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ARTICLE INFO ABSTRACT

Climate change is one of the major challenges facing society today and more effective education is needed
on this topic. This study analysed the effects of an inquiry-based science activity about climate change
effects in ocean ecosystems, done in a research laboratory and in the classroom, on primary students’
knowledge, investigation skills and satisfaction. Data were collected through the application of pretests
and posttests, direct observation, questionnaires, interviews and document analysis. Results revealed
an increase in students’ scientific knowledge and application to new situations. Regarding investigation
skills, all students were able to make predictions, and to easily observe and register data. However, exper-
imental planning and conclusions were more difficult for them. Students and teachers emphasised their
satisfaction with the outdoor activity, teamwork and the subject. The present study revealed a positive
effect of the participation in the inquiry-based activity, embedded on a socio-scientific issue, in students’
conceptual knowledge and in the development of investigation skills.
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INTRODUCTION society today and more effective education of the public

Our present society is increasingly shaped and direct-  ON this topic is supported by several authors and organ-
ed by science, therefore citizens need to have the knowl-  isations (e.g. Atwood-Blaine & Bowman, 2010; Bencze,
edge, skills and disposition to make decisions and solve ~ Sperling, & Carter, 2012; UN, 2015). This need is in line with
social-scientific problems. This requires the ability to What is required in the UN 2030 Agenda for Sustainable
meaningfully engage and critically reflect on science and ~ Development (UN, 2015), which states, among other
make informed decisions (Gillies & Rafter, 2020). Inquiry- sustainable development goals (SDG), that it is crucial
based learning in science education is broadly endorsed ~t0 “ensure inclusive and equitable quality education”
as an educational practice that inspires students to (SDG 4), providing students with the knowledge and skills
question the natural world, to find solutions, and develop ~ Necessary to promote a more sustainable society, “take
better understandings (Gillies, Nichols, Burgh, & Haynes, urgent action to combat climate change and its impacts”
2012), in order to respond to these society actual de- (SDG 13) and “conserve and sustainably use the oceans,
mands. Therefore, inquiry-based education has received ~ 5€as and marine resources for sustainable development”
much attention in educational practice and theory (see  (SDG14). The present study aims to analyse the learning
reviews in Akuma & Callaghan, 2019; Dobber, Zwart, Tanis impact of an inquiry-based science activity about the ef-
& Oers, 2017; Shymansky, Kyle & Alport, 2003; Rénnebeck, fects of climate change in the oceans, done in a research
Bernholt, & Ropohl, 2016). laboratory and at school, on primary students’ knowl-

Climate change is one of the major challenges facing ~ €dge, investigation skills and satisfaction.
Most of the previous work of inquiry-based learning
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on climate change focused on secondary and university
students (e.g. Dijkstra & Goedhart, 2011; McCright, 2012),
or on pre-service teachers and teachers approach (e.g.
Namdar, 2018; Ratinen, Viiri, & Lehesvuori, 2013). The
novelty of the present study is that primary students
participated in an inquiry-based science activity about
climate change effects on the ocean, which involved both
outdoor scientific experimentsin a marine laboratory and
classroom work.

The problem of this study was to analyse students’
scientific knowledge about the main effects of climate
change in the oceans, such as, water temperature in-
crease, sea level rise, ice reduction, water acidification
and its consequences on marine organisms; and their
investigation skills like selecting the relevant information,
identifying a problem, focusing on a research question,
making predictions, planning experiments, observing
and registering data, drawing conclusions, developing
explanations and communicating findings. The main
research questions were:

(1) What is the effect of the participation in an inqui-
ry-based activity on:

-students’ conceptual knowledge concerning the main
effects of climate change on the oceans;

- development of students’ investigation skills?

(2) How did students and teachers evaluate the inqui-
ry-based activity, considering their satisfaction and major
difficulties?

