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ABSTRACT: The study aimed to analyze scientific literacy assessment instruments. In this sense, a
systematic literature review was carried out in the B-On, SciELO, Scholar Google, and RCAAP databases
to identify studies using scientific literacy assessment instruments. The selection criteria included articles
published between 1990 and 2020 in Portuguese, English, or Spanish, which developed and/or used
scientific literacy assessment instruments. Articles that did not address scientific literacy in the title or
abstract did not cite instruments and results of assessing students' scientific literacy, reviews, case studies,
and articles that assessed specific subjects or subjects were excluded. Thirteen scientific literacy
assessment instruments were identified. Most of the studies were conducted in Brazil, Indonesia, and the
United States, predominating with Secondary School students. Higher Education students were the ones
with the most positive results. The most evaluated dimensions of scientific literacy were related to
different scientific literacy skills. The respondents’ classifications were obtained through the descriptive
frequencies of responses to the items, with no standardization in the categorization processes of the
results. Our findings led us to conclude that caution is required when comparing the results of the studies,
since many instruments were applied at educational levels and in contexts different from those for which
they were developed.
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INSTRUMENTOS DE AVALIACAO DA LITERACIA CIENTIFICA: UMA REVISAO SISTEMATICA DE
LITERATURA

RESUMO: O estudo teve por objetivo analisar instrumentos de avaliagao da literacia cientifica, nesse
sentido, foi realizada uma revisdo sistematica de literatura (SLR) nas bases de dados B-On, SciELO,
Google Académico e RCAAP com vista a identificar estudos que utilizaram instrumentos de avaliagao
da literacia cientifica. Os critérios de sele¢ao incluiram artigos publicados entre 1990 e 2020, em
portugués, inglés ou espanhol, que desenvolveram e/ou utilizaram instrumentos de avalia¢do da literacia
cientifica. Foram excluidos os artigos que nao abordaram a literacia cientifica no titulo ou no resumo,
nio citaram instrumentos e resultados da avaliacao da literacia cientifica de alunos, revisoes, estudos de
casos e artigos que avaliaram disciplinas ou assuntos especificos. Foram identificados 13 instrumentos de
avaliacdo da literacia cientifica. A maioria dos estudos foi realizada no Brasil, Indonésia e Estados Unidos,
predominando as pesquisas com alunos do Ensino Secundario. Os alunos do Ensino Superior foram os
que apresentaram resultados mais positivos. As dimensées de literacia cientifica mais avaliadas
relacionaram-se com as diferentes habilidades de literacia cientifica. A classificagao dos inquiridos foi
obtida através das frequéncias descritivas de resposta aos itens, nao havendo uma padronizacio nos
processos de categorizagao dos resultados. Concluimos ser necessaria alguma precau¢ao na comparagao
dos resultados dos estudos, uma vez que muitos instrumentos foram aplicados em niveis de ensino e em
contextos diferentes daqueles para os quais foram desenvolvidos.

Palavras-chave: literacia cientifica, avaliacdo, instrumentos, revisao sistematica de literatura.

INSTRUMENTOS DE EVALUACION DE LA ALFABETIZACION CIENTIFICA: UNA REVISION
SISTEMATICA DE LA LITERATURA

RESUMEN: El estudio tuvo como objetivo analizar los instrumentos de evaluacion de la alfabetizacion
cientifica, en este sentido, se realizé una revision sistematica de la literatura (SLR) en las bases de datos
B-On, SciELO, Google Académico y RCAAP con el fin de identificar estudios que utilizaron
instrumentos de evaluacién de la alfabetizacion cientifica. Los criterios de seleccion incluyeron articulos
publicados entre 1990 y 2020, en portugués, inglés o espafiol, que desarrollaron y/o utilizaron
instrumentos de evaluacion de la alfabetizacion cientifica. Se excluyeron los articulos que no abordaban
la alfabetizacién cientifica en el titulo o resumen, no citaban instrumentos y resultados de la evaluacion
de la alfabetizacion cientifica de los estudiantes, revisiones, estudios de caso y articulos que evaluaban
materias o materias especificas. Se identificaron 13 instrumentos de evaluacion de la alfabetizacion
cientifica. La mayoria de los estudios se realizaron en Brasil, Indonesia y Estados Unidos,
predominantemente investigaciones con estudiantes de secundaria. Los estudiantes de Educacion
Superior fueron los que obtuvieron los resultados mas positivos. Las dimensiones mas evaluadas de la
alfabetizacién cientifica se relacionaron con diferentes habilidades de alfabetizacién cientifica. La
clasificacion de los encuestados se obtuvo a través de las frecuencias descriptivas de las respuestas a los
items, sin estandarizacion en los procesos de categorizacion de los resultados. Concluimos que se requiere
cierta cautela al comparar los resultados de los estudios, ya que muchos instrumentos se aplicaron a
niveles educativos y en contextos diferentes a aquellos para los que fueron desarrollados.

Palabras clave: alfabetizacién cientifica, evaluacion, instrumentos, revision sistematica de la literatura.
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INTRODUCTION

Scientific literacy has been the subject of numerous research studies that aim to define its
concept and assess the scientific literacy level of individuals from different sectors of society. Although
extensively studied, it continues to be the subject of challenging questions and gaps to be filled. The term
scientific literacy emerged in the 1950s, right after World War II and at the genesis of the space race.
Manifesting itself as a vague and imprecise term, scientific literacy has received greater attention since
the 1980s, during which time various studies have been produced to conceptualize it (DeBoer, 2000;
Miller, 1983; Shamos, 1995).

According to Laugksch and Spargo (1996a), the study of Miller (1983) was the precursor to
most of this research. In this article, the author presented three dimensions of scientific literacy: nature
of science, science content knowledge, and the impact of science and technology on society. Miller (1983)
also disseminated strategies for assessing these three dimensions. Since then, numerous studies have been
conducted to develop instruments for assessing scientific literacy. Laugksch and Spargo (1996b) present
the most recognized instruments up to the date of publication of their article, namely: the Test on
Understanding Science (TOUS), the Nature of Scientific Knowledge Scale (NSKS), the Nature of
Science Scale (NOSS) and the Views of Science-Technology-Society (VOSTS). However, Laugksch and
Spargo (1996b), Gormally, Brickman, and Lutz (2012), and Fives, Huebner, Birnbaum, and Nicolich
(2014) argue that these instruments assess only individual, narrow aspects of scientific literacy and that
none can assess all of its dimensions.

