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Abstract

This research aims to contribute to the development of critical thinking skills and concepts of the nature of science
and technology through joint work based on primary school curriculum content (energy). It has a mixed design in
methodological terms, applying a variety of techniques such as surveys, interviews, participant observation and
documentary analysis. The total sample of participants is 130 students aged 11-12 from five different schools.
The results of the study show improvements in the concepts of the nature of science and technology (dependence
on the use of new technologies and control of technological development by individuals), as well as in critical
thinking skills (thinking as hypothesis testing and argument analysis), among participants. For example, there is
a perceived increase of 0.34 (2-point scale) in the mean between the initial and final assessment of dependence
on the use of new technologies This leads us to conclude that the teaching design implemented is effective for
improvement in both areas.

Introduction

Contemporary society feeds on scientific and technological developments, often to the point of
dependence. However, the scientific and technological literacy of the general public has often
been considered insufficient throughout the decades (Pleasants, Clough, Olson, & Miller,
2019). Promoting scientific and technological literacy at the global level is therefore essential
to understand and critically evaluate the role of science and technology in everyday life
(Acevedo, Garcia-Carmona, & Aragén, 2017; Vazquez & Manassero, 2012).

Moreover, the challenges faced by our planet make the need for this kind of literacy more
urgent. The current state of environmental alert or situations like the COVID-19 pandemic
highlight the need for training in science and technology if we are to understand the scope and
relevance of decisions based on scientific and technological knowledge that affect society. Two
elements are key to scientific and technological literacy: Understanding the Nature of Science
and Technology (NoSaT) and acquiring Critical Thinking (CT) skills.

In response to social demands, this study seeks to contribute to the development of CT skills
and of concepts of NoSaT through joint work based on curriculum content. We understand
NoSaT as the integration of nature of science (NoS) and nature of technology (NoT) into a
single construct, while keeping their elements separate to observe the interactions between
science and technology, and between them and society (Vazquez & Manassero, 2012). A
teaching-learning sequence (TLS) is proposed, designed to develop CT skills while facilitating
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the learning of NoSaT concepts by focusing on high-impact curriculum content such as energy
(definition, properties, manifestations, renewable and non-renewable sources, environmental
impact and fracking). On the other hand, CT is considered to be one of the competences for the
twenty-first century. PC skills are a set of knowledge that can be transferred to the real world
in order to function in contemporary society (Almerich et al., 2020, Mercado-Ramirez, 2021).
They are a set of skills that enable people to develop strategies and habits to implement
effective thinking processes (making good decisions, building evidence-based arguments,
analysing information, and so on) (Ritchhart, Church, & Morrison, 2014).

In particular, the specific objectives are:
e To test whether conceptions of NoSaT related to the social construction of technology
improve after the implementation of a TLS. Specifically, about:
o Dependence on the use of new technologies
o Control of technological development by individuals
e Check for improvement of PC capabilities (argument analysis and thinking as
hypothesis testing) after the intervention.

Since both NoSaT and CT are broad constructs, the teaching design addresses specific concepts
of NoSaT and CT skills, for this is the only way of making them explicit. Definitions of CT
and NoSaT are therefore in order here, before defining the elements chosen for analysis.

Concepts of Nature of Science and Technology

In this study, NoSaT is used as an umbrella term in education, encompassing both NoS and
NoT (Véazquez, Manassero, & Talavera , 2010). It is defined as metaknowledge about science
and technology, arising from interdisciplinary reflections by philosophers, historians,
sociologists of science and technology, scientists and science educators. From this perspective,
the term includes epistemic and non-epistemic aspects, as well as science, technology and
society (STS) factors (Acevedo, Aragén, & Garcia-Carmona, 2018).

Manassero and Vazquez (2019) present a taxonomy that organises the different elements that
make up the NoSaT construct. This taxonomy proposes four basic aspects as organisers:
definitions and interactions between science and technology; external sociology of science and
technology; internal sociology of science and technology; and epistemology. In this study we
focus on components of the organiser called "internal sociology of science and technology”. In
this way we can say that the internal sociology of science in turn is made up of elements related
to characteristics of scientists; social construction of scientific knowledge; and social
construction of technology (technological decisions; autonomy of technology). In particular,
due to the age of the students and the time allocated to the intervention, we will focus on
learning elements related to the social construction of technology, such as dependence on the
use of new technologies; and control of technological development by individuals.