Inquiry-Based Learning

In inquiry science investigations, emphasis is placed
on students’ own questions, ideas, and understandings,
as a constructivist practice supporting meaningful learn-
ing (National Research Council, 1996, 2013). According to
the US National Research Council (1996) inquiry is:

“a multifaceted activity that involves making ob-
servations; posing questions; examining books and
other sources of information to see what is already
known; planning investigations; reviewing what is
already known in light of experimental evidence;
using tools to gather, analyse, and interpret data;
proposing answers, explanations, and predictions;
and communicating the results.” (p. 23)

Increasing evidence demonstrates the benefits of
inquiry-based science learning. There is no doubt that
children are more motivated and interested to learn
when they are active participants in the learning process,
investigating problems that challenge their curiosity,

and thinking creatively as they work towards commonly
agreed conclusions (Gillies et al., 2012). One important
aspect of scientific inquiry is that it links knowledge
and process skills (Cremin, Glauert, Craft, Compton &
Stylianidou, 2015). When students have opportunities to
engage in scientificinquiry, they increase their conceptual
understanding of scientific content, as well as, their un-
derstanding of how to do science (Gillies & Nichols, 2015).
Student investigations and hands-on science activities
also have the potential to enhance students’ higher order
learning skills, such as metacognition and argumentation
(Cremin et al., 2015). In summary, student investigations
and hands-on activities have the “potential to enhance
students’ conceptual and procedural understanding, their
practical and intellectual skills, and their understanding
of the nature of science” (Hofstein, Kipnis, & Kind, 2008, p.
59), in addition to develop students’ motivation and posi-
tive attitudes toward science (Areepattamannil, 2012).

There are also some evidence supporting the idea that
the implementation of inquiry activities with younger
students also plays animportantrolein their engagement
in science (e.g. Alake-Tuenter, Biemans, Tobi, & Mulder,
2013; Gillies & Nichols, 2015; Lofgren, Schoultz, Hultman
& Bjorklund, 2013). Despite the general agreement of the
importance of scientific inquiry in science education,
documented by a huge body of research and reviews (e.g.
Akuma & Callaghan, 2019; Dobber et al., 2017; Shymansky
et al., 2003), two main dimensions can be distinguished
from conceptualisations of scientific inquiry found in the
literature: the type and range of activities that students
engage in, and the degree of guidance provided by the
teacher (Ronnebeck et al., 2016). There are several levels
of openness in the way to do inquiry, from confirmation
inquiry, structured inquiry, guided inquiry, up to open
inquiry (Banchi & Bell, 2008). Here we analyse students’
performance on structured and guided inquiry activities
that were done at the classroom and in a research labora-
tory under researchers and teachers supervision.

In accordance with the need, already highlighted by
Holbrook (2010), of science education to relocate from a
content-led teaching direction to one that focusses on the
needs and motivations of students for learning through
science, the inquiry-based science methodology, aims
to engage students in investigative activities on socially
and environmental relevant problems, in order to develop
skills of problem identification, research planning and
development, data collection and analysis, and problem
solving. These skills, associated with the knowledge of
the nature of the scientific enterprise and its interactions
with technology, society and the environment, are deci-
sive for the construction of a scientific literacy, indispens-
able to the exercise of critical citizenship in the context of
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environmental scientific controversies.

Bencze et al. (2012) defend that education on climate
change needs to be oriented towards encouraging and
enabling students to become citizen activists, ready and
willing to take personal and social actions to reduce risks
associated with this issue.

The United Nations 2030 agenda for sustainable de-
velopment (UN, 2015) goals includes taking urgent action
to combat climate change and its impacts and improving
education, awareness-raising and human and institu-
tional capacity on climate change mitigation, adaptation,
impact reduction and early warning.

The approval of a Sustainable Development Goal
(SDG) on the ocean to “conserve and sustainably use
the oceans, seas, and marine resources” was a major
achievement for the global ocean community, but a suc-
cessful implementation of this SDG 14 will require a shift
in lifestyles and a transformation of the way of thinking
and acting. Therefore, education systems must also react
to this compelling need by defining relevant learning
objectives and content and by introducing ocean pedago-
gies that empower learners (Santoro, Santin, Scowcroft,
Fauville, & Tuddenham, 2017). As emphasised by Brennan,
Ashley and Molloy (2019), ocean literacy includes several
aspects, from knowledge about how the oceans work and
our impact on them, to attitudes toward topics such as
sustainable development.

