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Abstract

Protist education in universities primarily focuses on acquiring knowledge about species
classification within the protist. Protist literacy emerged as a theoretical framework exploring the
interplay between humans and protists within daily existence. This systematic literature review
(SLR) provides a comprehensive understanding of protist literacy and identifies several
dimensions. This SLR utilized PRISMA diagram to execute the inclusion and exclusion methods.
According to SLR results, the concept of protist literacy refers to the ability of university students
to analyze, comprehend, and implement the knowledge of protists to solve everyday problems.
Protist literacy consists of seven dimensions: conceptual knowledge, relation information, fact
evaluation, real solution, argument identification, self-confidence, and scientific value. The results
of the current study imply that protist literacy is a potential variable to be further explored in

protist learning.
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INTRODUCTION

Acquiring scientific literacy enhances college
students” aptitude to interpret data presented in diverse
formats, apply scientific reasoning, and identify

connections between science, technology, society, and
the environment (Xuan et al., 2019). University students
who possess sufficient scientific literacy skills can
generate research inquiries of superior quality, construct
scientifically  testable  hypotheses, and devise
experiments (Virti¢, 2022). The advancement of science
and technology is significantly impacted by students’
scientific literacy, which serves as a foundational
element in the growth of a scientific community
(Cipkova et al., 2018). The development of scientific
literacy can be enhanced through the study of protists
(Mahanal et al., 2020).

Protists represent the predominant portion of the
eukaryotic variety and significantly influence ecological
phenomena on our planet. However, the public
frequently overlooks them (Etten et al., 2022). It is crucial
to provide education on Protista to both college students
and the community. Disseminating knowledge about
Protista can be achieved through exhibitions,
workshops, or social media platforms, ensuring that

both university students and the public are aware of the
significant role that Protista play in human existence
(Buonanno et al., 2020). Protists in science education,
particularly higher education, require specific focus and
consideration. Using protists as model organisms in
class is highly beneficial for explaining fundamental
concepts in biological science, including physiology,
ecology, systematics, and evolution (Berney et al., 2017).

The study of protists in college includes plant-like
protists, animal-like protists and fungus-like protists.
Protist organisms are all eukaryotic organisms other
than animals, plants, and fungi (Archibald et al., 2017).
Protist organisms are studied much less frequently than
other eukaryotic organisms such as animals, fungi, and
plants. In general, protists are microscopic. Protists can
lead solitary existence, feed on eukaryotes or other small
prokaryotes, and form colonies (Burki et al., 2021).
Protists dominate various living organisms and perform
a crucial role in all ecosystems (Adl et al., 2012, 2019).
Protists are the most diverse eukaryotes and play a
significant function in the food chain (Geisen et al., 2018,
2021). Protists comprise most of the eukaryotic
phylogenetic diversity. Protists are an extremely diverse
group of paraphyletic unicellular eukaryotes (Adl et al.,
2012). Metagenetic studies utilizing environmental
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Contribution to the literature

e This paper examines and analyzes scholarly literature about the concept of scientific literacy. The
foundation for the development of Protist literacy was established by examining multiple publications
discussing scientific literacy. Other academics have never studied protist literacy.

e This systematic literature review (SLR) is constrained to original papers, restricting the research scope to

the specific research subject or theme.

e The formulation of the concept and dimensions of protist literacy is a scholarly endeavor aimed at
understanding and promoting the development of literacy skills within the protist learning environment

at the tertiary level.

deoxyribonucleic acid demonstrate the vast diversity of
protist lineages (Pawlowski, 2014).

Students in higher education find it difficult to
comprehend protists (Etten et al., 2022) because protist
organisms are extremely microscopic and challenging to
observe (Kirmizigul & Kizilay, 2020). University
students can only view images lecturers present and
study extremely extensive protists-related content
(Yunanda et al., 2019). Sihombing and Pranoto (2021)
assert that learning about protists necessitates a
knowledge of Latin, whereas the objects examined in the
course cannot be observed without a microscope.
Students at the university are required to memorize
more information than they see explicitly. The issue lies
in the fact that protist education mostly centers around
the taxonomic classification of protist organisms
(Kirmizigul & Kizilay, 2020). Thus, to ensure that protist
instruction does not solely focus on the systematics of
protists, promoting protist literacy in the classroom is
imperative.