Within this perspective, this exploratory study aimed to extensively conduct a systematic
literature review (SLR) on the instruments used to assess scientific literacy since the 1990s. It is intended
to analyze the following characteristics of the instruments: purpose, target audience, format and quantity
of items, and the process of categorizing the results. The study also aims to analyze the results of the
scientific productions regarding the methodological and contextual characteristics, the forms of
presentation and analysis of the results, and the main results concerning the dimensions of scientific
literacy assessed, the students' performance and the existence or not of significant differences among the
respondents.

METHODOLOGY

Research Strategy

According to Galvao and Pereira (2014), a systematic literature review (SLR) is characterized
as "a type of research focused on a well-defined question, which aims to identify, select, evaluate and
synthesize the relevant available evidence" (p. 183). In this sense, SLR is a research strategy that elaborates
a research question and uses systematic methods to identify and select articles, synthesize and extract the
data, and write up and publish the results, allowing the researcher to produce new knowledge (Briner &
Denyer, 2012; Galvao & Pereira, 2014).

This SLR was conducted in the period from September 2020 to February 2021 in two
subsequent stages. The first corresponded to the planning phase of the SLR protocol (Box 1), in which
the following were defined: the objective of the SLR; the formulation of the research question; the
databases to be consulted; the keywords for the search; and the inclusion and exclusion criteria for the
literature review.
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Box 1. SLR protocol.

Review objectives Analyze the instruments for assessing scientific literacy.
Research question What instruments are used to assess scientific literacy?
Database B-On; SciELO; Google Scholar; RCAAP.

Scientific literacy; Scientific literacy; Scientific literacy; Assessment;
Test; Evaluation; Questionnaire; Level; Instrument.

Studies published between 1990 and 2020 in Portuguese, English, or
Spanish; Studies that have developed and used scientific literacy
assessment instruments, in general, or that have enabled this type of
analysis.

Studies that did not address scientific literacy in the title or abstract;
Studies that did not cite instruments and results of scientific literacy
Exclusion criteria assessment; Studies that did not assess students' scientific literacy;
Review studies; Case studies; Studies that assessed specific school
subject content.

Keywords

Inclusion criteria

Source: own authot.

The second step consisted of a literature review based on the established protocol. The
scientific productions were identified by combining the keywords in the searches in the defined databases.
Those that fit the stipulated selection criteria were selected by reading the titles and abstracts. In cases
where reading the abstract was not enough to determine its inclusion or exclusion, the study was read in
its entirety.

Data Analysis

The publications were analyzed by reading in full the studies that met the stipulated selection
criteria. The analysis protocol was structured utilizing a database in Microsoft Excel software, using a
specific form. It included the details of the identification data of the study and authors, the objective,
sample size, methodology, results, discussion, and conclusion. Subsequently, a descriptive analysis of the
frequency distribution of the following variables was performed: type of instrument to assess scientific
literacy, study design, place of origin of the studies, the context of the studies, and how the results on
scientific literacy were presented. The main characteristics of the selected studies and the most frequent
instruments for assessing scientific literacy were organized in tables.

RESULTS AND DISCUSSION

We identified 189 scientific productions published in Portuguese, English, and Spanish. Of
these, 146 were excluded for not meeting the inclusion criteria, limiting to 43 the number of productions
selected for analysis (Table 1).

Table 1. The number of scientific productions selected for the SLR.

Productions English Portuguese Spanish Total
Identified 139 49 1 189
Excluded 114 32 0 146
Selected 25 17 1 43

Soutce: own author.
Of the selected studies, the oldest publication is from 1996, and the most recent is from

2020. Although all of them address aspects related to the theme of scientific literacy assessment, only a
few scientific productions refer to the development and validation of new instruments.
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Box 2. Summary of studies selected for analysis of scientific literacy assessment instruments (n = 43).

Authort(s),

year Country Sample Instruments Main results
138 students
participated  in
Laugksch and South the Science 65% of students are scientifically
Spargo . . TBSL .
(19962) Africa Olympiad; literate
2 74  students in
higher education.
4223 students in
Laugksch and South the 1st year of TBSL 36% of students are scientifically
Spargo (1999)  Africa technical and literate
higher education.
Nascimento- 754 12th-grade o o
Schulze Brazil students and 63 TACB 3662:51’1/2 r:;:?f:f?;;;ﬁd ligt;;rfteOf
(20006) teachers y
Nascimento- There is an association between
Schulze, . satisfactory performances on the
Camargo and Brazil 4: 1d iltgh school TACB-R TACB-R and high interest in
Wachelke SHucents. science subjects and good grades
(2000) and school attendance.
Brossard “and United 120 . higher - Scientific The average score of the students
Shanahan States education Vocabulary 25 53,49
(2006) students. Instrument o0 00t
Wenning United 61 high school Sclnal T The average score of the students
(2007) States students. “nq was 67.6%.
Ozdem, 330  G6th-grade
Cavas, Cavas students;
. ; 321 7th-grade TBSL- The students showed a moderate
CGakiroglu, and  Turkey T
students; adapted level of scientific literacy.
Ertepinar
295  8th-grade
(2010).
students.
335  7th-grade
Rundgren, students;
. The average score of 7th grade,
Rundgren, 352 students in
) : . 10th grade, and college students
Tseng, Lin Taiwan the 10th grade; SLiM o o 0
. was 53.5%, 74.7%, and 066%,
and  Chang 267 higher cespectivel
(2010) education pectively:
students.
Camareo 45 first-year and
Pilar lgh’t,)eiro 13 final-year 73% of 1st year students, 79% of
; » Brazil students; TACB final year students, and 100% of
Fantinel and o . .
8 university teachers are scientifically literate.
Ramos (2011)
professors.
Oliveira and
Silva- Brazil 200 9"-grade TACB- 66.5% of the students are
Forsberg A students. adapted scientifically literate.
(2012)
Soobard and 62 students in the Instrument 54% of the students are at the
Rannikmie Estonia 10th and 11th oo functional level of scientific
with no name .
(2011) grades. literacy.
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Students in project-based courses
demonstrated greater gains than
traditional, seminar-based courses
in three science literacy skills: skills

