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Introduction

Scientific literacy may be defined as‘the ability to engage with science-
related issues, and with the ideas of science, as a reflective citizen’ (OECD,
2016, p. 28). ‘A scientifically literate person is willing to engage in reasoned
discourse about science and technology, which requires the competencies
to explain phenomena scientifically, evaluate and design scientific inquiry,
and interpret data and evidence scientifically’ (Oliver & Adkins, 2020, p. 2).
Cavas et al., (2013) stated thatscientific literacy is the collective abilities and
skills to function as a responsible citizen in scientifically and technologically
dominated society’ (p. 384). For the same authors, scientific literacy defini-
tion considers not only the knowledge and understanding of science but
also attitudes, values, and reasoning related to science and technology and
theirimpact on society. Bybee and McCrae (2011) also referred that ‘the ori-
entation of PISA (Programme for International Student Assessment) includes
both knowledge and attitudes as these contribute to students’competencies
that are central to scientific literacy’ (p. 8). To use science as an effective tool
for decision-making, Cudaback (2008) pointed out that it is crucial to have
positive attitudes about science. According to the National Research Council
(1996), ‘science literacy begins with attitudes and values established in the
earliest years' (p. 18). These attitudes and values towards science will deter-
mine their future scientific literacy development (Xanthoudak, 2012). Thus,
scientific literacy corresponds to a set of competences that are ‘influenced
both by knowledge of and about science, and by attitudes towards science’
(OECD, 2016, p. 17). Science education occupies a central role in the promo-
tion of scientific literacy, in general (Du &Wong, 2019; Millar & Osborne, 1998;
NRC; 2012; OECD, 2016, 2019; Pereira et al., 2020; Tang & Zhang, 2020) and
its attitudinal dimension, in particular (Oliver & Adkins, 2020; Osborne et al.,
2003; Snow & Dibner, 2015; Tee & Subramaniam, 2018;). However, most studies
regarding scientific literacy assessment of young people still focus on deter-
mining‘some degree of complex knowledge of one or more specific science
field/disciplines and most measures do not include assessment of attitudes
towards science’ (Fives et al., 2014, p. 551) although recent programmes on
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Abstract. The promotion of positive atti-
tudes towards science is an important goal
of science education. This research aimed
to identify students’ attitudes towards sci-
ence and whether their participation within
a citizen science project has contributed

to positive attitudinal changes. So, an
attitudinal scale was developed, validated,
and applied (as a pre and post-test) to 574
students aged between 12 and 14 years
old. Positive attitudes towards science were
recorded from the outset among children of
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the experimental group enhanced relevant
positive attitudinal changes at the level
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such as questioning or critical thinking.
Furthermore, positive attitudinal changes
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and attitudinal domains of their scientific
literacy.
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young people’s scientific literacy assessment already include, a more systematic approach, of attitudes towards
science as one assessed domain of scientific literacy (Altun & Kalkan, 2019; OECD, 2016; Siarova et al., 2019).

Attitudes Towards Science

The attitude concept is one of the fundamental concepts in social psychology and educational sciences (Dalgety
et al., 2003). Despite the wide range of definitions that have emerged for this concept as a result of the research
developed in this area over the last few decades ‘all of them agree that an attitude is the tendency to think, feel, or
act positively or negatively towards objects in our environment’(Salta & Tzougraki, 2004, p. 535). More specifically, as
suggested by Lu et al. (2016), attitude may be defined as a characteristic of human beings expressing ‘the feelings,
beliefs, and values held about an object, which in terms of science may include enthusiasm about science, percep-
tions of school science, and contributions of science to society or of scientists themselves’ (p. 2177). Cavas et. al
(2013) referred that the cognitive component of an individual’s attitudes towards science consists of the individual
knowledge (understanding of basic scientific concepts and processes of science) and beliefs (that result in making
evaluative judgments such as favourable or unfavourable, good or bad, desirable or undesirable, towards science).
Moreover, the emotional component of attitudes towards science refers to science-related feelings (pleasing or
displeasing, liked or disliked). There is also a behavioural component of attitudes towards science, associated with
whatindividuals do or not do, their support to scientific endeavours, or their interests in pursuing a scientific career.