In this educational demand it is fundamental to pro-
mote ocean literacy at early ages, starting right from the
first years of schooling, adding ocean literacy topics in
the curricula (Mogias, et al., 2019; Stefanelli-Silva, Pardo,
Paixdo, & Costa, 2019), such as, effects of climate change

in the oceans.

METHOD

A mixed-methods design involving pretest, posttest,
worksheet responses, interviews, questionnaires and
direct observations was used to document the impact of
the climate change inquiry unit on students’ conceptual
understanding, investigative skills development and eval-
uation of the activity.

Participants

The participants were 96 students from two primary
schools of Portugal, two classes per school and the four
respective schoolteachers. All students were at the fourth
grade, with 9 or 10 years old. Gender distribution was 54
females and 42 males. In general students came from a
good socio-cultural-economic background.

Description of the Inquiry-Based Science Activity
Contextualizing session in the classroom. Prior to the

visit to laboratory students read a child literature book
of SpongeBob collection (Reisner & Reed, 2011), entitled
“Sponge Bob - An ecological adventure”, about the effects
of climate change in the ocean. The teachers conducted
this moment, which aimed to motivate the students for
the subsequent activities, leading them to investigate
possible impacts of climate change in the oceans and to
raise questions about this socio-scientific issue, thus es-
tablishing problem focus: What are the impacts of global
warming on the oceans?

To answer to this major question students were in-
volved, in the laboratory, in three experimental activities,
related to several aspects of climate change effects on
oceans, namely on seawater warming, on polar ice melt-
ing and on ocean acidification.

Once in the laboratory, the students were divided
in three groups from nine to eleven elements and each
group performed one of three possible experiments.

Experiment 1 - Effect of climate change on ocean tem-
perature. The students were driven to an initial problem
and question: What happens in the ocean as atmosphere
temperature increases due to global warming?

Students had to make predictions and to compare the
effects of warming two balloons, onefilled with airand the
other filled with sea water. They measured and compared
the temperature of the seawater, which was previously in-
side the balloon, with the temperature of tap water, that
is expected to be lower. They also registered the time that
both balloons take until they burst. After understanding
the experiment model and what happens to the tempera-
ture of ocean waters due to global warming, students
were invited to think on the effects of ocean warming on
marine organisms’ distribution. This was done through
an extension activity where they had to read news, about
changes in geographical range of a mussel species, and
discuss them with their colleagues (http://www.ccmar.
ualg.pt/index.php?id=1384).

Experiment 2 - Effects of climate change on polar ice
melting. This experiment analysed the effects of climate
change on polar ice melting. The driving question for stu-
dents was: Can seawater refreeze after melting?

In this activity, students were asked to plan and design
an experiment that could answer their initial hypothe-
ses. They should do an experiment, which enabled the
comparison of the different responses of freezing a glass
with salted and unsalted water, for a given period (30 to
60min). The students would observe that salty water did
not freeze again, at the used temperature, and relate this
evidence to the sea level rise. To conclude the activity,
students had to read news about the consequences of sea
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level rise in the small island nations of the Pacific Ocean,
vulnerable to the impacts of climate change (http://opin-
iaoenoticia.com.br/brasil/politica/ilhas-kiribati-a-primei-
ra-vitima-do-aquecimento-global/).

Experiment 3 - Impact of climate change ocean
acidification on marine organisms. This experiment
analysed the indirect effects of climate change on ocean
acidification, particularly the effects on mollusc shells. At
the beginning of this experiment, it was discussed with
students how the raise of CO, in the atmosphere and its
dissolution in sea water could cause ocean acidification,
so that they could understand this process as a conse-
quence of the climate change. The driving question was:
What is the effect of the acid on shells?

Students analysed this question through changes
in shell contour and weight, comparing shells placed
in vinegar to shells placed in sea water. Throughout the
experiment, they had to measure pH of seawater and vin-
egar, weight the shells and draw their contour in the be-
ginning and at the end of the experiment (see Boaventura,
Guilherme & Faria, 2016 for details of this experiment).
Studentsshould conclude thatacidification directly harms
many of the shell forming organisms. Consequently, other
direct and indirect impacts can occur both in marine food
webs and in availability of food sources for humans.