Gormally et United 296 students i qp g 1, 4, and 6. Students in traditional
al. (2012) States higher education.
courses demonstrated  greater
gains than the other group in only
two science literacy skills: skills 2
and 9.
Lima and . 55 12th-grade 40% of the students are
Garcia (2013) Brazil students. TACB scientifically literate.
Most students in all three
Australia, countries showed a trend toward
Mun et al. China and 655 8th and 9th GSLQ higher scores on the "science as a
(2013) South graders. human activity" dimension and
Korea higher scores for "metacognition
and self-management.”
United 258 of Higher The average score of the students
Waldo (2014) States Education. TOSLS was 56.2%.
Fives et al. United 264 7th and 8th o
(2014) States graders, SLA The average score was 58%.
Lima and . 12 students in 91% of the students are
Garcia (2015) Brazil higher education. TACB scientifically literate.
Mun et al. South ?rzoori 7ths:3dle ;tt; GSLQ The average score of the students
(2015) Korea was 3.40.
grade.
25 students in 9.3% of the individuals (all
Gomes and higher education ceacher esuin Master!
Almeida Brazil and 20 professors TOSLS cacuers - putsuifig - 4 astet 8
2016) pursuin . degree) have appropriately
( 8 developed scientific literacy skills.
master's degree.
Rachmatulla, 223 students C e
Dian od from  the 3rd The average scientific literacy level
ana A Indonesia © ¢ . SLA of the students is 45.21, classified
Rustaman cycle of basic in the "low" catecor
(2016). education. 5oL
. 25 first-year
Rivas, Mog © . students and 21 78.4% of the students are
and Junqueira Brazil TACB — .
final-year scientifically literate.
(2017)
students.
249 students in
. the. 3rd cycle. of The average score of the 3rd cycle
McKeown United basic  education .
SLA-adapted  and high school students was 53%
(2017) States and 142 students .
. and 68%, respectively.
in secondary
education.
th
Gresczysczy, :tS dentslzaéimf; The results for both groups
Monteiro and Brazil - TACB indicate the existence of scientific
. high school .
Filho (2018). literacy.
students.
Vizzotto and 0
Mackedany Brazil 141 | egresses ., ~p o 36..17'/0 of . the students are
(2018) from high school. scientifically literate.
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Most students have not yet
Koedsri  and Scientific mastered the three attributes of
. 270 9th-grade . scientific  literacy  (identifying
Ngudgratoke  Thailand Literacy o . T
students. scientific questions, explaining
(2018). Assesssment o
phenomena  scientifically, and
using scientific evidence).
Coppi  and . 189  9th-grade 15.3% of the students are
Sousa (2019b) Brazil students. TACB scientifically literate.

. g o ST
Coppt and Brazil 123 12th-grade TACB 44.7 /o of students are scientifically
Sousa (2019a) students. literate.

Vizzotto . 512 high school 33% of the students are
(2019) Brazil graduates. TACB-S scientifically literate.
Scientific literacy skills H1, H3, H5
. 78 high school are being well developed and skills
Souza (2019)  Brazl students. TOSLS H2, H4, H6, H7, HS, HY need
further work.
Utami  and 20 Tthoorade The average value of the students'
Hariastuti Indonesia rudent & TOSLS scientific ~ literacy  skills  was
(2019). students. 45.80%, in the "average" category.
Shaffer, . . The average score in category 1
Ferguson, and gtziteesd }71i27heit§c(lie:;tsio;1n TOSLS and 2 was 065% and 64%,
Denaro (2019) & " ' respectively
Innatesari,
Sajidan  and . 205 high school SclnqLiT- Students' scientific literacy s
. Indonesia .
Sukarmin students. adapted relatively low.
(2019).
46% of the students answered the
SToSLiC-A correctly. The
Jufri, Hakim §tudents !evel of scientific literacy
. . 222 8th-grade . is categorized as low. The average
and Ramdani Indonesia SToSLiC .
2019 students. score on the SToSLiC-B ranged
(2019). from 3.79 to 4.17. The students'
character (cognitive character) is in
the "good" category.
Pramuda, There are no significant
Mundilarto, Indonesia 64 high school GSLQ dlfferences. in students' overall
Kuswanto and students. science literacy between the
Hadiati (2019) control and experimental groups.
Vizzotto and 194 higher 0
Del Pino Brazil education TACB-S 59i.3n/toiﬁ Oﬂf li;chret students  are
(20204) students. sclentttically Aterate.
Vizzotto,
Rosa, Duarte The students' average was below
and Brazil 155d8tht‘ 3nit9th‘ TACB-S the minimum required to be
Mackedanz grade students considered scientifically literate.
(2020)
Vizzotto and 90 students in 67.8% of the students are
Del  Pino Brazil hioher eduenion,  TACB-S el Lot
(2020b) gher education. scientifically literate.
Santiago, . TOSLS- Students show difficulties in using
. 32 students in adapted and . .
Nunes  and Brazil . . the skills required by the
higher education. nameless .
Alves (2020) . instrument, yet they demonstrate a
instrument
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critical view of the CTSA

relationship.
Cartwright, . '
Liddle 144 hicher There was no change in students
i . & TOSLS- scores between the beginning
Arceneaux, Canada education o
Newton  and students. adapted (76.4%) and end of the semester
Monk (2020) (70.6%) (p > 0.05).
Cipkové
v The average score of the students
Isi;zggllzci)lifé and Slovakia fill dentlSZth—grade TOSLS was 51.92%, ranked at the average
(2020) level.
. Students do not have the scientific
Kola, . .. 133 sFudents " TOSLS- literacy skills needed to play their
Opeyemi and Nigeria Technical . . ;
Olu (2020) Education adapted role effectively in society after
' graduation.
Jannah, 630 hich school Scientific The students' science literacy skill
Suwono and Indonesia ud ntg Literacy Test level is 43.67%, categorized as
Tenzer (2020) students. CHACY ST o,
Scien The average score of the students
Att ¢l 259 hish school L(i:ter cc was 57.29%. Students' scientific
(2030) <% Indonesia o dent% SEhoo As:e:scr}lfqent literacy skills were categorized
u ' Instrument between levels -1 < 0 < 0 and -2

<0 = -1, being classified as "low."

Note. TBSL: Test of Basic Scientific Literacy; TACB: Test of Basic Scientific Literacy; TACB-S:
Simplified Test of Basic Scientific Literacy; TACB-R: Reduced Test of Basic Scientific Literacy; SclngLiT:
Scientific Inquiry Literacy Test; SLiM: Scientific Literacy Measurement; TOSLS: Test of Scientific
Literacy Skills; SLLA: Scientific Literacy Assessment; GSLQ: Global Scientific Literacy Questionaire;
SclngLiT: Scientific Inquiry Literacy Test; SToSLiC: Test of Scientific Literacy Integrated Character.