Science educators agree that the promotion of positive attitudes towards science is an important goal of
science education (Tee & Subramaniam, 2018; Tee et al., 2020; Wang & Berlin, 2010) and ‘high-level achievement
on science education and positive attitudes towards science constitutes a crucial challenge for formal education’
(Vilia etal., 2017, p. 1). In this regard, several studies reveal that students’ attitudes towards science are considered
positive, and there is a positive association between students’attitudes and their performance in science subjects
(Brown et al., 2015; Heng & Karpudewan, 2015; Kubiatko et al., 2017; Musengimana et al., 2021; Sjeberg & Schreiner,
2010). However, according to the results of the TIMSS programme (2021), students aged 13-14 years (grade 8) pre-
sented more negative attitudes compared to younger students (10 years, grade 4). Similarly, several authors (Smith
et al., 2020; Tee et al,, 2020; Wang & Berlin, 2010; Wan & Lee, 2017) have pointed a decline in students’ attitudes
towards science that occurs more significantly towards the end of primary school. These findings suggest, thus,
that during middle school - Key Stage 3 (KS3) aged 12-14 in Portuguese schools, initiatives that promote more
positive attitudes towards science should be implemented to reverse this trend (Aratjo & Taveira, 2009; Oliveira
et al. 2017). The PVC educational citizen science project was developed to promote positive attitudes towards
science among the students involved.

The PVC Citizen Science Project

Citizen science is an approach that promotes citizens'involvement in different stages of the scientific produc-
tion process, for example, by conducting experiments or observations, collecting, analysing, and discussing data,
and disseminating research findings (Bastos et al., 2019; Bonney et al., 2015; Cavalier, 2016). According to Tulloch
et al. (2013), citizen science has great potential to foster knowledge and attitudes, and skills development. It is
considered rather relevant for formal education since citizen science enables to bridge the gap between scientific
contentand the relevant and socially meaningful contexts in which citizen science projects are embedded (Ferreira
etal., 2012; Harlin et al., 2018; Lukyanenko et al., 2020; Wiggins & Crowston, 2011; Wiggins et al., 2018).

Recently, an effort has been observed by the scientific community to develop citizen science projects with a
strengthening educational component, evidencing an increasing involvement of schools and school’s community,
as described by Follett and Strezov (2015) in their systematic review of citizen science projects. Regarding the
impact of engaging students in citizen science projects, the literature finds that their involvement is extensiveyet
difficult to assess and widely differentiated (Harlin et al., 2018). Notably, publications resulting from these projects
assessments do not highlight their potential in terms of students’ attitudes (i. e. Savage & Jude, 2014; Scheuch et
al., 2018; Sullivan et al., 2014; et al., Wilken, 2018). The citizen science project PVC — Perceiving the Value of Chemistry
(behind water and microplastics) emerged within this context. The project consisted in monitoring coastal waters
and marine litter quality in the North Coastal region of Portugal, thus explaining the role of Chemistry in society
and its contribution to mitigate environmental issues. Considering the guidelines of the United Nations Agenda
2030 for Sustainable Development (United Nations, 2021a) and the United Nations Decade of Ocean Science for
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Sustainable Development (United Nations, 2021b), as well as the social and scientific relevance of the subject (Li
etal., 2020; Mercogliano et al., 2020; Uddin et al., 2020; Wang et al., 2019; Wang et al., 2020; Zhang & Chen, 2020), it
was considered consistent that marine litter and coastal water quality context, specifically water contamination by
plastics and microplastics, would be explored within the PVC project (Araujo et al., 2020a). The PVC project actively
engaged students in four main stages:

1) online tasks such as guided searches, video visualization, interpretation, and creation of posters and infographics to raise
awareness to marine litter, especially to the presence of (micro)plastics in coastal waters and its consequences; simultane-
ously, it was intended to highlight the importance of chemistry and its preventive role in combating these environmental
scourges; 2) sampling of coastal waters and beach plastics; 3) performance of waters’ physicochemical analysis and (micro)
plastics’ identification to promote the learning of chemistry curricular contents underlying the project; and 4) project dis-
semination to mobilize acquired knowledge and to develop communication skills (Aradjo et al., 20206, p. 1063).