Finally, it should be noted that although from this study we understand a holistic view of
NoSaT, but for its work in specific classroom situations at an early age, we advocate the
teaching of specific elements that are part of each of the dimensions of NoSaT. In this way,
throughout schooling, knowledge will be acquired which, at higher levels, will serve as a
foundation for understanding the construct.

Critical Thinking skills
The CT construct is defined and bounded differently depending on the discipline and the author
(Ennis, 1996; Halpern 2014; Paul, 2005). What the various definitions have in common is that
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CT is a set of intentional processes triggered to draw conclusions and establish how these
conclusions were reached. When using CT, related data or problems to be solved are broken
down, summarised and thoughtfully evaluated in order to come to a conclusion or find a
solution. The conclusion or solution is in turn analysed to see if it can be improved. (Ortega-
Quevedo, Gil-Puente, Vallés, & Ldpez-Luengo, 2020, p. 94)

Authors tend to agree that CT has five main components: abilities, dispositions, attitudes and
values, rules, and knowledge (Tenreiro-Vieira and Vieira, 2021). According to Halpern (1998),
the cognitive component of CT has five dimensions: argument analysis, thinking as hypothesis
testing, verbal reasoning, using likelihood and uncertainty, and decision making and problem
solving. This study focuses on argument analysis and thinking as hypothesis testing. However,
it should be borne in mind that all five dimensions are closely related and cannot be dealt with
separately. This means that even though only two of them have been selected, the other three
will also be taken into consideration.

Argument analysis: The ability to think by breaking down arguments into their components
and distinguishing between reasons, assumptions, qualifiers, counterarguments and
conclusions (Halpern, 2014).

Thinking as hypothesis testing: A hypothesis is a supposition or an explanation about the world
around us made on the basis of limited evidence, which needs to be proved or disproved. By
testing a hypothesis, we get to know the truth about something. It is a way of building
knowledge in order to interact with our environment (Halpern, 2014).

Study design

Since a variety of research techniques were required in this study, a longitudinal multi-method
design was used (three months’ time), comprising both quantitative and qualitative research
techniques to enable data triangulation and to offset the shortcomings of one method with the
benefits of another. Within this framework, the research was conducted by collecting the data
through teacher/researcher interventions in more than one classroom (Figure 1).

Pre-test: Intervention: FO"(_)W'.Up: q lfé”net‘iltsa{{[?\ifé : N Inference:
e - quantitative + tat - :
guantitative qualitative qualitative qualitative Discussion

Figure 1. Phases of the multi-method design

Data collection tools and techniques

Techniques such as survey, interview and documentary analysis were used and data were
collected through instruments such as the opinion survey on science, technology and society
(OSSTS) Adaptation and the Critical Thinking Assessment instrument, the teacher/researcher's
diary and students' productions.

Adaptation of the OSSTS validated by Ortega-Quevedo and Gil-Puente (2019).

This instrument, designed to be implemented with students aged 11 to 12 years, is applied in
the first and third phase of the research as a pre- and post-test of the participating students. The
application was carried out in the classroom of each of the class-groups. Specifically, the results
obtained in items 80131 and 80211 are analysed (Figure 2).
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Item 80131 adaptation:

When a new technology emerges (e.g._ a new computer or a new dmg against
cancer), it can then be implemented or not.

Some participant answers to be considered:

- The decision to apply new technologies depends mostly on its benefits to society.
If it has too many drawbacks, it will be rejected by society and this can stop further
development.

- The decision depends not only on the advantages and disadvantages of the new
technology, but also on how well 1t works, how much 1t costs or how effective 1t
1s.

Item 80211 adaptation:

Technological  development can  be  controlled by  individuals.
Some participant answers to be considered:

- Yes, because scientists and technologists are individuals too. If they control
technological development, 1t 15 also individuals who are in control
- No, because technological advancements are so fast-paced those individuals
cannot keep abreast of them.