Source: own author.
Scientific literacy assessment tools

In the 43 studies analyzed, 13 scientific literacy assessment instruments were identified: the
TBSL, the TOSLS, the SLA, the ScInqLiT and their respective adapted versions, the Scientific Literacy
Test, the SLiM, the Media Scientific Literacy Instrument, the Scientific Literacy Assessment Instrument,
the Scientific Literacy Assessment, the SToLiC, the GSLQ), and the instruments of Santiago et al. (2020)
and Soobard and Rannikmie (2011), which do not present nomenclature.

The TBSL and its versions were used in 18 studies (41.9%), conducted in South Africa,
Brazil, and Turkey. TOSLS and its versions were applied in the United States, Brazil, Indonesia, Canada,
Slovakia, and Nigeria, as indicated in ten articles (23.2%). The SLA and its versions were adopted in three
studies (7.1%) in the United States and Indonesia. The GSLQ was also referred to in three articles (7.1%),
and was applied in Australia, China, South Korea, and Indonesia. The ScInqLiT was used in the United
States and Indonesia, as described in two articles (4.6%). The other seven instruments are mentioned in
one article each (2.3%) in Indonesia, the United States, Thailand, Taiwan, Brazil, and Estonia.

There is a predominance of studies conducted in Brazil, Indonesia, and the United States.
Of the 43 surveys, 18 (41.9%) were conducted in Brazil, with a predominance of the application of the
TACB and TACB-S; seven (16.3%) in Indonesia, among which used different instruments to assess
scientific literacy; and seven (16.3%) in the United States, in which the TOSLS and the SLA stood out.

We also observed that the TBSL, the TOSLS, the SLA, the GSLQ), and the ScInqLiT and
their respective versions were the most commonly adopted scientific literacy assessment instruments.
Among these, the version of the TSBL translated into Portuguese-TACB-and the TOSLS were the most
frequently used instruments: eight and seven studies, respectively. The main characteristics of the five
scientific literacy assessment instruments most adopted by the selected studies are presented in Box 3.
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Box 3. Summary of the main characteristics of the 5 most frequently used scientific literacy assessment

instruments.
Instrument Features Versions/Languages/
Author

TBSL Objective: to assess scientific literacy in three dimensions: the TBSL: original
nature of science, the content of science, and the impact of English version.
science and technology on society. TBSL: shortened
Theoretical framework: AAAS (1989). version, in Turkish.
Target audience: students in their last year of high school. TACB: Portuguese
Evaluation method: questionnaire. version.

Assessment Items: 110 items in "true-false-don’t know" TACB-S: Simplified
format, divided into three subtests: nature of science (22 items), version, in
the science content knowledge (72 items), and impact of science Portuguese.

and technology on society (16 items). TACB-R:  reduced
Application time: 50 minutes. version, in
Categorization of results: to be considered scientifically Portuguese.

literate, an individual must score at least 13, 45, and 10 items on

the subtests of nature of science, the science content knowledge,

and the impact of science and technology on society,

respectively.

TOSLS Aim: to assess students' proficiency in the use of 9 scientific TOSLS: original
literacy skills, distributed into two categories: Category 1-skills English version.
related to recognizing and analyzing the use of research methods TOSLS: Portuguese
that lead to scientific knowledge (Skill 1: identify a valid version.
scientific argument; Skill 2: evaluate the validity of sources; Skill TOSLS: Bahasa
3: evaluate the uses and misuses of scientific information; Skill vetsion.

4: understand the elements of a research project and how they TOSLS: Slovak
impact scientific findings/conclusions); and Category 2-skills version.
related to the organization, analysis, and quantitative TOSLS: Naija
interpretation of scientific data and information (Skill 5: create version.
an appropriate graph from data; Skill 6: read and interpret
graphical representations of data; Skill 7: solve problems using
quantitative skills, including basic statistical analysis; Skill 8:
understand and interpret basic statistics; Skill 9: justify
inferences, predictions, and conclusions based on quantitative
data).
Theoretical framework: National Research Council, Project
2061, findings from a Biology teacher survey, evaluations by
expert Biology educators, student interviews, and statistical
analyses.
Target audience: undergraduate students of the Biology
course.
Evaluation method: questionnaire, pre-test and post-test.
Evaluation Items: 28 multiple-choice items, with 4 answer
options.
Application time: 45 minutes.
Categorization of results: does not inform. Assess scientific
literacy skills based on the number and percentage of correct
answers per item, category, and skill.
SLA Purpose: To assess scientific literacy through two components:  SLA: original English

the SLLA-D, which proves scientific literacy through a series of

version.
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multiple-choice items that use everyday situations and examples
rather than field/discipline-specific scientific knowledge, to test
scientific literacy by assessing understanding of the role of
science, scientific thinking, doing science, science in society,
science media literacy, and mathematics; and the SLA-MB,
divided into three subscales (importance of science, 6 items;
self-efficacy for science literacy, 8 items; and personal
epistemology of science, 11 items) that assess motivation and
beliefs, based on existing measures of self-efficacy, subjective
task, value, and personal epistemology for science, associated
with science literacy.

Theoretical framework: Showalter (1974); Shen (1975); Arons
(1983); Miller (1983); AAAS (1993); Hazen and Trefil (1991);
NSTA (1991); NRC (1996); DeBoer (2000); Duit and Treagust
(2003); OECD (2007); Holbrook and Rannikmae (2009);
NAGB (2010).

Target audience: 2nd- and 3rd-grade students (aged 11 to 14).
Evaluation method: two questionnaires.

Evaluation Items: The SLA-D has two versions, composed of
26 multiple-choice items, with 4 response options. The SLA-MB
is composed of 25 items in Likert scale format (strongly
disagree-disagree-neither agree nor disagree-agree-strongly
agree; not at all useful-very useful; not at all important-very
important; very boring-very interesting "fun").

Application time: 50 minutes.

Categorization of results: does not inform. In the SLA-D
scientific literacy is assessed based on the quantity and
percentage of item correctness, and higher scores on this
component indicate demonstrably higher scientific literacy. In
the SLA-MB, motivation and beliefs are assessed based on the
degrees of agreement of the statements. Higher scores on these
scales indicate the motivation and reflective beliefs of a
scientifically literate individual.

SLA: Bahasa version.

GSLQ

Purpose: Evaluates students' overall scientific literacy along
four dimensions: habits of thought; character and values;
science as a human activity; and metacognition and self-
management.