Emphasizing the importance and potential of protist
knowledge, the concept of protist literacy is introduced.
Protist literacy is a prerequisite for comprehension of
organismal issues in daily life. Protist literacy is crucial
as it enables college students to comprehend protists and
effectively utilize protist-related concepts to address
everyday situations with protists (Mahanal et al., 2020).
Understanding protist organisms is crucial for human
survival in the future (Merlo et al., 2021). Several protist-
related investigations support the sustainable
development goals (SDGs). Guler et al. (2022) discovered
that astaxanthin extracted from the algal species
Haematococcus pluvialis inhibited the growth of lung
cancer cells. These findings support the third SDG, i.e,,
excellent health and well-being. Algae-based
wastewater remediation research was initiated to
support the sixth SDG, i.e., clean water and sanitation
(Delanka-Pedige et al., 2020).

Protist researchers and learning specialists must
work to establish the notion of protist literacy so that
university students can learn more about protist
organisms. University students must study protist
organisms to meet the demands of the 21st century (Loy
et al., 2021; Putri et al., 2021). University students should
also comprehend the issues between protist organisms
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and humans to devise appropriate solutions (Fu et al.,
2021; Kathiraven et al., 2015; Mahanal et al., 2022; Vanier
et al., 2018).

The formulation of protist literacy is grounded in the
scientific literacy framework. Protist literacy has yet to
be included in science education, but the concept of
scientific literacy has been integrated into science
education (Alneyadi, 2019; Gu et al., 2019; Husamah et
al., 2022; Sharon & Baram-Tsabari, 2020). In addition to
scientific literacy, there are other literacies associated
with the study of protists, namely biological literacy
(Semilarski & Laius, 2021; Semilarski et al.,, 2019),
environmental literacy (Liang et al., 2018; Nurwidodo et
al., 2020), ecological literacy (Hammarsten et al., 2019;
Pitman et al., 2018), and species literacy (Hooykaas et al.,
2019). Hence, a comprehensive examination of the
existing literature about protist literacy has yet to be
conducted in the form of an SLR.

This SLR provides a comprehensive definition and
elucidation of protist literacy, a notion rooted in the
broader framework of scientific literacy. This paper also
explains the various dimensions of protist literacy. This
SLR 1is anticipated to advance biology education
research, particularly in the domain of protists inside
tertiary educational settings. This paper focused on
examining original articles that pertained to the topic of
scientific literacy.

METHODS

Research Framework

The present investigation constitutes an SLR, a
rigorous and methodical approach to finding, selecting,
and evaluating relevant research by the specified
inquiries (Purssell & McCrae, 2020). SLR can potentially
enhance the quality, reliability, and validity of the
material acquired for addressing research questions
(Xiao & Watson, 2019). We employed SLR technique,
utilizing a qualitative synthesis approach, to
methodically explore a range of works about a specific
subject and gather the data from these studies (Seers,
2012).
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Figure 1. PRISMA diagram (Source: Authors” own elaboration)

Research Questions

Research questions play a crucial role in delineating
extent and concentration of a research endeavor. The
research questions are formulated, as follows.

RQ1. What is protist literacy based on various
concepts of scientific literacy?

RQ2. What are the dimensions of protist literacy as
suggested by various concepts of scientific
literacy?