Figure 2. OSSTS adaptation items

Critical Thinking Assessment Instrument validated by Ortega-Quevedo and Gil-Puente

This instrument is implemented with the students and is applied in the first and third research
phase (pre- and post-test) in the classroom of each of the groups-classes. Specifically, the
results obtained in the skills of argumentative analysis and verbal reasoning are analysed
(Figure 3).
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Scenario for the assessment of argnment analysis:

There are many opportunities for computer experts. It 1s a good area to specialise
in, offening interesting jobs, good career prospects and high salaries. Of course,
if vou do not like maths or are not much of an indoor person, 1t would not be the
right choice for you.

Students are asked to identify reasons, counterarguments, and conclusions in this
statement.

Scenario for the assessment of thinking as hypothesis testing:

Following a televised debate on the use of video games, wviewers were
encouraged to go to the TV channel website and take a survey: Were they for or
against children playing video games? About 1000 people took the survey in the
first hour, with the same number of votes for and against the idea. On the
following day, the host announced the survey results, concluding that the people
in the country were equally divided i their opimons about the use of video games
by boys and girls.

Students are asked to say if statements hike the ones below are true or false:
- The speakers for and against the use of video games 1n the debate were equally
convincing.
- The viewers who took the survey may not be representative of the people in
the country.

Figure 3. Situations of the critical thinking assessment tool

Classroom diary
The class diary used is kept by the teacher/researcher during the implementation phase and is
of an analytical type, as the aim is to analyse specific aspects within a given observation context
(Zabalza, 2004).

Rubrics

A rubric or descriptive scale is a scale that establishes different levels of achievement and, in
each of these levels, a description is developed that is as precise as possible about the
characteristics of the exercise to be evaluated (LOpez-Pastor & Pérez-Pueyo, 2017). This
instrument is used in the assessment of children's productions (available in the Supplementary
Material).

Methods of analysis

The quantitative analysis of the data was performed using the statistical software tool SPSS 23.
The Kolmogorov-Smirnov test was used for testing normality, showing that some of the
variables were not normally distributed (p-value less than .05). The Wilcoxon signed-ranked
test was used to compare pre-test and post-test results, while the Mann-Whitney U test was
used to compare significance in improvements for each group vis-a-vis the control group.

As for qualitative analysis, a system of categories was implemented to analyse classroom
journals and interview transcripts (see Table 1). This categorisation has been constructed

19



International Journal of Innovation in Science and Mathematics Education, 31(1), 15-29, 2023

deductively, taking as a reference Manassero and Vazquez (2019) in the category of NoSaT
and Halpern (2014) in the category of CP. The analysis of the children's productions
(documentary analysis) was carried out using evaluation rubrics. These rubrics were developed
based on theoretical references such as Vazquez and Manassero (2012) and Halpern (2014).
In order to ensure the confidentiality of participating subjects and schools, codes were assigned
to the data collection documents according to participant number, gender, school number,
group and level of learning (high, average, ‘in progress’).

Table 1. Categories for qualitative analysis

Categories Subcategories
NoSaT Social construction of Dependence on the use of hew
improvements technology technologies
Control of technological development by
individuals
CT improvements  Argument analysis Use of reasons and counterarguments

Formulation of conclusions
Thinking as hypothesis testing  Formulation of evidence-based hypotheses
Testing and correction of hypotheses

Sampling

The participants in this study included 130 sixth-grade elementary school students (aged 11-
12), who were part of 7 groups in 5 schools in the province of Segovia, Spain (Table 2). One
of the 7 groups was the control group. These schools and groups were chosen according to the
so-called convenience sampling. In order to gain access to the schools, the researcher requested
permission from the educational inspection (evaluation by a committee of the relevance of the
study, the didactic and assessment instruments implemented and the impact of the proposal on
the students’ education; approval 2016/679).

The validity of the control group was determined using the Kruskal-Wallis H test, showing p-
values of less than .05 for all variables and thus proving the statistical equivalence between the
control group and the experimental groups in terms of initial knowledge. Finally, each group’s
openness to the teaching methodology was assessed in informal interviews with the regular
teachers.