Theoretical framework: conceptual framework of scientific
literacy suggested by Choi, Kim, Lee, Mun, Choi, Krajcik and
Shin (2011) and Choi, Lee, Shin, Kim and Krajcik (2011) for
citizenship education in the 21st century.

Target audience: High School students.

Evaluation method: questionnaire.

Evaluation Items: 48 items (15 for habits of thought, 16 for
character and values, 14 for science as a human activity, and 13
for metacognition and self-management) in Likert scale format
(never-rarely-sometimes-often-always).

Application time: 45 minutes.

Categorization of results: scientific literacy is assessed
according to the average Likert scale score.

GSLQ: Original
Korean version.
GSLQ: English
version.

GSLQ: Mandarin
version.

ScInqLiT

Purpose: to serve as a research tool to identify weaknesses in
student understanding, improve educational practice, and
determine program effectiveness concerning teaching scientific

ScInqLiT:  original
version, in English.
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inquiry skills. More specifically based on the following skills: 1-  ScInqLiT:  Bahasa
identify and control variables; 2-recognize and analyze version.
alternative explanations and models; 3-draw appropriate
conclusions from evidence; 4-understand and analyze data; 5-
construct and interpret graphs; 6-develop hypotheses; 7-design
experimental procedures; and 8-identify problems to be
investigated. It should not be used as a performance test.

Theoretical framework: Science and Its Ways of Knowing (Hatton

& Plouffe, 1997).

Target audience: students from the 2nd and 3rd cycles of basic
education and high school.

Evaluation method: questionnaire.

Assessment Items: 35 multiple-choice items, with 4 answer

options.

Application time: 50 minutes.

Categorization of results: the spectrum of levels of scientific
investigation skills goes from "low" to "high". However, the

author does not report the amount and/or percentage referring

to each level.

Source: own authorship.

Considering the instruments' nature, they can be classified according to the purpose of the
assessment. The TBSL (Laugksch & Spargo, 1996a) and its TACB (Nascimento-Schulze, 2006), TACB-
S (Vizzotto & Mackedanz, 2018), TACB-R (Nascimento-Schulze et al., 2006) and adapted versions assess
the respondents' level of scientific literacy. The TOSLS (Gormally et al., 2012), its adapted versions, the
SclngLiT (Wenning, 2007), the Scientific Literacy Assessment Instrument (Atta et al., 2020), the Scientific
Literacy Test (Jannah et al, 2020), the Scientific Literacy Assessment (Koedsti & Ngudgratoke, 2018),
and Soobard and Rannikmie's (2011) instrument test individuals' mastery of different scientific literacy
skills; the SLA (Fives et al, 2014) and its adapted versions assess both the level of scientific literacy
knowledge in everyday situations and the motivations and beliefs related to it; the SToSLIiC (Jufti et al.,
2019) assesses scientific literacy skills and the degree of agreement of the meaning of sentences expressing
the elements of character formation; the SLiM (Rundgren et al, 2010) and the Media Scientific Literacy
Instrument (Brossard & Shanahan, 2000) assess individuals' scientific literacy knowledge pertaining to
understanding scientific and technical vocabulary presented in the media; the GSLQ (Mun et al, 2013)
identifies scientific literacy in the dimensions of thinking, character and values, science as a human
activity, and metacognition and self-management; and the Santiago et al. (2020) instrument assesses the
degree to which respondents agree on the relationship between science and the environment, society,
technology, and the school science vision in aspects of scientific literacy.

Thus, seven instruments (53.8%) aim to assess different scientific literacy skills, three
instruments (23.1%) were developed to assess the level of knowledge regarding students' scientific
literacy, and three instruments (23.1%) are directed at assessing students' values, beliefs, habits, and
motivations related to scientific literacy. Notably, the objectives of the latter group of instruments allow
for assessing the affective domain, while the others assess the cognitive domain in relation to scientific

literacy. The assessment of these affective factors seem to be associated with that proposed by Fives et
al. (2014), who claim that

to achieve the goal of a scientifically literate society, individuals need to be more than
knowledgeable about scientific content, they must also value that content and be open to it as a
source of information for decision-making. (p. 576)

Concerning the question configuration, five-item formats were identified, with a
predominance of multiple-choice selection items. The TBSL and its versions use the true-false-not-know
format; the TOSLS, the SclnqLiT and its respective versions, the Scientific Literacy Assessment, the
Scientific Literacy Test, and the SLiM adopt the multiple-choice format with four response options, with
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the fourth response option of the SLiM being "I don't know"; the GSLQ employs a Likert scale; the SLA
and SToSLiC use both multiple-choice items and Likert scales; the Science Literacy Assessment
Instrument adopts discursive items; and the Media Scientific Literacy Instrument uses a "fill in the blank"
construct item format.

Methodological and contextual characteristics of the selected studies

All the studies analyzed used questionnaire surveys. Of the 43 surveys, seven (16.3%)
reported the data from pilot studies, 11 (25.6%) published the validation process of assessment
instruments, and 25 (58.1%) conducted only the application of the instruments.

Among the research that used the pilot study data, Brossard and Shanahan (20006), Laugksch
and Spargo (1996a), Rundgren et al. (2010), Soobard and Rannikmie (2011), and Wenning (2007)
indicated the process of designing and validating scientific literacy assessment instruments, Rachmatullah
et al. (2016) performed the translation of the SLLA into the local language in Indonesia, and Vizzotto et
al. (2020) analyzed the validity of the TACB-S for a different audience than the one for which it was
designed.

Of those who proceeded with the validation process, the studies by Atta et al. (2020), Fives
et al. (2014), Gormally et al. (2012), Jannah et al. (2020), Jufri et al. (2019), Koedsri and Ngudgratoke
(2018), McKeown (2017), and Mun et al. (2015) published the process of developing new instruments
for assessing scientific literacy, Nascimento-Schulze (2000) translated the TBSL into the Portuguese
language, originating the TACB, and Vizzotto and Mackedanz (2018) and Nascimento-Schulze et al.
(2006) reduced and simplified the TACB, deriving the TACB-S and TACB-R, respectively.