Search Article & Inclusion Criteria

We utilized the keyword “scientific literacy” to
search the articles on the Scopus database. The search
history on the Scopus database includes TITLE
(“Scientific literacy”) AND (LIMIT-TO (SUBJAREA,
“SOCI”)) AND (LIMIT-TO (LANGUAGE, “English”))
AND (LIMIT-TO (DOCTYPE, “ar”)) AND (LIMIT-TO
(PUBYEAR, 2023) OR LIMIT-TO (PUBYEAR, 2022) OR
LIMIT-TO (PUBYEAR, 2021) OR LIMIT-TO (PUBYEAR,
2020) OR LIMIT-TO (PUBYEAR, 2019) OR LIMIT-TO
(PUBYEAR, 2018) OR LIMIT-TO (PUBYEAR, 2017) OR
LIMIT-TO (PUBYEAR, 2016) OR LIMIT-TO (PUBYEAR,
2015) OR LIMIT-TO (PUBYEAR, 2014) OR LIMIT-TO
(PUBYEAR, 2013)) AND (LIMIT-TO (OA, “all”)). We
found 880 articles that contain the keyword “scientific
literacy” using the search criteria. Utilizing PRISMA
model, article inclusion and exclusion decisions were
made. PRISMA model employed refers to research
(Gallagher et al., 2016), using PRISMA model in its SLR.
The following points constitute the basis for article
inclusion in this SLR.

The article has a subject area of non-social science.
The article is written in English.

The article belongs to the original article.

Ll e

The article was published in the last ten years,
from 2013 to 2023.

5. The article is open access.
6. The article contains research on scientific literacy.

Figure 1 illustrates the methodology employed in this
study for the inclusion and exclusion of articles. Out of
the initial pool of 880 Scopus articles identified, a total of
312 articles were excluded due to their relevance to social
sciences. Hence, the corpus encompassed 568 articles, as
this research specifically concentrated on social science
within education. We eliminated 42 articles composed in
languages other than English and thus obtained 526
articles that were written in English. We excluded the
articles due to our limited comprehension of non-
English articles. Then, we found 384 original articles and
excluded 142 book reviews, review articles, editorials, or
conference papers. Our selection criteria prioritized
original publications to emphasize exclusively the
outcomes of completed research.

The articles discussed in this study were published in
the Scopus database between 2013 and 2023. We
included articles from the last 10 years to obtain the most
recent data. Based on this criterion, 157 articles were
eliminated because they were not published between
2013 and 2023. Therefore, 227 articles published between
2013 and 2023 were obtained for the further screening.
After that, 110 paid articles were eliminated, and 117
open-access articles were retained.
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Table 1. Information on scientific literacy definition from articles analyzed in this study

No Information

References

1 Scientific literacy is an individual’s ability to engage in scientific

Dewi et al. (2021) & Xie et al. (2023)
activities like describing scientific phenomena, analyzing &
planning scientific investigations, & processing data & evidence.
Scientific literacy refers to an individual’s capacity to understand, Angraini et al. (2023), Dopico et al. (2021), O’toole et
convey, & use scientific knowledge to solve problems involving al. (2020), Queiruga-Dios et al. (2020), Stylos et al.
natural phenomena or real-world situations. (2023), Tasquier et al. (2022), Valladares (2021),
Vogelzang et al. (2020), Winarni and Purwandari
(2019), Yang et al. (2021), & Zainuri et al. (2022)
Cartwright et al. (2020), Heliawati et al. (2022), Ke et
al. (2021), Motoki et al. (2021), Palines and Cruz
(2021), Sengul (2019), Suwono et al. (2022), & Vieira
and Tenreiro-Vieira (2016)
Chen and Liu (2018), Jufrida et al. (2019), Saija et al.
(2022), & Shaffer et al. (2019)

Scientific literacy is an understanding/knowledge of scientific
concepts & processes that individuals need, especially when making
decisions, contributing to solving everyday life problems.

Scientific literacy is characterized as capacity to apply scientific
knowledge to identify questions, make evidence-based conclusions,
explain & anticipate events, & solve natural problems.
Scientific literacy is ability to read, write, & communicate scientific
topics & socio-scientific issues related to culture & individual
student’s understanding in ordinary life, as well as to comprehend
procedures involved in developing new scientific knowledge &

Al-Rsa’i (2013) & Wahyu et al. (2020)

technology.

6 Scientific literacy is ability to engage in issues related to science &

scientific ideas as a reflective society.