Table 2. Participants in the study by schools and groups

Groups Participants Openness to
methodology

Boys Girls Total
School_1_Group_A 12 10 22 Average
School_1_Group_B 12 9 21 Average
School_2_Group_A 9 10 19 Average
School_3_Group_B 11 8 19 High
School_4_Group_A 7 11 18 Low
School_4_Group_B 5 13 18 Low
School_5_Control_Group 9 4 13

65 65 130

Note 1: Affinity with the methodology is established through informal conversations with natural classroom
teachers, through which it is clarified which teaching models and methodologies the teacher usually uses.

Note 2: The socio-economic profile of the participating families is established through the analysis of the School
Education Projects and informal interviews with the natural teachers of each class-group.
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Finally, it is worth highlighting the sampling carried out to conduct the interviews with the
students. In this case, it is determined that three interviews will be conducted within each
group-class on an experimental basis, as this is the appropriate number for research that seeks
to test hypotheses between different groups (Kvale, 2011). On this basis, the natural teachers
in each group-class were asked to select one student per learning level (high, average, ‘in
progress’) to participate in these interviews.

Teaching intervention

A special TLS was designed for 11- and 12-year-old students, with activities dealing with
energy-related content (readers can find examples of activities in the Supplementary Material)
and also with the CT skills and NoSaT concepts selected (Table 3).

Table 3. TLS content by sessions

Session  NoSaT content CT content Curriculum content

1 Dependence on the use of new Argument analysis Concept, properties and
technologies types of energy

2 Dependence on the use of new Argument analysis Sources of renewable and
technologies and control of and thinking as non-renewable energy
technological development by hypothesis testing
individuals

3 Dependence on the use of new Argument analysis Fracking
technologies and control of and thinking as
technological development by hypothesis testing
individuals

Note: more information on TLS can be found at Ortega-Quevedo et al. (2020).

In designing the TLS, it was considered that an explicit approach was most effective in
improving NoSaT concepts and contributing to the development of CT skills (Acevedo, 2009;
Tenreiro-Vieira & Vieira, 2021). Every TLS session consisted of three activities:
e Background knowledge activation through thinking routines (Ritchhart, Church, &
Morrison, 2014), followed by group sharing of ideas.
e Listening-questioning dialogue (presentation of content).
e Knowledge transfer (controversial issues to discuss in pairs first and then by the group).

Learning assessment was also considered as key to the TLS (LOpez-Pastor & Pérez-Puello,
2017), since it is the element that brings innovation (development of TC skills and NoSaT
concepts), learning and the transfer of curriculum content (energy) together. According to
Dochy, Segers, and Dierick (2002), without the corresponding adapted assessment, innovations
like the one in this study are meaningless as educational processes.

Results and discussion

NoSaT improvements: Social construction of technology and dependence on the use of
new technologies

In the first place, the results of item 80131 in the adaptation of OSSTS were analysed. Figure
3 shows the graphic representation of the different variables of the study, highlighting the
contrasting scores of the control group and the experimental groups at the various measurement
phases, as well as the contrast between the control group and the groups exposed to the teaching
intervention. The score went from -1 to 1, 1 being the top score.
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As shown in Figure 4, there is significant change in the distribution of results between the pre-
test and post-test phases for the experimental groups, both individually and collectively. On
the contrary, the score for the control group is lower in the post-test measurement.

Liley

Experimental Control School_1 School_1 School_4 School_4 School_2 School_3  Control
set group Group_A Group_B Group_A Group_B group

Figure 4. OSSTS item 80131 adaptation graphics

The Wilcoxon signed-ranked test was used to test the significance of the differences in pre-test
and post-test results for each group. It was concluded that, with a p-value of .000 between the
medians in the different phases for the experimental groups, the difference was significant,
with an error of .05. Broken down, all the experimental groups showed p-values of < .05 except
School 4 Group A, whose p-value was .118. Again, these values mean that differences are
significant for all groups except School 4 Group A. As for the control group, the p-value was
.07, which means that the medians are the same.

