Introduction

This paper has been written to explore the meaning of what scientific literacy and some of the
methodologies that are used to aid pupils to address and answer scientific literacy questions in
School X and how a chosen method from educational literature can be used to aid the
understanding and use of participants within the school. This paper will highlight the reasons
behind the method being used to attempt to aid pupils in scientific literacy questions and how
this aid can be seen in test results. School X is located in the south of Wales near its second
largest city. The school is an English medium, mixed comprehensive school, that educates
pupils aged from 11 to 18 that include around 120 in the sixth form compared with around 1100
pupils enrolled at the school in total. The pupils currently enrolled in the school travel from a
wide range of areas due to the location of the school and its catchment area. The emphasis on
the need to develop the pupil's strength in scientific literacy is important in its own right. Pupils
should be able to determine the required action and response needed from a question of
scientific nature and not need additional aids to explain how to do so. The aim of this research
paper is to address this need to understand scientific literacy questions in more detail and
explore its importance.

Literature Review

Introduction

With the fast and ever-changing environment that surrounds our world today, it is even
more important that people (pupils) are equipped with the skills and know-how that is scientific
literacy. Scientific literacy is just one area of importance for people to succeed in today's world
as science is an integral part of their lives. Be it from the technology they use which is at arm's
length, the way in which everyone communicates and travels, to the energy and food they
consume. Science has and will always be the basis for technological progress. To go hand in
hand with this, the aim of education in Wales and further is that citizens, pupils, teacher and
beyond, become active and responsible in the use of this developing method of acquiring
knowledge and of understanding of the problems faced by the community, the world today. The
role of science education is that of which in the development in the understanding of knowledge
of the surrounding world. To show this development, it is necessary that the educator has a
familiarity with the scientific environment. One of the most integral aims of today's science
education is the aim to develop the scientific literacy skills of its pupils. Here we are going to
explore the bases of what are the skills of scientific literacy, how they are current curriculum
implements scientific literacy into school life. From here the design of the proposed new
curriculum will be explored and how the PISA results have influenced changes here.
and the need for further development within Welsh schools and beyond.
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To begin, understanding what is meant by scientific literacy is needed to explore the
implementation. The term ‘Scientific literacy’ is that of one that can be interpreted many
different ways as was stated here by Miller (1983);

“To be literate has two quite different meanings: to be learned, and perhaps what most people
today mean when they speak of literacy or of being literate to be able to read and write.”

So, it is no wonder why the term ‘Scientific literacy’ in the literature is defined in many
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working understanding of the problem at hand in order to deliver on the required outcome. One
such definition to agree with this is the OECD definition of scientific literacy as:

“the ability to engage with science-related issues, and with the ideas of science, as a reflective
citizen”, (OECD, 2013).

This, however, is a summarized meaning as many would further the definition as the
ability of the citizen improved, (Gallagher & Harsch, 1997), (Bybee, 1997). Another such view
on the meaning of this was stated by M. Viorel and D. Viorel (2015) paper;

“Science literacy describes the ability of an individual to understand scientific laws, theories,
phenomena and things. This means the responsibility of each citizen to have the necessary
scientific knowledge base to make practically any informed decision of his life.”

The idea or meaning of scientific literacy has therefore been a confusing area to explore,
however, below are a number of components that have been collected by Norris and Philips
(2003), that all contribute to the term scientific literacy:

a. Knowledge of the substantive content of science and the ability to distinguish from non-
science;
Understanding science and its applications;
Knowledge of what counts as science;
Independence in learning science;
Ability to think scientifically;
Ability to use scientific knowledge in problem-solving;
Knowledge needed for intelligent participation in science-based issues;
Understanding the nature of science, including its relationship with culture;
Appreciation of and comfort with science, including its wonder and curiosity;
Knowledge of the risks and benefits of science; and
Ability to think critically about science and to deal with scientific expertise.
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As is discussed by Holbrook and Rannikmae (2009), that the term scientific literacy is
that of many believe the idea of ‘knowing science’. They also put forward that although an
actual definition is somewhat clouded;



“the term ‘scientific literacy’ is used somewhat metaphorically. It thus goes beyond any
notion of reading and writing, and few would claim that it refers simply to the ability to read
scientific journals”

So, the use of the term can be seen to be used as a statement to drive change or
improvement. Consequently, the use serves as an indication of the intentions of science
education. Such as the current goal of the education of science appears to be expressed as
scientific, or scientific and technological, literacy (ICASE, 2003; Norris & Philips, 2003).

While the debate of the meaning of scientific literacy continues, the overall view on the
matter comes down to two major ideas coming through. These being, one - those that hold that
the knowledge of science as a central role, and two - those that view scientific literacy as an
idea that is directed at its usefulness of society.