7 Scientific literacy refers to an understanding of science that enables
one to participate in socio-scientific topics & make informed

Ekantini and Wilujeng (2018), Paristiowati et al.
(2019), & Wang et al. (2019)
Al Sultan et al. (2018), Bay et al. (2017), & Georgiou
and Kyza (2023)

decisions about these issues, as well as an appreciation of processes,

values, & ethics related to science.

Non-open access articles were eliminated from the
data sources as we needed to access the article in the full-
paper format. Finally, of the 177 articles screened using
the criteria mentioned above, 33 original articles
pertinent to the topic of this study were examined. To
avoid bias in selecting articles for inclusion or exclusion,
we employed several techniques, including translating
articles into Indonesian, our native language, to facilitate
comprehension and conducting the process of article
inclusion and exclusion collaboratively with the team.

RESULTS

There were 33 Scopus articles analyzed in this SLR.
These articles contain the scientific literacy definitions
that we synthesized to develop the concept of protist
literacy. We compiled diverse definitions of scientific
literacy to use as a foundation for constructing the notion
of protist literacy (Table 1).

The texts in bold are crucial terms wused in
formulating a definition for protist literacy (Figure 2). As
a team, we examined three specific keywords, namely
“understanding of science concepts,” “analysis and
investigation of science issues,” and “application of
science concepts for problem solving,” in order to
provide a clear definition of protist literacy. To clarify,
we derived the idea of protist literacy by extrapolating
from the concept of scientific literacy in prior studies.

Understanding concepts forms the fundamental
foundation of scientific literacy. The following presents
some viewpoints from researchers who incorporate the
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Understanding of
science concepts

Protist Literacy is an
individual's ability to |
. understand, analyzeand
“apply the knowledge of]
Protists in overcoming
issues that exist in human
life

SONSS] 20UAIIG JO
suoe3NsaAu] pue sIsA[euy

Application of science
concepts for problem-solving

Figure 2. Process of defining protist literacy from various
sources on scientific literacy (Source: Authors” own
elaboration)

phrase “conceptual understanding” in their definition of
scientific literacy.

“Scientific literacy is based on an individual’s
ability to understand the scientific processes that
occur in life to analyze information” (Stylos et al.,
2023).

“Scientific literacy refers to an individual’s
capacity to understand, convey, and use scientific
knowledge to solve real-world problems”
(Heliawati et al., 2022).

The results indicate that conceptual understanding is
a fundamental component in the development of
scientific literacy. Consequently, the protist literacy that
we are cultivating necessitates an emphasis on
comprehending the concept of protists, beginning with
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Table 2. Concept of protists

Animal-like protists Plant-like protists

Fungus-like protists Content

-Phylum Sarcomastigophora -Division Chlorophyta
-Phylum Labyrinthomorpha -Division Euglenophyta
-Phylum Apicomplexa -Division Pyrrophyta
-Phylum Microspora -Division Chrysophyta
-Phylum Acetospora -Division Phaeophyta
-Phylum Myxozoa -Division Rhodophyta
-Phylum Ciliophora

-Protist definition
-Characteristics of protists
-Position of protists
-Evolution of protists
-Morphology of protists
-Anatomy of protists
-Physiology of protists
-Reproduction of protists
-Classifications of protists
-Habitat of protists
-Benefits of protists to human

-Division Myxomycota
-Division Oomycota

plant-like protists, fungus-like protists, and animal-like
protists. This study’s understanding of the protist
concept was constrained to the protist materials
presented at Universitas Negeri Malang, Indonesia
(Table 2). Science concept analysis examines scientific
literature that explores various scientific phenomena.
Science concept analysis necessitates reliance on
scientific literature or common usage. Science concept
analysis aims to provide empirical evidence from real-
world phenomena to validate scientific hypotheses.

“Scientific literacy pertains to an individual’s
capacity to participate in scientific endeavors,
including elucidating scientific phenomena and
conducting analytical and strategic scientific
inquiries” (Xie et al., 2023b).