Secondly, the Mann-Whitney U test was used to see if the improvements in each group were
significant as compared to the control group. The comparison of the medians for the
experimental groups taken together and the control group showed a p-value of .000, which
means that the improvements in the experimental groups are significant, with a margin of error
of 5 percent. When analysing the improvements for each group (using the same instrument),
the p-values were < .05, which means that the difference between the medians is significant.

The analysis of classroom journals showed that reflection on the use of new technologies began
during the consolidation activities in the three sessions, when the students abandoned the idea
that all technologies are developed and implemented only for the benefit of society. Moving
away from this idea, they began to consider other factors, like economic interests, as well as
both the advantages and disadvantages of implementing new technologies. The ensuing
discussion, as recorded in the journals, shows how the students began to think about issues that
they had not thought about before, such as the interests of the private companies promoting the
implementation of power stations or the exploitation of energy resources, or the impact of the
implementation or exploitation in question. Even though the discussion was not too deep, given
the students’ developmental stage, it came close to some of the ideas gathered as adequate or
general explanations for some of the questions posed by Torres and Solbes (2016).

Some of these ideas were present in the activities carried out. When answering questions like
‘What does the implementation of new technologies depend on?’, the students gave answers
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that came close to the standard (Vazquez & Manassero, 2012) — ‘Venefitssic, money,
companies, people’ — mostly plausible answers — Taking both adbantagespic; and
disadbantagesrsic) into account’ — and a few wrong answers — ‘On the people who make them
or on scientists. ” In the evaluation of the student productions using the rubrics designed for the
study, out of 52 exercises reviewed (documents written in small groups), 6 had a low score, 30
achieved the average and 16 got a high score. Moreover, 46 of the 52 groups produced
acceptable documents, which is in line with the improvements observed in the quantitative
analysis performed and the classroom discussions analysed.

Finally, during the follow-up one month after the intervention, the students were asked whether
they had changed their minds about what the implementation of new technologies depends on.
The students with a high level of learning adequately explained that they still thought the same
because they were already familiar with the topic discussed in class. On the other hand, some
of the students with a level of learning in progress tried to share their opinions, even if they
were inadequate. For instance:

83.M.5.A.A.: No, it depends on the benefits to society, on the time it takes, on the jobs

it creates...

46.H.3.B.P.: Yes.

NoSaT improvements: Social construction of technology and control of technological
development by individuals

Figure 5 shows the main descriptive statistics for the results of item 80211 in the adaptation of
the OSSTS. A higher score can be observed in the post-test phase for the experimental groups,
both together and individually. On the contrary, the control group shows no difference between
scores.

il
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Figure 5. OSSTS item 80211 adaptation graphics

The Wilcoxon signed-ranked test was used to test the significance of the difference in pre-test
and post-test results. With a p-value of .000 for the experimental groups as a whole, it can be
said with 95 percent confidence that the difference between the medians in the first and second
measurements is significant. Moreover, when broken down, the experimental groups showed
p-values of less than .05, which confirms the previous finding. In the case of the control group,
the p-value was .39 thus no improvement is observed.
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Then, the Mann-Whitney U test was used to see if the improvements in each group were
significant as compared to the control group. The p-value for the difference in the medians was
.000, which means the difference is significant. When comparing class groups with the control
group, the p-values were < .05 for all groups except School 4 Group B. This confirms the
improvements for all individual groups but School 4 Group B.

The classroom journals revealed that the students initially believed that the development of
new technologies was controlled by scientists and engineers alone. However, after the
discussions that were part of the consolidation activities in the last two sessions, they reached
conclusions like: ‘It’s the companies with the money that control technology’ (classroom
transcript). Likewise, they expressed their disagreement with this state of affairs, adding that
they would like to have a say in it.

The thoughts jotted down in the journals were consistent with the results of the activities. The
students shared their opinions on the issue of control of technological development by
individuals in the form of adequate answers to the question — ‘No. It’s controlled by the
government and businesses’ —, plausible ideas — ‘Many people should sign a petition to stop
this’ — and mistaken concepts — ‘Yes, because we use the technology.’ In the evaluation of the
student productions using the rubrics designed for the study, out of 52 exercises reviewed, 5
had a low score, 29 achieved the average and 18 got a high score.

