccinate 
themselves (Jolley & Douglas, 2014; Ullah et al., 
2021). Regarding biology concepts, vaccination 
was studied through virus and immune system 
topics. Unluckily, the latter was also deemed one 
of  the most complicated subjects for the students 
to study (Fauzi et al., 2021). Undoubtedly, many 
students acquired less satisfactory input about 
the topic, making it easy to believe in a vaccine 
conspiracy.

Furthermore, related to respondents’ de-
mography, any demographic variables unlinked 
to education background did not significantly 
contribute to students’ achievement scores. As 
mentioned in advance, demographic variables en-
compassed students’ age and gender. In more de-
tail, the average score from each student’s demo-
graphic group and descriptions of  Kruskal-Wallis 
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(MacFarland & Yates, 2016) and Dunn’s tests 
(Dunn, 1964) are shown in Table 2. The absence 
of  significant difference among age groups was 
caused by age’s lack of  association with the year 
of  study. In other words, students with older ages 
indefinitely had a more extended year of  study. It 
was because age could not be a limitation when 
one was supposed to get registered in Higher 

Education. Moreover, even though gender cont-
ributed less significantly, female students’ ATS 
was higher than that of  males. This finding was 
positive to previous research demonstrating that 
female students reflected ATS more positively 
than males (Nurfina et al., 2022), both of  which 
indicated no significant difference (Olasehinde & 
Olatoye, 2014).

Table 2. Student’s Average Scores for Three Variables under Research based on Demography Data

Vari-
ables

Biology Knowledge Attitudes toward Science
Disbelief in Conspiracy 

Theories

Mean1 SD H2 Mean1 SD H2 Mean1 SD H2

Age (years old)

< 19 49.94 11.33 9.359 75.33 7.57 2.373 55.83 18.91 4.401

19 49.93 10.44 75.37 8.30 56.42 21.38

20 50.61 10.47 75.78 8.55 53.83 20.29

21 52.11 10.66 75.78 9.32 53.00 21.57

> 21 49.16 12.44 75.72 11.83 52.74 20.65

Gender

Male 50.54 11.40 0.031 75.27 11.13 0.264 53.47 20.93 1.449

Female 50.37 10.79 75.72 8.08 54.92 20.66

Institutional Status

Public 52.13b 10.84 17.465* 76.23 8.32 2.190 59.32b 21.83 33.447*

Private 49.09a 10.88 75.10 9.57 50.81a 19.07

Department

Biology 
E d u c a -
tion

50.85 11.05 0.568 78.01b 8.47 22.212* 55.50 21.34 2.254

Biology 
and Ap-
plied Bi-
ology

50.35 11.46 74.41a 10.21 53.27 20.58

Biomedi-
cal

50.09 10.44 74.55a 8.04 54.74 20.34

Year of Study 
(Year)

First 53.61b 11.31 13.809* 76.62 7.82 7.818 59.84b 19.51 16.204*

Second 51.44ab 9.63 77.81 10.27 58.49ab 23.30

Third 50.96ab 10.53 75.68 11.03 55.43ab 21.69

Fourth 49.62a 11.15 74.79 8.69 52.20a 19.85

Above 
Fourth

48.50a 10.28 76.26 8.31 54.19ab 21.75

1 = The difference in notation (alphabet superscript) after the mean value shows a significant difference at the 
0.05 level.

2 = An asterisk (*) after the H value indicates a significant difference at the 0.05 level.

Moreover, some demographic variables 
related to the educational condition could signi-
ficantly influence one or two researched variab-
les. The institutional status of  Higher Education 
where students were studying could significant-
ly contribute to BK [H (1) = 17.465, p < 0.001] 

as well as DiCT [H (1) = 33.447 p < 0.001], in 
which scores of  public university students were 
always significantly higher than those of  private 
one. This fact was in line with the research of  
Sondakh et al. (2022), informing that institutio-
nal status could influence students' competence 
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(Hendajany, 2016). In addition, public and pri-
vate universities in Indonesia were also reported 
to be different in terms of  quality and regulation 
(Welch, 2007). In fact, such a condition had to be 
seen as impactful on students’ input and output 
qualities. The difference in students’ input would 
naturally affect the average performance of  stu-
dents’ competence in an education institution 
(Newhouse & Beegle, 2005). In addition, most 
public universities in Indonesia usually possess 
more complete infrastructure than private ones, 
which could influence student empowerment 
(Zainuddin & Subri, 2017). 