The study of protists involves analyzing complex
ideas essential for understanding various events related

to protists. Scientific literacy emphasizes the
comprehension and implications of scientific
advancements for human survival through the

application of scientific knowledge. Scientifically literate
individuals can analyze the correlation between
scientific principles and personal experiences.

“Scientific literacy is the ability to apply scientific
understanding in real life by involving scientific
knowledge” (Chen & Liu, 2018).

“Scientific literacy is the ability that students must
have to analyze and apply scientific concepts in
solving problems in everyday life” (Jufrida et al.,
2019).

Protist literacy necessitates applying protist-related
knowledge to facilitate the resolution of problematic
protist-related issues that arise in daily life. As a result,
“applying the concept of protists” is incorporated into
the protist literacy definition.

“Scientific literacy is about developing students’
critical thinking so that they can discuss and
consider the ethics, values and risks involved in
science issues in society” (Georgiou & Kyza, 2023).

“Scientific literacy is defined as an individual’s
ability to engage in scientific issues and generate

ideas to overcome problems in society” (Wang et
al., 2019).

We formulated the definition of protist literacy that
pertains to societal concerns on protists, drawing
inspiration from diverse definitions of scientific literacy
that center on problem-solving in the realm of science.
Most sources concur that scientific literacy is the capacity
to comprehend, communicate, and apply scientific
knowledge to solve everyday problems. The essence of
scientific literacy is the application of scientific concepts
to science problems. According to Figure 2, protist
literacy refers to an individual’s ability to understand,
analyze, and apply the knowledge of protists in
overcoming issues that exist in human life. Besides
definition, we also attempted to formulate the
dimensions that form protist literacy from various
dimensions of scientific literacy suggested by past
studies. Figure 3 presents the dimensions of protist
literacy based on SLR result. Seven dimensions of protist
literacy (Figure 3). Concept knowledge, relation

Conceptual
Knowledge
(Motoki et al., 2021;
Vogelzang et al,, 2020;
Wahyu et al,, 2020;
Winarni &
Purwandari, 2019; Y.

Scientific Value Relation

Bay et al,, 2017; Xie etal., 2023; Yang 2
S At etal, 2021) information
Dopico et al., 2021; (Al-Rsa'i, 2013;
Palines & Cruz, 2021; Georgiou & Kyza,

Suwono et al.,, 2022; 2023; Saija et al.,

Zalnuri et al, 2022)

Protist
Literacy
Dimension

Fact Evaluation
(Ekantini & Wilujeng,
2018; Heliawati et al.,
2022; Paristiowati et

al,, 2019; Vieira &
Tenreiro-Vieira, 2016;
Y. Wang et al,, 2019)

Self Confidence

(AlSultan et al,, 2018;
Cartwright et al,, 2020;
Queiruga-Dios et al.,
2020; Stylos et al.,

Real Solution

(O'toole et al., 2020;
Tasquier etal,, 2022;
Valladares, 2021)

Identification
(Angraini et al,, 2023;S.
Y. Chen & Liu, 2018;
Jufridaet al,, 2019; Ke
etal., 2021; Sengul,
2019; Shaffer etal,,
2019)

Figure 3. Dimensions of protist literacy (Source: Authors’
own elaboration)
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Table 3. Protist literacy dimension & its description

Dimension

Description

Conceptual knowledge
Relation information
Fact evaluation

Real solution

Argument identification
Self confidence
Scientific value

Know and understand the concept of protist
Connect information/data to understand protist-related issues
Evaluate scientific facts about protists
Choose the right solution regarding the problem of human interaction with protists
Identify scientific arguments about protists
Confidence in the skills and abilities possessed in understanding protists
Understand every value contained in the phenomenon of protist interaction with humans or the
surrounding environment

information, fact evaluation, real solution, and argument
identification belong to the cognitive domain of
educational objectives in a protist course. In contrast,
self-confidence and scientific value are parts of the
affection domain of protist literacy. We concluded the
definition of protist literacy from the results of reviewing
various scientific articles (Table 3).