Thus, since the potential of educational citizen science projects regarding students’attitudes towards science
is not systematically exploited in literature, this research aimed to identify attitudes towards science that students
presented before their involvement within the PVC citizen science project and whether their participation in this
project contributed to promote positive changes in their attitudes.

Research Methodology

The different tasks of the PVC project in which students were engaged were implemented at different mo-
ments across the school year 2018/2019, as Figure 1 shows.

Attending to the aim of this paper, i.e., to know the attitudes towards science of middle school students as
well as how their participation in the educational citizen science project promoted attitudinal changes of the
participating students, a quasi-experimental methodological design was conducted through the development,
validation, and application of an attitudinal scale applied to control and experimental class groups which were
randomly assigned. Data on students’attitudes were collected through the application of a questionnaire as a pre-
and a post-test. The pre-test was applied at the beginning of the school year before the students’involvement in
the PVC project tasks. Then, after completing students’ participation in the project, the post- test was applied. The
questionnaire average response time was approximately 10 minutes.

Figure 1
Phases and Chronogram of the PVC Project Implementation (Aradjo et al,, 2021).
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Participants

The PVC project involved 574 students from 26 chemistry classes of three school levels of the middle school
-Key Stage 3 (KS3) aged 12-14 in Portuguese schools - 7th, 8th and 9th grades. From this sample, 442 students
(208 boys and 234 girls) were part of the experimental group (EG), and 132 (65 boys and 67 girls) were part of the
control group (CG). Students had an average age of 12, 13, and 14 years, respectively. The 26 chemistry classes were
involved within the PVC project because they were taught by nine teachers who willingly accepted the invitation
to collaborate in this research by monitoring their students’participation in the PVC project and being responsible
for assisting data collection instruments application.

All parties involved participated in this research voluntarily. Students, teachers, and parents signed an in-
formed consent regarding their participation in the study, which described the activities in which they would be
involved, provided consent for their participation in the research, and ensured that all personal data would be
treated anonymously and confidentially.

Procedures
Attitudes Towards Science Scale Design

Following an intensive literature review focused on the tools to assess students’ attitudes towards science,
a scale of attitudes towards science was developed, including some items present in the tools developed by
Schreiner and Sjgberg (2004), Glynn and Koballa (2006) and Abd-El-Khalick et al. (2015), and others authorship
(as Table 1 shows), that could be applied and validated for the participants age range within the PVC project (Por-
tuguese students attending middle school —Key Stage 3 (KS3) aged 12-14 years old) and which, simultaneously,
was consistent with the objectives proposed for this project. Items from the literature (in English) were subject
to a translation into Portuguese and, subsequently, to a back-translation, again into English, to ensure that the
meaning was preserved despite the translation. The phrasing of the items was assessed for readability, ambiguity,
and abstraction (Angleitner et al., 1986).

For content validation purposes, the attitudes towards science scale was first answered, by a student of each
school year of the middle school -Key Stage 3 (KS3) aged 12-14, to guarantee that all statements presented were
intelligible and understandable. The attitudes scale was analysed by two teachers specialized in Science Education.

The attitudes towards science questionnaire consists of 16 statements in which students expressed their level
of agreement with each statement using a 7-point Likert-type scale (1 = Strongly disagree; 2 = Disagree; 3 = Partly
disagree; 4 = Neither agree nor disagree; 5 = Partially agree; 6 = Agree; 7 = Strongly agree). Additionally, students
were asked a set of questions aimed at collecting socio-demographic information such as gender, school year,
and school attended. The attitudes questionnaire was anonymised and encoded to allow student answers to be
compared across different moments of this instrument application.