Finally, in the follow-up interviews, the students were asked whether they had changed their
minds about the control of technological development by individuals. Most of them said they
had, their opinions now being close to what experts consider to be right (Vazquez & Manassero,
2012). However, there was at least one in each level of learning who continued to hold an
erroneous view or was unable to express their ideas adequately. For example:
83.M.2.A.A.: Yes, | used to think that scientists controlled technology because they
developed it, but now I think it’s those who have the money. There were things in the
survey that made me think it over.
25.M.1.B.P.: No. I don’t know, really.

CT improvements: Argument analysis, use of reasons and counterarguments, and
formulation of conclusions

Figure 6 shows the main descriptive statistics. A higher score can be observed in the post-test
phase for the experimental groups, both together and individually. On the contrary, the control
group shows a lower post-test score.

The Wilcoxon signed-ranked test was used to test the significance of these observations. With
a p-value of .000 for the experimental groups as a whole, it can be said that the difference
between the medians in the first and second measurements is significant. When broken down,
all experimental groups except School 2 showed p-values of < .05. School 2 had a high initial
level, so there was little difference in pre-test and post-test scores. As to the control group, the
p-value was .56 and thus no improvement is observed.

Then, the Mann-Whitney U test was used to see if the improvements in each group were
significant as compared to the control group. When comparing the experimental groups as a
whole with the control group, the p-value was .02, which means that the difference between
the medians is 95 percent significant. In the comparison between class groups and the control
group, the p-value was .05 for 3 groups (School 1 Group A, School 4 Group B and School 3).
Based on these results, the difference between the medians was established for 3 of the 6
experimental groups.
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Figure 6. Argument analysis assessment graphics

To sum up, the quantitative results show significant improvements between the various
measurement phases and, in some cases, vis-a-Vvis the control group. This positive development
is consistent with the findings in the study by Porras, Tuay, and Ladino (2020), including an
intervention with similar goals and evaluation procedures with a group of 15 to 17 year old
students.

The classroom journals show how the groups began to work on argumentation in the first
session, and how both argument-related terminology and argument building processes were
present throughout the TLS. They also show how constant practice enabled the students to
build increasingly complex arguments, featuring better-defined reasons and counterarguments,
and to reach more sophisticated conclusions.

These findings are consistent with the results of the activities, where the rubric-based
evaluation of the exercises shows that the arguments improved as the TLS unfolded (Figure 7).
The analysis of this development indicates a lower number of student assignments with low-
level achievement and a higher number of high-achieving assignments. These results coincide
with improvements obtained in other studies that seek to improve students' argumentative
processes through energy-related topics, such as the study of Skoumios and Balia (2021)
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Figure 7. Argument analysis production results
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Finally, in the follow-up interviews, the students were asked if they remembered the video
introduced in the third session. Most of them answered they did. This means that they were
able to identify and remember the elements of the argument, which is consistent with the
observations about improvements. A few examples:
104.H.3.B.A.: Yes, a group agreed, saying that no harm was done, that it was under
control and that it would boost the economy and energy development, while others were
against the idea because of the negative impact and river pollution.
102.M.3.B.M.: Yes, a group said the effects on the environment would be disastrous,
that the whole thing would be too dangerous, but others said quite the opposite.

CT improvements: Thinking as hypothesis testing, formulation of evidence-based
hypothesis, and testing and correction of hypotheses

Figure 8 shows the main statistics for the assessment of thinking as hypothesis testing. The
scores observed were low (top score 5), even though they were higher in the post-test stage. A
different performance was observed in the control group.
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Figure 8. Thinking as hypothesis testing assessment graphics

The Wilcoxon signed-ranked test was used to test the difference in measurement results. When
comparing the results for the experimental groups taken together, the p-value was .000. Thus,
it can be said with 95 percent confidence that the students improved their skills for thinking as
hypothesis testing. The comparison for individual groups shows p-values of < .05 in all groups
except School 1 Group A and School 4 Group B, which means the improvements are significant
in 4 of the 6 experimental groups. The p-value for the control group was .16, so the medians
can be said to be equal.