The informal scientist leader draw the students’ atten-
tion to the fact that some of the materials used were only
a representation of the reality under analysis (lighter; vin-
egar) and could not present all the properties of the real
materials. It was intended that students were aware of the
aspects involved in an experimental activity, namely the
need for accurate data recording throughout the process
and the need to always have a control situation (air bal-
loon, salt water, water without vinegar).

Intervention task back at the classroom. Students
had one-month period to research and prepare a pro-
posal, meant to raise public awareness, about one of
the three issues they tested in the laboratory. This was
a student-guided activity done in small groups both in
the classroom, under teacher supervision, and at home.
Finally, each group of students had to present and com-
municate to their colleagues their proposal in a one-hour
session.

To accomplish this last task (which could serve as an
integration of all the others) it was suggested the creation
of jig saw cooperative learning, in which each group is
dedicated to addressing only one of the dimensions un-
der analysis in a first phase. Subsequently, each group is
disbanded and each element integrated, together with an
element from each of the other 2 groups, in a new group

that elaborate the proposal to raise awareness about the
problem under analysis.

Throughout the activity, students had the opportu-
nity to identify a problem, focus on a research question,
predict, observe, to draw conclusions, to generate new
hypotheses, and to design an experiment (experiment 2).
Additionally, they discussed the characteristics of scien-
tific experiments such as the role of control procedures.
Experiments 1 and 2 had extension activities, in which
students should apply the previous learned conceptsin a
broader context. Finally, they had to communicate results
to the class. Scientists and teachers were always available
for any further clarification, seeking to ensure correct
appropriation of content by students.

Data Collection

Data was collected using five instruments: application
of pretests and posttests to students (n=79), observation
of student activities, questionnaires to students (n=93),
interviews to students (n=12) and to teachers (n=4); and
document analysis (e.g. students’ worksheets, n=96;
student’s group proposals in the intervention task, n=12).
These instruments were applied in all schools and class-
es. Although 96 students participated in the activities,
some of them didn’t answered the questionnaire, or pre
and posttest, because they missed class that day.

In order to assess students previous conceptual knowl-
edge about the scientific theme under consideration, a
pretest was applied to students before the beginning of
the activity. The same test was applied after the experi-
ments implementation (posttest). These tests included 5
questions (including figures and graphics) in order to as-
sess students learning about the effects of climate change
on the ocean explored in each experiment (temperature,
polar ice melting and ocean acidification):

Question 1 - After analysing the figure (illustrating
CO, trades between atmosphere and the ocean and
consequent water acidification), what do you think that
will happen to the ocean organisms if the water becomes
more acid, due to the excess of carbon dioxide in the
atmosphere?

Question 2 - What will be the consequences of ice
reduction for the organisms (examples: polar bear, seals)
which inhabit the Artic?

Question 3 - Looking at the photos (taken in different
years: 1899, 1941, 2003, 2004) what do you think that has
happened in the last years that can explain the sharp re-
duction of ice in Muir Glacier (Alaska)?

Question 4 - Based on information provided in the
graphs (about average temperature range of the ocean
surface and the average seawater level over the years)
what will be the relation between the increase in water
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temperature and the sea level rise? Why?

Question 5 - What are the effects of the increase of
water temperature in marine organisms?

To assess the impact of the activity on students’ inves-
tigation skills development, for all the experiments done
in the laboratory, students’ had to answer to a written
worksheet involving all research steps performed during
the task: introduction, problem question, predictions,
material, procedure, results, and conclusions. Classroom
activities were also observed in order to analyse students’
involvement in the development of the intervention pro-
posal and its presentation to the class.

Finally, to understand how students and teachers
evaluated the activity, interviews were done to both
participants, at the end of the activities, to get a deeper
understanding about the aspects they considered import-
ant for their involvement. Student’s interviews were done
in pairs or groups. These interviews were semi-structured
and aimed to get information on: the relevance and im-
portance of the tasks, the learning promoted by the activ-
ity, the innovative aspects and the major difficulties felt.
The interviews to teachers aimed to obtain information
on: their critical appreciation of the activity (curriculum
adequacy, age of students), the implementation process
(expectations, difficulties, alterations made, positive as-
pects, recommendations), the impacts of the activity on
students’ learning and skills development, and student’s
reactions (involvement, satisfaction, learning), impli-
cations on teaching, and future perspectives (activities
reutilisation).