Moreover, the difference in terms of  study 
program attended also significantly contributed 
to student’s ATS [H (2) = 22.212, p < 0.001], with 
Biology Department students acquiring signifi-
cantly higher average scores than those from the 
two other departments. This significant differen-
ce could be caused by instructional models app-
lied in each department. As reported in previous 
research, instructional models could help optimi-
ze students’ ATS (Sunarti et al., 2018; Ananda 
et al., 2019; Fulmer et al., 2019). Compared to 
the other departments, Biology Education De-
partment had often implemented various innova-
tive models of  instruction. The reason was that 
most of  the lecturers in the department had ac-
quired a sense of  pedagogical and andragogical 
backgrounds more deeply than those in the non-
education departments. More importantly, most 
lecturers in education departments had been 
consistently learning and researching education 
topics, which was implied in the way how they 
designed their classes for lecturing. 

Furthermore, the visualization of  Kendall’s 
Tau test (Kendall, 1948) results is depicted in Fi-
gure 2. Following it, when DiCT was placed as a 
criterion variable, only BK correlated with DiCT 
significantly (rτ = 0,101, p < 0.001). Because only 
BK showed a significant correlation, therefore, it 
was only BK that was positioned as the predic-
tor of  DiCT for rank-based estimation regression 
analysis. 

 

((*) indicates a significant correlation between the 
two variables)
Figure 2. Visualization of  Kendall’s Tau Rank 
Correlation

The resume of  the regression analysis 
is presented in Table 3. Shown in the table, the 
regression equation constituted DiCT = 37.5 
+ 0.313BK. The intercept and BK appeared to 
significantly contribute to the regression model 
generated (p < 0.001). In addition, either corre-
lational or regression analysis indicated that BK 
positively correlated with DiCT. The regression 
equation had informed that a one-point increase 
in a BK score would raise a DiCT score by 0.313 
points.

Table 3. Resume of  Rank-based Estimation Re-
gression Analysis

 
Esti-
mates

Std. Er-
ror

t Sig.

Inter-
cept

37.500 4.365 8.590 <0.001

BK 0.313 0.084 3.721 <0.001

Reduction in Dispersion Test: 9.43296, p-value: 
0.0022

The correlation that occurred between 
knowledge (BK) and disbelief  in conspiracy the-
ories (DiCT) divulged in the research was in line 
with previous research demonstrating the exis-
tence of  a relationship between strong belief  in 
CT and weak knowledge (Đorđević et al., 2021). 
Regarding the high percentage level of  Biology 
students’ belief  in conspiracies about COVID-19, 
such a problem was in great need of  proper solu-
tions. Students were expected to acquire a deep 
understanding and good and positive attitudes 
towards numerous biological phenomena around 
the communities (Sondakh et al., 2022). In addi-
tion, due to a vast number of  myths, pseudoscien-
ce, misinformation, and conspiracies concerning 
natural phenomena and diseases in the Indonesi-
an communities, students were highly supposed 
to be able to become an agent of  change. Instead 
of  supporting, they were highly required to be 
capable of  straightening any misinformation and 
misconceptions. By education background they 
possessed close to science, students were respon-
sible for delivering the correct information about 
any natural phenomena based on scientific truths. 

Referring to correlational and regression 
analyses, the variable BK could be categorized 
as a crucial competence that could help predict 
students’ scientific belief  in conspiracy theories. 
This finding indicated that enhanced basic kno-
wledge could minimize students’ acceptance rate 
of  non-scientific information. For that reason, 
integrating enhanced knowledge and science li-
teracy could become an ideal strategy to prepare 
students for life in this digital era where misin-



203
A. Rofieq & A. Fauzi / JPII 11 (2) (2022) 195-207

formation and pseudoscience typically exist mas-
sively. Knowledge (Đorđević et al., 2021), toget-
her with literacy, was so obvious to significantly 
contribute to enhancing students’ thinking skills 
in analyzing misinformation (Sharon & Baram‐
Tsabari, 2020). Without the adequate acquisition 
of  science, students would get hard to differenti-
ate scientific information from non-scientific one. 

In line with science education enhance-
ment and thinking skills, optimization in desig-
ning science instructions in science departments 
is critical (both in educational and non-educatio-
nal fields of  study). Implementing Problem-based 
Learning (PBL) and Project-based Learning 
(PjBL) in science instructions must be recommen-
ded exclusively for any of  the Biology Depart-
ments. The second reason is that the models are 
ideal for facilitating science instructions (Allchin, 
2013; Rahardjanto et al., 2019). These models 
can facilitate students in solving some contextual 
problems (Yaqinuddin, 2013; Borhan, 2014). Stu-
dents can be assigned to make some analyses over 
numerous problems, which stimulates the enhan-
cement of  their critical thinking skills (Ramdiah 
et al., 2018; Kardoyo et al., 2020). By designing 
instructions in such models, lecturers can provide 
students with more diverse biological problems 
rich in conspiracies in the class and help them 
promote their analysis and evaluation skills.