These points of view include that points mentioned earlier but the first view is the view
most science teachers and schools take today. The view of there are key ideas or content that
build into topics that are essential in science which forms a crucial component of scientific
literacy. As was described by Maienschein (1998), this view is, in essence, a short term plan of
knowing science and is further labelled as ‘science literacy’ to change the perception of it from a
longer term view of ‘scientific literacy’ of understanding.

The other main point of view views the idea of a longer term view which is an idea that
scientific literacy is an essential requirement in the ability to tackle challenges no matter the
pace and the ability to adapt if necessary to the conditions of these challenges. This focus sees
scientific literacy align with the development of life skills (Rychen & Salganik, 2003). This view
is more aligned with the idea that scientific literacy is a skill of reasoning in a social context. The
skill, therefore, has minimal involvement with the content that is taught but giving the learners
the skills in order to solve problems. Not the currently popular idea that science and scientific
literacy is just providing learners with a career path in science or the teaching of academic
science background for further education courses.

With this in mind, the two viewpoints have their merits but Graber et al. (2001), see a continuum
of views that stretch between the two extremes of subject competence and meta-competence.
Another view mentioned earlier Bybee (1997), proposed a comprehensive hierarchical model.
This model is very much driven by the discipline of science as the core influence.
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Figure 1 - The Graber model for scientific literacy

As can be seen in the Graber model for scientific literacy (2001), illustrated in Figure 1.

The model implies that scientific literacy is competency-based. The model suggests a balance
between not only the content knowledge of science as a key driver but also considers ethical
competence and various other competencies. The model shows that scientific literacy is much
more than the knowledge one knows and it includes the connect it has with others and includes
aspects of human rights, tolerance, education for peace, gender equity, and the place of
indigenous technologies), (Holbrook & Rannikmae, 2009).

The importance of Scientific literacy

In schools

The importance of Scientific literacy is paramount in the betterment on the world. With the
situation of the current state of the planet. It is at the utmost importance that every country aims
for the improvement in the teaching of science and that pupils have the skills for careers in any
field of science and engineering.

“Becoming scientifically literate produces skeptical, creative habits of mind that are valuable for
everyone.” - (Maienschein, 1998)

Further education/employment
PISA

https://learning.gov.wales/docs/learningwales/publications/141023-pisa-scientific-
literacy-a-short-guide-for-key-stage-4-teachers-en.pdf

Development in the Welsh Curriculum

Now with a firm idea on what scientific literacy is and its importance in today's world. The next
logical step to explore is how pupils progress in science in Welsh schools and how does
scientific literacy play a part in the national curriculum.

Welsh Governments influence relating to PISA results
With a view of the current curriculum in Welsh schools, it is only necessary to look at the current
plans for developing the curriculum for the future.

As was mentioned earlier, the use of the term ‘scientific literacy’, in the current state of
Welsh education is that not enough is being done, and this can be seen in the 2015 PISA
results. These low attainment numbers were the main purpose of this research idea to tackle or
at least draw some idea of a method to aid with the improvement of these results. (move to the
last section talking about PISA)
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From the exploration of the papers here, the need for the development in the skills
learners need in order to become scientifically literate is paramount in the improvement in
Welsh education. From these readings, one such area to begin exploring could by the way in
which learner perceive the questions or problems being asked of them. So, it is only logical for
this as a starting point as, if the learners can’t comprehend the challenges then how can we
expect them to reason and overcome the challenges being given to them.

School Policy, Practice and Diagnostics

To apply the research area to the school environment, it is only necessary to explore the current
methods used within the current policies in place. With the guidance and resources made
available, the school had no specific policy on the implementation of how to develop scientific
literacy with the lessons. The readings on what is scientific literacy heavily support the case in
the school from the viewpoint of teaching key ideas or content to fulfil a desired set of
knowledge rather than the idea of developing the skills to tackle any type of problem,
(Maienschein, 1998). With guidance from staff within the department, suggestions on the
implementation of how to develop or at least, how to begin with the intervention research to be
carried out. Using the resources available, i.e. the schemes of work, some guidelines were
developed in order to conduct this research. Within the content from the scheme of work, the
use of the existing subject knowledge would be used to develop the pupil's skill to avoid any
other changing factors with the learners teaching and to keep the consistency with the content
taught across the school cohort.

To answer the question of is there a need for this type of development of the learners scientific
literacy skills, then as would be suggested by the readings of some views and my opinion then
yes the current system is tailored to tackle specific content knowledge within the science
curriculum rather than the ability to apply the skills being developed in these taught areas to
other problems of challenges.