One closed questionnaire was also applied to stu-
dents, in order to assess their overall opinion about the
activity and to understand which tasks they found more
difficult. These questionnaires had 49 items, grouped in
the following themes: general appreciation of the activity
(popularity of the activity, preferred aspects, and diffi-
culties in the activity development), and contribution to
science learning (aspects related to conceptual and pro-
cedural learning). Students chose the sentences (items)
they agreed with. For teachers, a written reflection was
applied to assess information on how they analysed the
implemented learning sequence, their major difficulties,
and general appreciation of the activity.

All used instruments for data collection were devel-
oped by the authors for the evaluation of the activities cre-
ated under the project ‘Between tide marks: Integrating
literacies (iLit)’ (PTDC/CPE-CED/117923/2010), aimed to
support in-service teachers to adopt inquiry-based sci-
ence learning at basic education. The questionnaire was
previously tested with a different class of students of the
same age in order to verify if the questions were suited
to the age of the participants. Data collected using the

different methods were crossed to assure the reliability
of the analysis and to get a deeper understanding of the
activity effects.

Data Analysis

For the assessment of students’ conceptual knowl-
edge concerning the main effects of climate change on
the oceans, before and after their involvement in the in-
quiry activity. The pretests and posttests were analysed
according to the percentage of answers that were includ-
ed in the following categories: incorrect answer, correct
answer, no answer. The correction criteria encompassed
the use of appropriate scientific language and the number
of topics mentioned by the students (consequences or ef-
fects, etc.). Only the cases with both pretest and posttest
per student were considered for analyses in this study.
Therefore, only 79 correspondent tests were analysed. A
chi-square test of independency was used for comparing
the frequencies of the different categories considered
(incorrect, correct and no answer) between pretest and
posttest in each question.

In what concerns the development of students’ inves-
tigation skills, students’ worksheets were analysed in
order to see their performance in the various stages of the
inquiry-based activity, namely, questioning, predicting,
planning, observing, data recording, concluding and per-
forming the extension applied tasks.

Finally, to understand students’ opinion about the
activity, the percentage of concordance with each item
(sentence) present in the closed questionnaire, was ana-
lysed. The data obtained through the questionnaires was
enriched with the analysis of students’ interviews that
enabled to get a deeper insight on their appreciation of
the activities and its major positive and negative aspects.
Concerning teachers’ opinion, both the written reflexion
and the interview were subject to content analysis, to
understand their appreciation of the activity. All written
documents were subjected to content analyses based
on information obtained from data and from theoretical
references.

As for the intervention proposals done in the class-
room, the major aspects considered were: creativity, pre-
cision and accuracy of the information within the theme,
use of scientific language, interaction and discussion with
the colleagues, and poster format and appearance. These
aspects were analysed as insufficient, sufficient or good.
Non-participant observation of the classroom activity of
posters presentation allowed complementing this anal-
ysis, concerning the communication skills, thorough the
analysis of the type of interaction among students.
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RESULTS
Impacts on Students’ Learning and Investigation
Skills’ Development

Results of the pretests and posttests applied to stu-
dents (n=79) revealed that the number of students that
did not answer to the questions reduced notably from
the pretest to the posttest (Tablel). The knowledge and
scientific language improved in most of the questions,
according to the used correction criteria.