Data Collection

A printed version of the questionnaire was answered by students participating in the PVC project, as a pre-
test, before the PVC project implementation, at the beginning of the 2018/2019 school year (from September to
October 2018). After the PVC project conclusion at the end of that same school year (from May to June 2019), a
printed version of the same questionnaire was also answered, by all participating students, as a post-test. The
collection of these data was conducted during a Chemistry class, and teachers of each class were in charge of it.

Data Analysis
Data collected through attitudes towards science questionnaire application were submitted to descriptive

statistics procedures (means and standard deviation) and inferential statistical procedures such as factorial analysis,
and reliability analysis (Cronbach'’s alpha) conducted by the IBM SPSS Statistics software (Version 25).
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Research Results

An exploratory factor analysis was conducted in order to determine factors analysis present in the attitudes
questionnaire. Thus, students’ answers to attitudes towards science questionnaire, applied as a pre-test, were
submitted to a principal component analysis (PCA) with a Varimax rotation from which three factors extracted that
would explain 63.4% of variance (higher than the desirable minimum of 60%) (Costello & Osborne, 2005; Tabachnik
& Fidell, 2006). The Kaiser-Meyer-Olkin Measure of Sampling Adequacy (KMO) test was marvellous (KMO = .94)
(Kaiser, 1974), and the Bartlett’s Test of Sphericity was statistically significant (2 (120) = 8328.98 p < .001), allowing
to conclude that the variables are sufficiently correlated among themselves to conduct a PCA. Table 1 presents
the items of the correlation matrix with saturation values greater than 0.50 (Field et al., 2012) organized by factor.

Following this, results emerging from the principal components analysis were interpreted, defining the di-
mensions underlying each of the factors:

(1) Future - dimension related to future trajectories choices related to science and technology and family
influence on those choices (items 1-5);

(2) Critical analysis - dimension related to the perception of skills development such as questioning,
curiosity, and critical thinking (items 6-10);

(3) Affinity - dimension related to the perception of self-efficacy and science appreciation as well as
science lessons (items 11-16).

Table 1
Principal Component Analysis with Varimax Rotation of Attitudes Towards Science Scale

Factor

Items

1. 3 would like to have a science-related job. .81

2. @My family supports me to follow a science-related job. .80

3. will carry on studying science when | finish school. 73

4. " think that learning science can help my professional career. .70

5. My family supports my interest in science. .67

6. “Science lessons make me wonder about the world around us. .80

7. ©Science lessons have increased my curiosity about things we cannot fully explain yet. .78

8. 9Science lessons motivate me to explore the causes of everyday events. .72

9. “Science lessons have taught me to critically analyse results achieved within laboratory activities. .63

10. “Science lessons help me to develop my critical thinking. 51

11. 2 Science is easy for me. 77
12. 2 am quite confident that | am able to understand science 2
13. ®l try hard enough to learn science. .63
14. *l enjoy learning science. .62
15. ° prefer science to other subjects. 57

16. @If | was given a choice, | would take more science lessons at school. .54

Note: Adapted items from: 2Abd-El-Khalick et al. (2015), ®6Glynn e Koballa (2006) e “Schreiner e Sjgberg (2004) and items of
authorship®.
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Additionally, it was conducted an internal consistency analysis. The reliability analysis (Cronbach’s alpha) reveals
good values for the internal consistency regarding the following dimensions 1. Future (0.869), 2. Critical analysis
(0.821) e 3. Affinity (0.862). Cronbach’s alpha value is higher than 0.80 for all dimensions, thus the scale’s reliability
is high. The item-total correlations are always positive and with minimum values higher than 0.5 for all situations.
Yet, there is an adequate internal consistency of the dimensions of this attitudinal scale (Briggs & Cheek, 1986).