Finally, of the studies that performed only the application of already developed and validated
instruments, Camargo et al. (2011), Coppi and Sousa (2019a, 2019b), Gresczysczyn et al. (2018), Lima
and Garcia (2015), Lima and Garcia (2013), and Rivas et al. (2017) used the TACB; Cipkova et al. (2020),
Gomes and Almeida (2016), Shaffer et al. (2019), Souza (2019), Utami and Hariastuti (2019), and Waldo
(2014) applied the TOSLS, Vizzotto (2019) and Vizzotto and Del Pino (2020a, 2020b) employed the
TACB-S, Mun et al. (2013) and Pramuda et al. (2019) adopted the GSLQ, Cartwright et al. (2020), Kola
et al. (2020) and Santiago et al. (2020) used adapted versions of the TOSLS, Laugksch and Spargo (1999)
applied the TBSL, Oliveira and Silva-Forsberg (2012) used an adapted version of the TACB, Ozdem et
al. (2010) adopted an adapted version of the TBSL, and Innatesari et al. (2019) applied the ScInqLiT.

As for the level of education, 32 studies (74.4%) assessed the scientific literacy of students
of only one level and 11 (25.6%) assessed individuals of different levels and even teachers. It can be
noticed that there is a predominance of research conducted in order to assess the level of scientific literacy
of secondary and higher education students, followed by those that assess students in the 3trd cycle of
basic education, as shown in Figure 1.

Figure 1. Amount of studies per level of education.
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However, it should be noted that of the 13 scientific literacy assessment instruments, five
were developed for secondary school students — Scientific Literacy Test, Science Literacy Assessment
Instrument and the instruments of Santiago et al. (2020) and Soobard and Rannikmie (2011) —, three
for elementary school students — SLA, SToSLiC and the Scientific Literacy Assessment, — two for
higher education students —TOSLS and Media Scientific Literacy Instrument. The other three
instruments were constructed for more than one level of education.

In this sense, we observed that some instruments were applied to target populations different
from the one for which the instrument was developed. The versions of the TBSL were those in which
this was most frequently observed. Although they are instruments developed to assess the literacy of
secondary school leavers, the TACB, TACB-S, and adapted versions of the TBSL and TACB have been
used to assess students at the secondary, technical and higher education levels. In the case of the latter
level, most studies aimed at comparing levels of scientific literacy between first-year and final-year
students in biology, chemistry, physics and undergraduate courses.

Noting the high number of applications of the TACB in the 3rd cycle of basic education,
Vizzotto et al. (2020) analyzed the psychometric characteristics of this instrument by applying the TACB-
S, in order to verify its validity and reliability for this level of education. The results revealed low values
of reliability, difficulty, and discrimination indices. In this sense, the authors concluded that the TACB
and the reduced and simplified versions (TACB-R and TACB-S) should not be applied to students of the
3rd cycle without an adaptation and validation process directed to the level of education in question
(Vizzotto et al., 2020).

Ways of presenting and analyzing the results of scientific literacy

In all the instruments analyzed, the classification and comparison between individuals were
made according to the frequency distribution: the quantity and/or percentage of responses to the items.
Of the 13 instruments, six do not report on the categorization process of the students, namely: TOSLS,
SLA, SToSLiC, SLiM, GSLQ and Media Scientific Literacy Instrument.

Among those that categorize them, the TBSL, such as its TACB and TACB-S versions,
distinguishes individuals into scientifically literate or non-scientifically literate. To be considered
scientifically literate, an individual must obtain a minimum score of 13, 45, and 10 on the subtests of the
nature of science, the science content knowledge, and the impact of science and technology on society,
respectively. In the TACB-S, the minimum score on these subtests should be 6, 17, and 5, respectively.

The Scientific Literacy Test categorizes the respondents' level of scientific literacy into "very
good" (70-100% correct), "good" (60-69% correct), "moderate" (50-59% correct), "low" (40-49%
correct) and "very low" (0-39% correct). Soobard and Rannikmie's (2011) instrument, on the other hand,
categorizes it into "nominal", "functional", "conceptual/procedural", and "multidimensional", according
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to the framework proposed by Bybee (1997). Santiago et al.'s (2020) instrument categorizes the responses
of groups of individuals according to agreement, into "agree" and "disagree".

The SclngLiT and the Scientific Literacy Assessment, while categorizing individuals'
scientific literacy levels into "low" and "high" and "mastery" and "no mastery", respectively, do not report
the values for each category. So does the Science Literacy Assessment Instrument, which, although it
categorizes individuals' science literacy skills according to 6 from the Item Response Theory (TRI)-"0 <
0=<=1""-1<0=0","-2<0=-1",and "-3 <0 < -2"-does not make the level of each category explicit.

However, the analysis of the studies revealed that, in the case of 4 of the 5 main scientific
literacy assessment instruments, some authors chose to change the analysis strategy of the original
instrument, creating categories and/or modifying the categorization process and presentation of the
results of the respondents' scientific literacy assessment. Gresczysczyn et al. (2018), applying the TACB,
assessed the average scientific literacy of groups rather than individuals, classifying as scientifically literate
the groups whose average on the three subtests was higher than the minimum required hits. Oliveira and
Silva-Forsberg (2012), using an adapted version of the TACB, categorized students' level of scientific
literacy into "very good" (above 80% achievement), "good" (80% achievement), "satisfactory" (70%
achievement), "regular”" (60% achievement), and "below" (scores up to 50% achievement), with those
who achieved at least the "regular" level being classified as scientifically literate. Ozdem et al. (2010)
reported the students' results in the TBSL according to the average score of correct answers overall and
in each subtest. Nascimento-Schulze et al. (2000) analyzed the results of the percentiles of performance
on the TACB-R overall and by subtest, comparing them with the students' social representations of
science and technology.

As for the TOSLS, Gormally et al. (2012), Santiago et al. (2020) and Souza (2019) reported
the hit frequencies by skill, Shaffer et al. (2019) presented them by skill categories and Cartwright et al.
(2020), Cipkova et al. (2020), Gomes and Almeida (2016), Kola et al. ( 2020), Utami and Hariastuti (2019)
and Waldo (2014) reported the hit frequencies of the instrument as a whole.

In the case of SLA, the study by Rachmatullah et al. (2016) classified the respondents' science
literacy level results into "very low," "low," "medium," "high," and "very high." However, the authors did
not report the amount or percentage of hits for each category. The same was observed in the study by
Innatesari et al. (2019), who categorized the students' science literacy level scores on the SclngLiT into
"low," "medium," and "high," and although they state that this classification was based on the National
Examination of Natural Sciences (UN IPA) average, they do not present the values of each category.