DISCUSSION

Protist Literacy

Protist literacy was developed in an effort to develop
literacy principles from diverse branches of science,
particularly biology. Biological literacy (Semilarski &
Laius, 2021), genetic literacy (Maghfiroh et al., 2023),
microbial literacy (Timmis et al., 2020), species literacy
(Hooykaas et al, 2019), and many more types of
scientific literacy have been established by researchers.
As a result, we invented protist literacy because it did
not exist previously, and we used previous research
findings on scientific literacy as a foundation for
constructing protist literacy. We obtained three
keywords from the findings of a thorough literature
review on scientific literacy.

Conceptual Understanding of Protist

Conceptual understanding is the current focus of
attention to develop other cognitive skills in learning.
Understanding concepts allows students to practice their
problem-solving skills in the learning process (Hiebert,
2013). Someone who understands conceptual basics can
generalize concepts to solve problems in the real world
(Crooks & Alibali, 2014). The concept of protist is very
complex because it has wide phylogenetic diversity.
Protists are every aquatic food chain’s primary
producers, predators, food, and parasites (Weisse et al.,
2016).

Protists include animal-like protists (Xie et al., 2023a),
plant-like protists (Schwelm et al., 2018), and fungus-like
protists (Xie & Wang, 2015), which are symbiotic with
plants and animals. The classification of living entities
currently dominates the study of protists (Asiloglu et al.,
2021; Singer et al., 2021). The role of protist organisms in
human existence that is most frequently discussed in
scientific literature relates to the environment (Malard et
al., 2022) and ecosystems (Burki et al., 2021). More
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emphasis is placed on protist morphology, anatomy, and
reproduction (Singer et al., 2021). Therefore, the
foundation of protist literacy includes understanding the
concept of protist and associating it with life in general.

Analysis & Investigations of Protist-Related Issues in
Human Life

Protist literacy promotes comprehension of the
variety of living organisms and issues pertaining to
related organisms. For instance, understanding the
relationship between protists and their environment
requires extensive knowledge of protists (Edgcomb,
2016; Massana et al., 2015; Singer et al., 2018). Analyzing
and investigating the concept of protist literacy makes it
simpler for students to communicate about various
environmental issues caused by protist organisms.

Knowledge of protist organisms is associated with
human positive attitudes towards protists (Bono-Lunn et
al., 2016). Protist literacy enables students to value
protists as more beneficial creatures. Protist literacy has
the potential to make college students aware of their
circumstances and aware of the benefits of protist
organisms for humans. As an illustration, the use of
brown algae as a food additive (Kadam et al., 2015).
Protist literacy also facilitates university students’
comprehension of protists as an integral component of
daily life. Future sustainable development, such as
producing biofuels from algae, will benefit from
comprehending protist-related issues (Adeniyi et al.,
2018; Milledge & Heaven, 2013).

Application of Concept of Protist in Solving Everyday
Problems

We introduce protist literacy by highlighting the
significance and potential of protist knowledge. Protist
literacy requires not only knowledge of protist
organisms, but also the relationship between protist
organisms and human life. Positive (Wells et al., 2017) or
negative (Pereda-Briones et al., 2019) interactions
between humans and protist organisms are essential. In-
depth knowledge of protists includes information about
their function on the planet, such as being the primary
producers of marine ecosystems. These autotrophic
protists are called phytoplankton (Henson et al., 2021;
Salmaso et al., 2015; Toseland et al., 2013).
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Protists are very relatable to human existence because
they are commonly found in human environments (Jex
et al., 2013; Olive et al., 2020). The study of protists has
the potential to arouse widespread curiosity and can
provide examples of a variety of environmental
biological problems. Many people are interested in
protists because of their potential for conservation and
public education about environmental threats such as
blooming algae (Chen et al., 2015; Qi et al., 2017; Wang
et al, 2017), red tide (Jeong et al., 2015, Zohdi &
Abbaspour, 2019). Protists are also fascinating to study
because of their relationship to human health, such as
giardiasis caused by a protist organism called Giardia
duodenalis (Cai et al., 2021). Therefore, by understanding
protists, university students can comprehend the
significance of protist organisms in their daily existence.