Within a global perspective, PCA results reveal that before students participate in the PVC project, they pres-
ent more positive attitudes towards dimension 2. Critical analysis, followed by dimension 3. Affinity and, with lower
values, regarding dimension 1. Future. However, all dimensions have a mean value higher regarding the intermedi-
ary point (4) of the measurement scale (Table 2).

Table 2
Descriptive Analysis of Attitudes Towards Science Scale Dimensions: Pre-test

Dimensions N M SD
1. Future 574 421 1.50
2. Critical analysis 574 5.08 1.10
3. Affinity 574 4.64 1.13

Note: The reported values refer to the measurement scale from 1to 7.

To further understand how the PVC project contributed to students’ attitudinal changes, questionnaire ap-
plication results as a pre-test was compared with the results achieved in post-test for both groups.

Results Comparison Between Experimental Group and Control Group

Considering small mean differences were found in each dimension of the scale for each of the groups (see
Tables 3 and 5), it may be considered that the CG and EG were equivalent in terms of their attitudes towards sci-
ence. Thus, in order to compare students’ attitudes integrating the EG from the pre-test to the post-test, for each
dimension, Table 3 presents the mean values students answers and the respective standard deviation in both scale
application moments. Consequently, pre-test and post-test EG results were subjected to a t-test for paired samples,
asTable 4 shows, whereby it is concluded that the mean value of dimension 2. critical analysis significantly increases
from pre-test to post-test (pre-test: M = 5.17, SD = 1.06; post-test: M = 5.28, SD = 1.03; t,, = 1.969, p =.048), while
dimensions 1. Future (pre-test: M = 4.30, SD = 1.47; post-test: M= 4.41,5D=1.47;t,, = 1.855,p=.065) e 3. Affinity
(pre-test: M = 4.66, SD = 1.10; post-test: M = 4.74, SD = 1.16; t,,, = 1.573, p = .117), despite higher mean scores in
the post-test, there is no significantly variance between these two moments of the application.

Table 3
Mean Values Presentation of Attitudes Towards Science Scale Dimensions, as Pre-test and Post-test in the EG

Dimension N M SD
Pre-test 442 4.30 1.47
1. Future
Post-test 442 441 1.47
Pre-test 442 5.17 1.06
2. Critical analysis
Post-test 442 5.28 1.03
Pre-test 442 4.66 1.10
3. Affinity
Post-test 442 474 1.16
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Table 4

Compared Attitudes Towards Science Scale Dimensions, as Pre-test and Post-test in the EG

Cl 95%
(Post-test — Pre-test) AM SD t p
LL UL
1. Future 114 1.126 -.007 234 1.855 .065
2. Critical analysis .105 1.092 -.012 222 1.969 .048
3. Affinity .082 .951 -.020 183 1.573 A17
Note: ClI- Confidence interval 95% (Field, 2009) LL-Lower limit UL-Upper limit

Similar procedures were applied to compare CG students’ attitudes from the pre-test to the post-test, for
each of the scale dimensions. Yet, Table 5 presents the mean values of these students answers and the respective
standard deviation in these two scale application moments. Likewise, the t-test application for paired samples
(Table 6), we conclude that the dimension 2. Critical analysis mean of CG has decreased significantly (t,,,=-3.425,
p < .001) from pre-test (M = 4.87, SD = 1.13) for post-test (M = 4.49, SD = 1.24) and dimension 1. Future (pre-test:
M=4.12,5D=1.59; post-test: M=4.26,SD=1.53;t,,, = 1.235, p=.219) and dimension 3. Affinity (pre-test: M =4.59,
SD=1.19; post-test: M=4.52, SD=1.17; t,,, = -.801, p = .425) were not significantly different between these two
data collection moments.