It is found that, despite using frequency distribution to classify respondents, scientific literacy
assessment instruments adopt different item formats and methods of categorizing the results. These
factors make it difficult to compare the results between studies that used different instruments. In
addition, the fact that some studies modify the original instruments' categorization processes and even
create categories makes it difficult to compare analyses conducted by surveys that adopted the same
instrument.

Study results: performance in scientific literacy assessment

Among the 18 studies that adopted the TBSL and its versions-TACB, TACB-S, TACB-R,
and adapted -, Camargo et al. (2011), Gresczysczyn et al. (2018), Laugksch and Spargo (1996a), Lima and
Garcia (2015), Oliveira and Silva-Forsberg (2012), Rivas et al. (2017), Vizzotto and Del Pino (2020a,
2020b), and Vizzotto and Mackedanz (2018) revealed that most of the students assessed are scientifically
literate. The studies of Coppi and Sousa (2019a, 2019b), Laugksch and Spargo (1999), Lima and Garcia
(2013), Nascimento-Schulze (20006), Vizzotto (2019), and Vizzotto et al. (2020), on the other hand,
revealed that the majority of the students assessed did not reach the minimum number of hits required
to be considered scientifically literate. The research of Ozdem et al. (2010) showed moderate scientific
literacy scores of the investigated students, while that of Nascimento-Schulze et al. (2006) indicated that
there is a relationship between satisfactory performances on the TACB-R and high interest in scientific
topics, as well as good grades and school attendance.

Of the ten surveys that applied the TOSLS and its adapted versions, mean scores higher than
50% were found in the studies by Cipkova et al. (2020), Shaffer et al. (2019), and Waldo (2014), and mean
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scores below this value were noted by Gomes and Almeida (2016), Kola et al. (2020), Santiago et al.
(2020), and Utami and Hariastuti (2019). Gormally et al. (2012) observed significant gains in science
literacy skills on the post-test. In contrast, Cartwright et al. (2020) showed no statistical differences in the
number of hits on TOSLS items between the pre-test and post-test, although the average hit rate was
above 50% in both situations. Souza (2019), on the other hand, reported that some skills were well-
developed, while others needed improvement, however, they did not indicate which ones.

Regarding the three studies that applied the SLA and its adapted version, the results of Fives
et al. (2014) and McKeown (2017) revealed mean hits greater than 50%, while Rachmatullah et al. (20106)
reported a mean below this value.

As for the GSLQ, Pramuda et al. (2019) revealed that the control group and the experimental
group obtained mean scores of 3.84 and 3.87, respectively, Mun et al. (2015) indicated that students'
mean score was 3.46 and Mun et al. (2013) observed a mean score of 3.67. Neither study reported the
categorization of the results. In the case of ScInqLiT, Wenning's (2007) study showed averages above
50% and Innatesari et al. (2019) below 50%. In the remaining seven surveys, which applied different
scientific literacy assessment instruments, the studies by Atta et al. (2020), Brossard and Shanahan (20006),
and Rundgren et al. (2010) revealed mean scores on the items above 50%, whereas the studies by Jannah
et al. (2020 and Jufri et al. (2019) indicated mean scores below 50% and the one by Koedsri and
Ngudgratoke (2018) reported that students did not master the three scientific literacy attributes assessed.
Soobard and Rannikmaie (2011) reported that 54% of students have a functional level of scientific literacy.

In general, most studies showed positive results in the assessment of the respondents'
scientific literacy (i.e., more than half of the students assessed reached the minimum number of correct
answers in the TBSL and its versions to be considered scientifically literate or obtained more than 50%
of correct answers in the items of the other instruments). With regard to the level of education, most of
the surveys conducted with students from the 2nd and 3rd cycles of Basic Education and Higher
Education showed positive results, while most of those that evaluated students from Secondary and
Technical Education showed negative results regarding their performance.

However, these results should be analyzed with caution. It is necessary to consider that, as
explained above, several surveys used instruments in target populations different from the one for which
the instruments were developed. Added to this factor is the fact that many of the surveys applied the
scientific literacy assessment instruments in other countries, merely translating them into the local
language and, in some cases, reducing the instrument without taking into account the differences in
context and realities between the places of application, that is, without validating the instrument for that
particular target population. Furthermore, it is worth noting that most of the higher education students
evaluated belonged to undergraduate courses in scientific disciplines, such as Biology, Chemistry, Physics,
and Natural Sciences, which could explain the positive results observed.

Study results: performance on the dimensions of scientific literacy

Regarding the dimensions of scientific literacy assessed by the instruments, only 28 studies
reported which were the best and worst aspects analyzed. Of those that applied the TBSL and its versions,
all revealed that the best results were identified in the subtest of the science content knowledge. At the
same time, the worst were evidenced in the subtest of the nature of science by Coppi and Sousa (2019b),
Nascimento-Schulze et al. (2006), Ozdem et al. (2010), Rivas et al. (2017), Vizzotto and Mackedanz (2018)
and on the subtest of the impact of science and technology on society by Coppi and Sousa (2019a), Lima
and Garcia (2015), Vizzotto (2019) and Vizzotto and Del Pino (2020a). Camargo et al. (2011) found that
first-year students and teachers scored worse on the nature of science subtest, while for final-year students
this occurred on both subtests. Vizzotto and Del Pino (2020b) observed that first-year students had the
lowest number of correct answers in the subtest on the impact of science and technology on society and
final year students in the subtest on the nature of science.

Among the studies that used the TOSLS, there was no positive or negative predominance of
any of the skills. In the case of the best skills, the research by Santiago et al. (2020) and Cipkova et al.
(2020) identified the ability to evaluate the uses and misuses of scientific information; Souza (2019) found
the ability to identify a valid scientific argument; Utami and Hariastuti (2019) checked the ability to solve
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problems using quantitative skills, including basic statistical analysis; Waldo (2014) identified category 1
skills, related to recognizing and analyzing the use of research methods that lead to scientific knowledge;
and Gomes and Almeida (2016) looked at the abilities to identify a valid scientific argument, to evaluate
the uses and misuses of scientific information, to understand the elements of a research design and how
they impact scientific findings/conclusions, to create an appropriate graph from data, and to justify
inferences, predictions, and conclusions based on quantitative data.