Protist Literacy Dimensions

A variety of scientific literacy concepts have been
used to define protist literacy. In this paper, seven
aspects of protist literacy are identified. The dimensions
of protist literacy are as described below.

Conceptual knowledge

The notion of protist literacy has been derived from
the framework of scientific literacy. It is anticipated that
university students possessing a comprehensive
understanding of protists will demonstrate proficiency
in comprehending the intricacies of protist organisms.
Concept knowledge refers to acquiring and
comprehending information pertaining to protists
within the context of higher education. Students must
fully understand protists (Rossi et al., 2019; Weisse et al.,
2016). Students need to comprehend and identify the
diversity and classification of protists (Pawlowski, 2014).
The concept of protist is crucial not only for protist
education in universities, but for all humans in daily life.
Concept knowledge refers to cognitive processes such as
recollection, analysis, and comprehension (Ari, 2021).
Concept knowledge entails integrating disparate pieces
of information. Knowledge quality refers to how
something is known and how well it can be understood
(Chen et al., 2021; Fortsch et al., 2018). Concept
knowledge involves principles and definitions.

Relation information

Relation information is the capacity to connect
information/data to comprehend the issues posed by
protist organisms to human life. Numerous problems are
associated with protist organisms in human existence.
For example, protist colonization causes variations in the
microbiota of the human intestine (Partida-Rodriguez et
al.,, 2017). Several studies have demonstrated that fungi,
protists, and other microbiota in the human intestine
have complex interrelationships. Linking diverse
valuable information for solving or dealing with

complex problems is important (Lanning & Mallek,
2017). Cultivating students” ability to effectively connect
and synthesize crucial information is vital in addressing
and mitigating the challenges they encounter in the
learning process. The relational technique employed in
this dimension commences by elucidating a
phenomenon  encountered. Connecting  novel
information with preexisting knowledge can foster
problem-solving skills among university students
(Magnuson, 2013).

Fact evaluation

Fact evaluation refers to critically assessing scientific
information about protists. Scientific facts about protists
might include the fact that protists provide significant
potential for assessing the effects of pollution and
human activities on the ecological integrity of biological
systems (Anderson & Harvey, 2020; Cruaud et al., 2019).
Evaluating issues about protist organisms within a
community is important in pursuing truth. Scientific
facts are empirical observations that have undergone
rigorous validation through repeated confirmation
(Dean et al., 2017). Repeated confirmation involves
employing direct observation or drawing inferences,
which serve as a basis for establishing factual
information (Wolf-Chase, 2018). Scientific truth is
inherently dynamic and subject to revision. It is possible
for something that is currently acceptable to undergo
modifications or even be subsequently rejected. The
significance of assessing information about protists lies
in acquiring scientific veracity derived from several
sources of knowledge.

Real solution

The selection of an appropriate answer pertaining to
the issue of human interaction with organisms holds
significant importance in establishing a dimension of
protist literacy. The ongoing issue under investigation
pertains to the emergence of industrially manufactured
nanoparticles and their potential to induce
environmental toxicity (Vilas-Boas et al.,, 2020). The
study of ciliated protists has received significant
attention from ecotoxicologists due to their crucial
function in regulating microbial populations and
mitigating the effects of environmental toxicity
(Gomiero et al., 2013). Extensive efforts have been made
to identify and implement strategies to address
environmental challenges associated with protist
species. Utilizing the problem-solving process facilitates
the development of independent learning skills among
university students (Dent & Koenka, 2016). To
effectively address a problem, university students must
acquire relevant knowledge and collaborate with peers
(Fairley et al., 2021).
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Argument identification