Table 5
Mean Values Presentation of Attitudes Towards Science Scale Dimensions, as Pre-test and Post-test in the CG

Dimension N M SD
Pre-test 132 4.12 1.59
1. Future
Post-test 132 4.26 1.53
- ) Pre-test 132 4.87 113
2. Critical analysis
Post-test 132 4.49 1.24
Pre-test 132 4.59 1.19
3. Affinity
Post-test 132 4.52 117

Table 6
Compared Attitudes Towards Science Scale Dimensions as Pre-test and Post-test in the CG

Cl 95%
(Post-test — Pre-test) AM SD t p
LL UL
1. Future 137 1.159 -.083 357 1.235 219
2. Critical analysis -.381 1.162 -.602 -161 -3.425 <.001
3. Affinity -074 .959 -.256 .109 -.801 425
Note: Cl- Confidence interval 95% (Field, 2009)  LL-Lower limit UL-Upper limit

Furthermore, to determine whether differences among the groups identified within variations between the
pre-test and the post-test were significant, the results of attitudes towards science scale were subjected to an
ANOVA analysis. Hence, Table 7 systematises the results of Tables 4 and 6, as well as the results of the statistical
test conducted. From the analysis of Table 7, it is possible to conclude that the variation within dimension 1. Fu-
ture is higher for the CG (AM =137, SD = 1.16) compared to the EG (AM =.114, SD = 1.13), yet differences are not
significant (F, ,,, =.035, p =.852). Whereas the variation from pre-test to post-test regarding dimension 2. Critical
analysis is higher for the EG (AM =.105, SD = 1.09) compared to the CG (AM =-.381, SD =1.16), differences are sig-
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nificant (F1,442 = 15.833, p < .001). Finally, regarding dimension 3 variation Affinity is higher for the EG (AM = .082,
SD = .95) compared to the CG (AM =-.074, SD = .96), increasing in addition in EG and decreasing in CG, however,
no significant differences were found (F1,44z =2.179, p =.141). Accordingly, we observed that, from the pre-test to
the post-test, the mean of dimension 1. Future increased for both groups, with this variation being slightly higher
in the CG. Regarding to dimension 2. Critical analysis and 3. Affinity, a mean increase was observed of these dimen-
sions from the pre-test to the post-test within the EG while the CG there was a decrease.

Table 7
Compared Variation Among Attitudes Towards Science Scale Dimensions, as Pre-test and Post-test in the CG and EG

Dimension N AM SD F p
CG 132 137 1.16

1. Future .035 852
EG 442 114 1.13
CG 132 -.381 1.16

2. Critical analysis 15.833 <.001
EG 442 .105 1.09
CG 132 -074 .96

3. Affinity 2.179 141
EG 442 .082 .95

Gender Effect on Pre-Test and Post-Test Variance for CG and EG

Considering gender variable effect on attitudes changes that were observed from pre-test to post-test (Table
8), it is noted that for CG students the change in dimension 1. Future is positive for boys (AM = .309, SD = 1.15)
and negative for girls (AM = -.032, SD = 1.16) while within EG, boys revealed higher positive attitudes changes
(AM = .135, SD = 1.26) comparing to girls (AM =.097, DP = 1.01). Regarding dimension 2. Critical analysis, within
CG the mean answers have decreased less among boys compared to girls (males: AM = -313, SD = 1.05; females:
AM =-.448, SD = 1.27). Furthermore, it is observed in this dimension, within EG, girls reveal more positive changes
(females: AM =180, SD = 1.06; males: AM =.011, SD = 1.13). Concerning the last dimension of this scale 3. Affinity,
it is observed within CG that boys' attitudes decreased less from pre-test to post-test, compared to girls’ attitudes
(males: AM = -.040, SD = .90; females: AM = -.107, SD = 1.02). By contrast, within EG, girls exhibit further positive
attitudes compared to boys (males: AM = .059, SD = 1.00; females: AM = .099, SD = .91).