Chi-square test results (Table 2) showed that, there
was a larger number of correct answers, than what
would be expected in a random distribution, in posttest,
except in question 4 in which students had to analyse
data in graphic format. The themes where an increase in
students’ knowledge (i.e. with a larger number of correct
answers) was more evident were those related to the
impact of glacier reduction and to the increase of water

temperature on marine organisms (questions 2 and 5).
The result of the analysis of frequency and percentage
of correct answers in students’ worksheets, in several
stages of the inquiry-based activity, is presented in Table
3. All students were able to make predictions in each ac-
tivity but the activity where their initial conceptions were
more distant to the scientific concept was experiment
3, “the ocean acidification”. Only 21.9% of the students
could make a correct experimental plan (experiment 2).
Data recording and observations was one of the easiest
tasks for students, presenting high percentage values in
all experiments. Conclusions were difficult for students,
as they also admitted in questionnaires, with percentage
values below 37.5% in all tasks, with the exception of ques-
tion 2, in experiment 1, where students had to understand
the model used in the experiment and to relate each used
material to the correspondent item in nature. Application

Table 1. Pre and Post- test results for each question. Frequencies and percentages of answers according to correction criteria

(n=79)
Question  Criteria of correction Pre test Post test
Frequency Percentage Frequency Percentage

1 Incorrect answer 14 17.7 3 3.8
Correct answer 63 79.7 76 96.2
No answer 2 2.5 0 0

2 Incorrect answer 22 27.8 9 11.4
Correct answer 46 58.2 68 86.1
No answer 11 13.9 2 2.5

3 Incorrect answer 28 354 30 38.0
Correct answer 37 46.8 47 59.5
No answer 14 17.7 2 2.5

4 Incorrect answer 25 31.6 36 45.6
Correct answer 24 30.4 20 25.3
No answer 30 38.0 23 29.1

5 Incorrect answer 30 38.0 24 30.4
Correct answer 23 29.1 47 59.5
No answer 26 32.9 8 10.1

Table 2. Results of the Pearson Chi-Square Tests

Question X? (df=2) p

1 10.33 0.006 Decrease in category “incorrect”

2 15.93 0.000 Decrease in categories “incorrect” and “no answer” and increase in “correct”
3 10.26 0.006 Decrease in category “no answer”

4 3.27 0.200 No significant changes

5 18.43 0.000 Decrease in category “No answer” and increase in “correct”
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Table 3. Frequency and percentage of correct answers in several stages of the experimental tasks

IBSL activity Experiment 1 (n=31) Experiment 2 (n=32) Experiment 3 (n=33)

Freq. Percentage Freq. Percentage Freq. Percentage
Predictions 28 90.3 20 62.5 2 6.1
Planning - e 7 219 e e
Observations 22 70.9 27 84.4 33 100
Conclusions
Question 1 2 6.5 12 37.5 7 21.2
Question 2 28.8 92.8 - e 8 24.2
Application
Questions

14 45.2 22 67.7 e e

questions had percentages of correct answers between
45.2% and 67.7%.

As for the tasks done in the classroom, the aspects
that stand out most were the use of scientific language,
creativity and precision/accuracy of the information,
where the percentage of students with good results were,
respectively, 100%, 34.4% and 32.3%. The percentage of
an adequate posters format (17.7%) and the interaction or
discussion with the colleagues (18.8%) was considerably
lower. The analysis of the presentation performance for
each group also revealed that the presentation of the
posters was mainly based on reading information, with-
out any interaction with the colleagues.

All proposals had references to environmental conser-
vation. Several groups proposed mitigating procedures
for the reduction of global warming. These procedures
encompassed reduction of fossil fuels use, encourage-
ment of recycling, the use of renewable energy sources,
installation of greenhouse gas emissions regulatory sys-
tems in industries, recovery of methane gas in sanitary
landfills, energy saving, avoidance of deforestation and
forest fires. Another group presented a scientific study
on ocean acidification reduction conducted by a research
institution.

During interviews students (n=4) gave examples of
some new concepts that they have learned:

“We learned that we should not use the car so that
we don’t pollute the environment with CO2.”

“With CO2 pollution the Earth gets warmer and the
glaciers will melt...the sea water level can rise and

cause floods...floods in islands and coastal areas.”

“Global warming increases the ocean temperature

and this can be bad for the species living there.”

“With ocean acidification the shells can be de-
stroyed and some species can die.”

“The more we pollute the Earth the warmer it will
be, as a greenhouse effect.”

“If the glaciers melt they will not freeze again after
mixing with salt water.”