In addition to improving learning out-
comes through PBL and PjBL, other attempts to 
enhance students’ belief  in science are still neces-
sary. Although the belief  in science is not consi-
dered and measured as a variable in this research, 
the variable might potentially become a predictor. 
One of  several reasons one believes in conspiracy 
theories is their disbelief  in science (Miller, 2020; 
Agley & Xiao, 2021). In response to it, Inquiry-
based Learning (IBL) can be recommended as a 
solution to attain a more massive trend in Biology 
lecturing sessions. Though IBL has been reported 
several times for its significant contribution to 
Biology and science instructions (Şen & Veklri, 
2016), implementation of  IBL in Indonesia is 
still less massive (Effendi-Hasibuan et al., 2019). 
Practically, implementing IBL is effective in hel-
ping students understand the principles of  scienti-
fic performance. By understanding how scientific 
performance works, students will get easier to re-
ceive and believe scientific truths. 

Moreover, despite this research already 
informing critical findings of  possible impacts 
of  information and technology development on 
students’ science competence, the research is still 
imperfection. The ATS instrument used in this 
research consisted of  items about attitudes, all 

of  which were written in positive sentences. It 
is recommended that other types of  instruments 
access scientific attitudes from other indicators 
to be planned and used for upcoming research. 
Furthermore, the research only consists of  two 
variables as predictors of  DiCT. Some other va-
riables have the probability of  being significant 
predictors of  DiCT. Thus, for the following rese-
arch, it is suggested that several variables other 
than the included, such as belief  in CT, science 
literacy, and behavior seeking, be included for 
analysis. Besides, the research only recruited 
Biology students. Therefore, for a more holistic 
evaluation of  science instructions, it is necessary 
to plan to include non-Biology and non-science 
Department students as respondents.

CONCLUSION

This survey research had fruitfully col-
lected data about knowledge, attitudes, and dis-
belief  in non-scientific misinformation. Only the 
attitude domain has a rather satisfactory score. 
The fact that students’ disbelief  in non-scientific 
misinformation was low indicated less optimi-
zed science instructions this far. Meanwhile, age 
and gender did not significantly contribute to 
students’ scores, whilst institutional status and 
year of  the study did, especially to knowledge 
and disbelief  in conspiracy theory. Thus, only 
demographics related to academic conditions 
contribute to knowledge and belief  in misinfor-
mation. Further, the department where students 
took their studies influenced their attitude toward 
science. Regarding Kendall's Tau analysis, it was 
indicated that knowledge significantly correlated 
with students’ disbelief  in non-scientific misinfor-
mation. Therefore, the high level of  acceptance 
of  students and society toward misinformation – 
the main problem highlighted in this study – is 
caused by their low level of  knowledge. A positive 
correlation between knowledge and disbelief  in 
non-scientific misinformation indicated the im-
portance of  students’ understanding of  scientific 
concepts in facing non-scientific misinformation 
invasions. Quality improvement in science educa-
tion should be prepared as optimum as possible to 
help students deal with misinformation and pseu-
doscience. It is because science competence plays 
a critical role in elevating the quality of  a nation. 
Moreover, further research that includes more va-
ried respondents and analyzes demographic fac-
tors and numerous predictors needs to be held as 
a basis for education curriculum reformulation. 
In addition, other research focused on analyzing 
levels of  students’ disbelief  in science upon scien-
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tific truths and their acceptance of  pseudoscien-
ce is also necessary to be designed as the most 
potential continuation of  the current research.
Several previous studies reported that attitudes 
toward science were related to science learning 
outcomes. On the other hand, the findings of  this 
study are significant because they have revealed 
the absence of  a strong correlation between at-
titudes towards science and students' acceptance 
of  information that contradicts science. Thus, at-
titudes may play a more role as an antecedent va-
riable than an independent variable from the level 
of  trust in misinformation. The findings of  this 
study also open up opportunities for other resear-
chers to confirm the position of  attitudes in this 
model. Besides having theoretical implications, 
the findings of  this study also have practical imp-
lications. The findings of  this research contribute 
significantly to the implementation of  science 
education, especially in the current digital era. 
The results of  the study have reported the presen-
ce of  knowledge as a significant predictor. Thus, 
when educators realize the high level of  student 
confidence in misinformation and pseudoscience, 
they can assume that their scientific knowledge is 
less than optimal.
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