College students’ protist literacy can be assessed
based on their ability to provide scientific arguments
about protists. Students in higher education need more
practice identifying valid arguments. Scientific
argumentation skills assist students in reasoning (Zhu et
al., 2017). In the classroom, argumentation can be used
to explain a scientific process (Heng et al., 2015; Li et al.,
2022). The inclusion of socio-scientific issues in the
learning process can facilitate the development of
students’” argumentation skills (Ladachart & Ladachart,
2021). A scientific argument about protists could go
something like “algae are eukaryotic organisms,
unicellular or multicellular, but lack specialized organs
and tissues, and lack wvascularization”. Scientific
argumentation consists essentially of making claims
supported by  scientific = evidence.  Scientific
argumentation aims to establish a connection between
ideas and scientific evidence (Jones, 2014). To participate
in scientific argumentation during the learning process,
university students must have the ability to comprehend
and apply theories, principles, laws, or models.

Self-confidence

Including affective domains such as self-confidence
as a protist literacy dimension is essential. When
university students have high confidence while
studying, their academic performance improves (lzgi-
Onbasili et al., 2022). Students have ample time to learn
about protist organisms to present in the protist class.
Lessons on protist contain a great deal of abstract
material; therefore, it is necessary to train university
students to comprehend and communicate the concept
of protist confidently (Raharjo et al., 2018). Students” self-
confidence can be boosted by listening to and
responding to the ideas of their peers. Students’ self-
confidence in expressing their opinions in the classroom
can increase their motivation to engage in active learning

(Abaci & Okyay, 2013).

Scientific value

The importance of emphasizing scientific values
remains crucial in protist literacy. Scientific values refer
to inherent values in a scientific concept (Sickler et al.,
2014). University students employ critical thinking and
rationality to comprehend phenomena, refraining from
subscribing to prevalent societal beliefs. All issues
necessitate careful consideration and resolution through
a logical and analytical cognitive process. An often
encountered scenario with protist organisms pertains to
a visually striking marine occurrence known as
bioluminescence (Menghini & Aubry, 2021; Perin et al,,
2022). Bioluminescence refers to the emission of light by
marine algae through chemical reactions (Brodl et al.,
2018). The values associated with science encompass
various dimensions of its positive impact on human
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existence. Commonly observed in studies on protists are
instances, where Chlorella sp. is employed as a dietary
adjunct, purportedly enhancing stamina (Kotrbacek et
al., 2015).

CONCLUSIONS

Literacy researchers have not carried out SLRs
related to protist literacy. The concept of protist literacy
was created from a scientific literacy framework that
previous researchers have extensively researched. The
definition of protist literacy was developed from three
key words, namely “understanding the concept of
protist”, “analysis and investigation of protist-related
issues”, and “application of the concept of protist in
human life”. Protist literacy is very specific, because it
only relates to protist organisms. The goal of protist
literacy is for university students to have in-depth
knowledge of protists and to apply knowledge of these
concepts in everyday life.

The study of protists inside higher education
institutions should aim to promote a comprehensive
understanding of protist organisms. Hence, students can
actively engage in solving community issues related to
protists. The development of the protist literacy
dimensions is crucial for students. These dimensions
include

(1) concept knowledge,

2) relation information,

3) fact evaluation,

4) real solution,

5) argument identification,
6) self-confidence, and

7) scientific value.

(
(
(
(
(
(

Limitations

The researchers acknowledge certain limitations
inherent in this study. The present study only focused on
elucidating protist literacy’s definition and its various
associated dimensions. The investigation of protist
literacy is an intriguing avenue for further scholarly
exploration. Another limitation of this study is that the
literature search was restricted to the Scopus database
and a small number of papers, 33 in total. Besides, the
current study only employed “scientific literacy” in the
database search. As a result, in the future, researchers
can use additional phrases or combine several literacy
concepts, such as “science literacy” or “biology literacy,”
to make search results more thorough and intriguing.
This SLR incorporated articles from the last ten years,
allowing for previously unavailable information. Future
scholars must consider this to acquire additional
knowledge. Since we only understand English as a
second language, the articles we studied were
exclusively in English. Meanwhile, valuable information
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may be found in publications in languages other than
English.
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