Students’ Evaluation of the Activity

Questionnaire analysis (n=93) showed that 93.5% of
the students liked to participate in the activity, although
10.8 % considered it difficult. The aspects they liked
most were: team work (78.5%) and the visit to the marine
laboratory (72%), followed by the use of scientific equip-
ment and laboratory materials (58.1%), ‘have to use the
knowledge that | have from science’ (53.8%) and ‘have to
present my results’ (51.6%).

Most of these aspects were also mentioned in the in-
terviews (n=12). When asked about what they liked most
in the activity they said:

“Working in a group.”

“Making experiments in the laboratory.”

“Research in the web.”

“Learning about this theme.”

The major difficulties mentioned by the students in

the questionnaires were: to draw conclusions (39.8%),
to make decisions (38.7%), to have to identify a problem
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(37.6%), and to organize their work (36.6%). Interestingly,
the students considered that after doing the activities
‘they could understand the science concepts’ (81.7%),
but only 28% considered that they learned ‘how to do
science’. The aspects they referred as contributing for
their learning were again the team work (64.5%) and the
visit to the marine laboratory (61.3%). However, they also
mentioned other aspects, such as, the help of colleagues
(58.1%) and of the teacher (47.3%), to use the knowledge
they have from science (46.2%) and have to draw conclu-
sions (46.2%).

In the interviews some students (n=4) referred that
they did not like that: “other students didn’t respect our
opinion.”

Teachers’ Evaluation of the Activity

All teachers (n=4) enjoyed to be involved in the activity
and said that their students liked particularly the visit to
laboratory and to conduct the experiments there, enlight-
ening the students’ involvement and satisfaction with
the activity. Concerning the adequacy to curriculum and
age of the students the teachers’ opinions diverged. Two
teachers said that “The activity was well adapted both to
curriculum and age of the students”. In contrast, the other
two considered that the activity could be better adapted
to curriculum and age of the students. One of them said
that: “...the theme was difficult and would be better for
older students.”

Positive aspects of the activity implementation men-
tioned by the teachers included the interest of the theme
and the use of a contextualizing session in the classroom,
through the reading of a child literature book:

“Interest of the theme, using a story as an introduc-
tion to the project...”

“Awareness to this theme, and to its ecological con-
sequences.”

“Itis always useful to go deep further in this theme.”

Other aspects recognised by teachers on the imple-
mentation of the activity was the importance of the col-
laboration with a research institution “making a visit to
a research laboratory”, and the active role that students
had in the laboratory and classroom: “Students implica-
tion in the activities, participation, cooperation and team
work and communication development.”

The teachers also referred to the learning skills and
advantages of the activity particularly in autonomous
investigation, work planning, and as introduction to new
scientific concepts:

“The students had to investigate and to organize
their work.”

“New concepts and themes were analysed”.

Despite the increase in knowledge and scientific lan-
guage, the teachers still stressed out that major difficul-
ties were related to the selection of information during
investigation and some of the vocabulary which was new
to the students:

“Some students had difficulties in understanding
the vocabulary used in the activity.”

“Selection of collected information was sometimes
difficult”

For future use of the activity teachers recommended
the addition of a digital image and audio support to the
initial story, the publication of the students’ work in the
school journal and the realization of a science week to de-
velop students’ interest in this area. As for implications on
teaching, they considered important to be complement
learning with concepts about climate change.

DISCUSSION

The present study revealed a positive impact on
students’ scientific learning, shown by the progress
in the ideas and explanations regarding the effects of
climate change in the oceans, which resulted in a signif-
icant increase in conceptual knowledge across students.
Moreover, the students were perfectly capable of apply-
ing the acquired knowledge to new situations, as revealed
by the analysis of the application questions of the exper-
imental tasks. So, in consonance with Varma (2014), this
study reinforces the idea that young students can benefit
from science instruction centred on inquiry-based sci-
ence experimentation activities for developing a better
understanding about new scientific information. It also
enhances the importance of presenting complex scientif-
ic information in authentic contexts and of providing the
necessary support for meaningful scientific inquiry and
experimentation.