Then, the Mann-Whitney U test was used to see whether the improvements in each group were
significant as compared to the control group. When comparing the experimental groups as a
whole with the control group, the p-value was .07, which means that the difference between
the medians is not significant. In the comparison between the control group and individual
experimental groups, the p-value was .05 for 2 groups (School 4 Group A and School 3). Based
on this, the improvements in student results as compared to the control group were established
as significant for 2 schools.
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The analysis of classroom journal content showed that the concept of hypothesis was
introduced in the first session. After this, the students worked with hypothesis testing in all the
activities, considering whether the hypotheses were applicable to the population at large or to
a sample only. By regularly applying these thinking processes, they gradually became aware
of them as strategies and began to identify when they were being used. In the last session, the
students were able to apply these processes, analysing rationale soundness, credibility or the
number of data sources used, when testing their initial hypotheses.

This could be seen in the students’ workbooks, when they introduced changes in the exercises,
rephrasing or correcting the initial hypotheses following classroom discussions. On the basis
of the rubric-based evaluation of the workbooks, a bar chart was used to show the results of the
three sessions (Figure 9). This chart shows that the number of groups with low levels of
achievement decreases as the sessions unfold (from 23 in the first session to 12 in the third).

Session 1 Session 2 Session 3

Lowr Average High

Figure 9. Results of student productions on thinking as hypothesis testing

Finally, in the follow-up interviews, the students were asked if, based on the height of the
children in their school, they could say that all 11-year-olds in Segovia were tall. The students
with a high or average level of learning proffered explanations about generalisations from a
sample to the entire population, showing that they were applying valid generalisation and
information checking processes. On the other hand, the students with a level of learning in
progress gave only few reasons why the hypothesis could not be tested. A few examples are
shown below.

83.M.2.A.A.: No, because we don’t represent all the children in Segovia. If you went

to every school and do the maths, maybe you could say that.

102.M.3.B.M.: No, because we re not all equally tall.

Conclusion

The results of the study enable us to conclude that the teaching proposal designed and
implemented for this research contributes to the improvement of critical thinking (CT) skills
(argument analysis and thinking as hypothesis testing) and to the development of concepts of
the nature of science and technology (NoSaT- Social construction of technology: dependence
on the use of new technologies and control of technological development by individuals) in 11-
and 12-year-old schoolchildren. The quantitative analysis using the Wilcoxon signed-ranked
test showed that there were significant improvements when comparing pre-test and post-test
measurements for the experimental groups taken together. The qualitative data support this
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finding, introducing nuances in the ways in which the students answered NoSaT questions,
corrected their initial hypotheses (student productions) and learned to build more complex
arguments.

When broken down by group, the analysis shows greater improvement in School 4, although
in some cases this is not significant when comparing between phases or with the control group.
This can be related to the groups’ low openness to the methodology, as they were used to more
traditional teaching-learning processes and were unfamiliar with dialogue in the classroom.
Thus, the proposal has potential to promote CT skills and improve NoSaT concepts among
students at this stage of education.

The study addresses elements of impact for research in science didactics in a context that is
little contemplated, such as primary education. Consequently, the study provides data on how
the improvement of different thinking skills and content on the internal sociology of science
can begin to be worked on at this stage. While it is true that the nature of science has been
trying for years to be integrated into educational classrooms, including primary education, this
integration is still far from being achieved. However, publishing LSAs that demonstrate the
learning of NoSat issues allows the principles on which they are based to be made available to
the scientific and educational community and can thus be integrated into syllabuses, textbooks,
teacher training courses etc.

Finally, this study has some limitations that should be highlighted. Firstly, students were not
randomly selected, and the sample used could not be representative of the entire reality of
Spain, but it is quite representative of the population of Segovia. Although, in general, it is
difficult to access school classrooms and students in Spain, it would be interesting expanding
the sample to other regions and contexts. In contrast, the strength of the study is the extensive
methodological triangulation that contrasts the results obtained from four different types of
data collection instruments. In addition, data are provided in a less studied context, primary
education, and all interventions have been carried out by the same teacher, eliminating
extraneous variables related to teaching style.
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