As for the worst skills found, Cipkova et al. (2020) indicated the ability to understand the
elements of a research project and how they impact scientific findings/conclusions; Santiago et al. (2020)
noted the ability to assess the validity of sources; Utami and Hariastuti (2019) checked the ability to create
an appropriate graph from data; Souza (2019) identified the ability to read and interpret graphical
representations of data; Gomes and Almeida (20106) indicated the ability to assess the validity of sources,
to read and interpret graphical representations of data, to solve problems using quantitative skills
including basic statistical analysis, and to understand and interpret basic statistics; and Waldo (2014)
identified category 2 skills, referring to the organization, analysis, and quantitative interpretation of
scientific data and information.

The study by Rachmatullah et al. (2016) was the only one to perform this analysis for the
SLA. The authors identified that, in the SLA-D, the highest and lowest number of hits were in the
dimensions of understanding the role of science and mathematics in science, respectively. Of the studies
that applied the GSLQ, all observed the best results in the dimensions of science as a human activity.
The worst results, on the other hand, were found in the dimension of metacognition and self-
management by Mun et al. (2013) and Mun et al. (2015), while Pramuda et al. (2019) detected them for
the dimension of character and values. Innatesari et al. (2019), using the ScInqLiT, indicated that students
were most successful on items of the ability to plan experimental procedures and least successful on the
ability to identify and control variables.

As for the studies that applied the other instruments, Rundgren et al. (2010) identified that
the SLiM items related to the subjects of physics and chemistry were those that presented the highest
and lowest amounts of correct answers, respectively; Jufti et al. (2019), adopting the SToLiC, and Jannah
et al. (2020), applying the Scientific Literacy Test, revealed that the skills of interpreting data and
evaluating scientific evidence scored the highest, while the worst scores were obtained in the skills of
evaluating and developing scientific research; and Soobard and Rannikmaie (2011) reported only that the
items whose skills require applying scientific knowledge in new and everyday activities scored the lowest.

As well as the different item formats, the categorization processes and the target audience
make it difficult to compare the studies. The diversity of dimensions assessed by each instrument also
compromises the contrasting analysis between survey results. However, a broader analysis reveals that
there was no predominance of any dimension of scientific literacy in both the positive and negative
results.

It is worth noting that, although the objects of analysis of this review were instruments for
assessing scientific literacy in general, a great interest in the development and validation of instruments
for assessing scientific literacy in specific subjects of certain scientific disciplines was verified. This is
evident in the number of scientific productions excluded because they addressed dimensions of scientific
literacy intrinsic to certain areas of knowledge (n = 42), particularly for physics and chemistry.

This fact demonstrates the breadth of scientific literacy and the lack of comprehensive
instruments to fully assess it, leading some researchers to develop instruments specific to certain areas.
Moreover, this scenario supports the idea of DeBoer (2000), in which the author argues that

Science literacy should be conceptualized broadly enough for local school districts and individual
teachers to pursue the goals best suited to their particular situations and the content and
methodologies most appropriate for them and their students.(p.582)

Study results: significant differences between individuals/groups
With regard to the comparison of the results of the scientific literacy assessment between the
different groups of individuals analyzed, differences with statistical significance were identified in several

aspects assessed in 16 of the 43 studies: ethnicity (Fives et al., 2014; Laugksch & Spargo, 1999; Mun et
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al, 2013; Shaffer et al., 2019); education level (Laugksch & Spargo, 1999; McKeown, 2017; Mun et al,,
2015; Rundgren et al., 2010); year/grade (Ozdem et al., 2010); gender (Laugksch & Spargo, 1999; Mun et
al., 2013, 2015; Shaffer et al., 2019); number of science subjects taken (Cipkové et al, 2020; Laugksch &
Spatgo, 1999); type of institution-public/ptivate-(Gormally et al., 2012; Nascimento-Schulze, 2006;
Vizzotto, 2019); pre-test/post-test (Cartwright et al., 2020; Gormally et al., 2012); socioeconomic level
(Fives et al., 2014); initial training/continuing training (Gomes & Almeida, 2016); number of failures
(Vizzotto, 2019); concurrent work and study (Vizzotto, 2019); post-secondary studies (Vizzotto, 2019);
continuity in studies (Vizzotto, 2019); 1st year higher education students/last year higher education
students (Vizzotto & Del Pino, 2020b).

The analysis points to the persistence of the relationship between factors related mainly to
ethnicity, education level, and gender. This further supports the argument that many instruments have
been applied in target populations different from those they were designed, and reinforces the need for
the validation process of instruments for the context in which they will be applied.

CONCLUSION

The results of the SLR identified 13 scientific literacy assessment instruments used by 43
studies in 14 countries, with a predominance from Brazil, Indonesia, and the United States. Most
researchers have used the scientific literacy assessment instruments already validated in the literature,
including the TBSL, TOSLS, and their respective versions were the most adopted in their research. It
was found that most instruments aim to assess different scientific literacy skills. Even so, some
instruments were identified to assess characteristics of the affective domain, such as values, beliefs, habits,
and motivations related to scientific literacy, highlighting the importance of such attributes in the
development of a scientifically literate citizen.

The classification of the respondents was obtained through the descriptive frequencies of
response to the items, and there was no standardization in the processes of categorizing the results.

It was observed that most of the instruments were developed to assess secondary school
students and that there is a predominance of studies that assess the scientific literacy of secondary and
higher education students, the latter being the ones that presented the best performances concerning the
dimensions of scientific literacy analyzed. However, it was evidenced that caution must be used when
performing such an analysis since the instruments were applied at different levels of education and in
different contexts from those for which they were developed.

The SLR carried out enriches the field of research on the assessment of scientific literacy,
filling a gap that existed until then and producing results that are useful for researchers in the area. In
summary, although the subject has been the object of a large number of studies, it was found that there
is a very small number of instruments that assess scientific literacy-mainly aimed at elementary school
students-among which there are certain convergences, such as the assessment of scientific literacy skills
and the target audience, and divergences, such as the type of instrument, the format of the items and the
way of scoring and classifying individuals.

The results showed research with total or partial absence of the presentation and
identification of the validation processes of the instruments. Furthermore, the study explained a
considerable number of investigations that applied instruments to target audiences whose contexts differ
from those they were developed, without the instruments being adapted and validated for the respective
samples. Added to these is that many authors have changed and/or created categorization processes from
the original instruments. These circumstances highlight the need for great caution in using the results of
these studies and in using these instruments in the decision-making for which they were or will be,
applied.

It is suggested, therefore, that future research within this theme develop and validate, in a
satisfactory manner, new instruments for assessing scientific literacy, covering the different levels of
education and establishing clear and precise classification and categorization criteria in order to allow the
comparison of results and contribute to the progress of this area of study.
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