Table 8
Relation Among Variation Attitudes Towards Science Scale Dimensions, as Pre-test and Post-test, and Gender

Experimental group Control Group
Dimension Gender
N M SD N AM SD
Male 214 135 1.26 67 .309 1.15
1. Future
Female 228 .097 1.01 65 -.032 1.16
Male 214 011 113 67 -313 1.05
2. Critical analysis
Female 228 .180 1.06 65 -448 1.27
Male 214 .059 1.00 67 -.040 .90
3. Affinity
Female 228 .099 91 55 -107 1.02

Thus, given the attitudes variance identified for gender in each group, an ANOVA analysis was conducted to
determine whether students’ attitudes changes within groups differ according to gender. Considering statistical
testresults (1. Future: F ,,, = 1.468, p = .226; 2. Critical analysis: F ,,, = 1.548, p = .214; 3. Affinity: F, ,,, = .256,p=.613)
itis observed that gender is not a distinctive variable within student’s attitudes changes regarding the three dimen-
sions analysed among attitudes towards science scale.
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Discussion

Although students frequently present positive attitudes towards science (Cudaback, 2008, Sjgberg & Schreiner,
2010; Tee & Subramaniam, 2018; Wang & Berlin, 2010), literature (NRC, 1996; TIMSS, 2021; Wang & Berlin, 2010; Xan-
thoudak, 2012;) also reveals that students from the late years of middle school -Key Stage 3 (KS3) aged between
13 and 14 years (grade 8) present more negative attitudes when compared to younger students (10 years, grade
4). As citizen science projects, such as the PVC project, explore current and relevant subjects for the community
and promote active students’involvement in science, these projects have the potential to promote more positive
attitudes towards science in students (Bonney et al., 2009; Hecker et al., 2018; Strasser et al., 2019). Accordingly, it
has been considered relevant to assess the PVC project contribution to fostering positive attitudes towards science
among 12 to 14 years old students attending middle school -Key Stage 3 (KS3), through the attitudes towards sci-
ence scale development and application as a pre-test and post-test questionnaire. Results reveal that EG and CG
students presented positive attitudes towards the three scale dimensions before the PVC projectimplementation::
1. Future, 2. Critical analysis e 3. Affinity. For both groups, the dimension 2. Critical analysis achieved the highest mean,
whereas the dimension 1. Future presented the lower mean. Moreover, results from the post-test also indicate that,
for both groups, the mean of the three dimensions remained positive.

Regarding the differences identified, it is possible to conclude that within EG, there were positive changes
concerning students’ attitudes towards the three dimensions. This change is significantly positive only regard-
ing dimension 2. Critical analysis. Within CG as dimensions 2. and 3. Affinity revealed further negative results in
post-test and the mean of dimension 1. Future has slightly increased. Just for the dimension 2. Critical analysis
significant changes in students’ attitudes were found from pre-test to post-test. These findings indicate a positive
attitudinal change of the activities developed throughout the PVC project. For example, stage 1 online tasks of
the project and science dissemination events led by the students in stage 4 of the project, have been valuable in
fostering students’affinity with science, but also in developing skills such as curiosity, once these events were more
creative and awareness-raising nature on issues related to ocean sustainability, namely marine litter, and the role
of science in combating this problem. On the other hand, stages 2 and 3 with its focus on laboratory work were
important for the development of essential scientific skills such as questioning and critical thinking. These stages,
as occurred more in a formal teaching context, have also been of value in developing children’s interest in science
lessons. Additionally, as in both groups there was a positive and similar trend regarding dimension 1. Future, it is
possible to infer that there was no predominant influence of the PVC project regarding an intent to follow future
science-related trajectories. Moreover, when comparing both groups’findings, it is also implied that the PVC project
positively impacted Affinity within EG students towards science and scientific subjects (as presented, for example,
items ‘14. | enjoy learning science’ and ‘16. If | were given a choice, | would take more science lessons at school’
from dimension 2. Affinity and the development of scientific attitudes such as questioning, curiosity and critical
thinking (as illustrated, for example, by items ‘6. Science lessons make me wonder about the world around us’'and
‘7. Science lessons have increased my curiosity about things we cannot fully explain yet’ or ‘10. Science lessons
help me to develop my critical thinking’).