In addition to knowledge acquisition, this study aimed
also to promote a development of students’ inquiry skills.
It is commonly accepted that inquiry should incorporate
elements of observation, questioning, problem-solving,
devising and conducting investigations, critical thinking,
collaborative work, interpreting results, drawing conclu-
sionsand communicating findings (see Hume & Coll, 2010).
Considering these various stages of the inquiry activities,
the present study revealed that all students involved were
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able to make predictionsin each experiment, and to easily
observe and register data. On contrary, the experimental
planning was a more challenging activity and the drawing
of a conclusion was a difficult task for them. Curiously,
on students’ evaluation of the activity, this task, ‘have to
draw conclusions’, was simultaneously considered diffi-
cult, but also as contributing for their learning, meaning
that the children enjoyed the challenge they were given.

Both students and teachers enjoyed to be involved in
the activity, particularly emphasizing the visit to the lab-
oratory and to conduct the experiments there. The visit
to the laboratory had the advantage of getting in contact
with a research institution, as well as, to perform more
authentic scientific experiences. This type of visits can
also encompass cognitive, affective and interpersonal
or social impacts on students (Rickinson et al., 2004), as
demonstrated by students evaluation of the processin this
research. On the other hand, the contact with researchers
can remove traditional stereotypes on scientists and may
influence students’ ideas about scientists (Boaventura,
Faria, Chagas & Galvao, 2013) and the attractiveness to
work in science in a positive way (Dijkstra & Goedhart,
2011).

Finally, the notion of authenticity and the active role
of students in the activities, advocated by several authors
(Dijkstra & Goedhart, 2011; Gillies et al., 2012; Morrison,
2013), certainly contributed to the impact on students
of the activity implemented in this study. According to
Gillies et al. (2012) children are more motivated to learn
when they are encouraged to be active participants in
the learning process, investigate problems that challenge
their curiosity, and think creatively as they work towards
commonly agreed conclusions. The authentic process of
inquiry not only leads to the development of personal
conceptual understanding, but also to the development
of procedural knowledge and skills and a tentative appre-
ciation of the nature of science (Milne, 2010).

Other important aspect of the activity mentioned by
the students was team work. Indeed, students showed
enthusiasm and motivation for working with their col-
leagues in these science activities, both in the laboratory
and in the classroom. According to Murphy, Varley, and
Veale (2012), working in-groups can provide children with
opportunities to develop their collaborative skills in solv-
ing problems and conducting investigations.

CONCLUSIONS

Ratinen et al. (2013) consider climate change a chal-
lenge to environmental educators and researchers be-
cause it is an issue that is characterized by controversy,
uncertainty, interdisciplinary and complexity. Learners
must be made aware not only of its causes and predicted

effects but also the uncertainty of climate change and its
economic, political and social dimensions. In this study,
the theme of the effects of climate change on the oceans
was used both as a ‘real-life’ situation and as an appealing
learning context. This theme seemed to have contributed
to students’ engagement and some groups were able to
propose viable solutions, during the intervention task.
The present study revealed a positive impact of the inqui-
ry-based learning activity on students’ conceptual knowl-
edge and on the development of some investigation skills.
Students and teachers evaluated positively the activity,
particularly the fact that it involved the development of
experiments in a laboratory.

IMPLICATIONS

This study reveals that the combination of inqui-
ry-based learning and authentic scientific contexts can
have positive results on knowledge, skills and students’
engagement, pointing to the need to create and imple-
ment innovative curricular resources, that promote stu-
dents’ engagement with science, and, at the same time,
that are easily accessed and appropriated by teachers,
and so, also implemented in the classroom.

However, several studies focused on curriculum
innovation highlight the difficulty to change teachers’
practices (e.g. Fullan, 2008; Hargreaves, 2008; Osborne &
Dillon, 2008). Indeed, besides the importance for science
teachers to have access to innovative curricular resourc-
es, based on inquiry strategies and students’ centred, it is
also crucial for them, as suggested by Murphy et al. (2012),
to have the confidence and competence to develop and
implement, for themselves, more innovative inqui-
ry-based approaches outlined in the primary curriculum.
Probably, in order to promote change on teachers’ prac-
tices and perspectives by empowering them to deal with
barriers to innovation, it is essential to create relational
spaces including science teachers and teacher educators,
where teachers can exchange ideas and experiences and
find theoretical explanations to justify their practices.
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