Regarding gender influence on attitudes towards science, several authors (Fulmer et al., 2019; Haciemino-
glu, 2016; Sjoberg & Schreiner, 2010 et al.) note that this is a differentiating variable. According to Sjeberg and
Schreiner (2010), ‘there is a growing gender difference, with girls, being more negative (or sceptical, ambivalent)
[towards science] than boys' (p. 7), this is considered one of the underlying factors, that account for example, ‘the
low proportion of girls who choose studies and occupations in SMT [Science-Mathematics-Technology]’ (p. 30).
Based on our analysis we observed that, in both groups, boys are who effectively present more favourable changes
regarding attitudes about the dimension 1. Future (as illustrated, for example, by items ‘1. | would like to have a
science-related job'and ‘4. 1 think that learning science can help my professional career’). Within CG it is observed
that the other two scale dimensions, boys and girls presented less positive attitudes from the pre-test to post-test,
noting a decrease in the mean of the boys’ answers lower than the girls’ for these two dimensions, in line with the
conclusions of Sjgberg e Schreiner (2010).

Although, within EG, it was noted that, from the pre-test to the post-test, there were positive students’ at-
titudes changes from both genders. Thus, and considering EG students’ attitudes towards dimensions 2. Critical
analysis and 3. Affinity that is considered more positive in post-test compared with pre-test (as opposed to the CG)
itis concluded that the PVC project contributes to promote greater affinity and raises scientific attitudes scientific
attitudes in male and female students. And, unlike literature statement (Sjgberg & Schreiner, 2010), within these
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dimensions, female students’ change attitudes revealed more positive, suggesting that girls’ affective dimension
towards science may be more enhanced by student-centred pedagogical experiences, as observed within the PVC
project. However, although no significant changes were observed of girls’ attitudes compared to boys, findings
indicate that kids ‘involvement within the PVC citizen science project promotes a more positive attitude towards
science among children in general and girls in particular.

Conclusions

This research allowed to observe that both student group attitudes towards science were positive at the be-
ginning of the school year and, in the post-test, there was a positive change of EG students regarding all analysed
dimensions, with significant changes regarding dimension 2. Critical analysis. On the other hand, CG students
also revealed higher positive attitudes towards dimension 1. Future, yet, in the post-test, their attitudes towards
dimension 2. Critical analysis and 3. Affinity revealed more negative attitudes than those presented in the pre-test.

A more detailed analysis regarding attitudes towards science questionnaire results concludes that the attitude
changes among groups were not differentiated according to participants’ gender although indicators emerged
from the findings’analysis indicate that, for the CG, boys presented more favourable (or less unfavourable) attitudes
changes than girls. In both groups, as suggested by literature, it could be verified that boys are the ones who pres-
ent the highest positive changes in attitudes towards dimension 1. Future, thus expressing higher expectations
of pursuing professional careers in scientific and technological areas. Regarding the EG, as opposed to what was
observed in CG, girls’ attitudes changes were more positive in dimensions 2. Critical analysis and 3. Affinity, which
suggests that the participation experience within the citizen science PVC education project promoted higher
positive attitudes towards science in both genders, yet opposes the trend reported in literature that girls present
less positive attitudes.

Summarising, students’ involvement in educational citizen science projects, particularly if held in contexts
of current and relevant events for participants as the PVC project promotes positive changes in attitudes towards
science.Thus, developing the affective dimension of scientific literacy often neglected in science teaching practices,
although, along with the cognitive dimension, essential for students to become scientifically literate.

By developing and implementing the PVC project, it was intended to assess its impact within affective di-
mension level regarding scientific literacy of students involved in this educational experience. As follows, beyond
findings regarding students’ attitudes towards science presented here in the short term, it was also intended to
present findings regarding students'attitudes/attitudes students’ changes, specifically, towards Chemistry subject,
in which this project was implemented, and the context addressed of environmental issues and marine litter.
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