Methodology & Ethics

Outline
To follow the discussed above, it is only logical to begin at the starting point of learners
improving their skills in scientific literacy, i.e. being able to solve problems within the science
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domain. One key concept in understanding the problem faced by being asked any type of

guestion is how does one infer the need from the question. So it is only necessary that learners
are given the tools to tackle any such challenge while avoiding the pattern of spoon feeding the
answers to the learner which is commonly seen in educational systems across the world today.

Methodology
Positivism |

One such method of allowing learners the ability to understand what is being asked is inference.
Teaching inference has its challenges and perhaps this could be one reason as to why learner’s
scientific literacy skills are underdeveloped. The use of inference is used in every subject that
involve the reading of large texts, from languages, to history, art. The idea that inference is an
idea that learners find hard to grasp is hard to imagine however this appeared to be the case
when questioned as prior knowledge indicator, to the participants involved in the research.
One tool that was suggested was the use of inference squares. Inference squares use a simple
idea of three questions laid out in the form of a square as seen in Figure 2. The three questions
are in essence what a curious, scientifically literate mind would do naturally when asked a
question. This layout is an aid to allow the participants to visualize the process of tackling
higher order questions. With this in mind the delivery of this aid and the explanation of what
inference is must be extremely explicit to cater for any misconceptions that may occur. The
majority of approaches to developing the skills involved with inferring questions is primarily the
same with a minor change of the delivery or the visualization. Some practitioners use simple
questions in list form, or some teach through a storyboard style however all convey the same
idea that inference is a simple process of applying a set of ideas as below;

1. What information is given?

2. What do | already know?

3. What can | now say?

Pa gasgliadau y medraf ei gwneud?
What conclusions can | now make?
Or What can | now say?

Beth ydw i’'n gwybod?

What do | already know?

Pa wybodaeth sy’n cael ei roi?
‘What information is given?
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Figure 2 - Visual aid used ‘Inference Squares’

The collection of data

During the course of the research the aim to capture and record the results of willing
participants with the aim to see if the above mentioned intervention had an impact in the way
the participants view questions asked of them. This will be done and explained further in the
evaluation section using a single diagnostic test being given to the participants on two
occasions once prior to the intervention and one post. The question used in the diagnostic test
was an example from the ‘Take the Test Sample Questions from OECD’s PISA Assessments’,
along with an additional question on the same topic.

Evaluation

Overview

Here in this section, the data that was generated from the discussed pre and post diagnostic
tests will be evaluated and how the methodology mentioned prior has affected the participant's
ability to answer PISA style scientific literacy questions.

Pre-Diagnostic Test

To evaluate the participant's responses prior to the intervention, the responses for the entirety of
the test will be examined. The test provided a baseline to show the participants ability to tackle
questions of a PISA style of nature before any intervention was done.

The first question required the participants to use the knowledge that they unknowingly use
every day. The question required the participants to use this minor realization of a piece of
information that we consider to be an everyday common fact to answer the simple question on,
‘Why was the transit of Venus observed by projecting the image onto a white card, rather than
by looking directly through the telescope’.

The answers given by the participants were varied in response with a total of 13 pupils obtained
the correct answers being given, i.e. 41.94% of the available marks.

2

The answers given by the participants were varied in response with a total of 12 pupils obtained
the correct answer being given, i.e. 38.71% of the available marks.

3

The answers given by the participants were varied in response with the total marks obtained of
14 full marks in the answers being given, i.e. 45.16% of the available marks.

4
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The answers given by the participants were varied in response with the total marks obtained of
16 full marks in the answers being given, i.e. 51.61% of the available marks.

Pre-Diagnostic Test
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Figure 3 - The percentage obtained by participants in the pre-diagnostic test

Tasks, Resources, approaches and methods

To evaluate the tasks and resources used to allow for the opportunity for the participants to use
the method given to them. The main area of there use of this technique was to tackle a question
from the PISA sample questions as a class. This group activity allowed the whole class to see
how an example of the use of this method could be used prior to themselves attempting to use
the method. From the results of the first test however, some participants naturally work through
the problem by using the steps unknowingly however to challenge these participants questions
on how they came to a conclusion were asked rather than the step by step process of the
inference squares.

Post-Diagnostic Test

The first question

The answers given by the participants were varied in response with a total of 18 pupils obtained
the correct answer being given, i.e. 58.06% of the available marks.

2

The answers given by the participants were varied in response with a total of 21 pupils obtained
the correct answers being given, i.e. 67.74% of the available marks.

3

The answers given by the participants were varied in response with the total marks obtained of
15.4 full marks in the answers being given, i.e. 49.68% of the available marks.

4
The answers given by the participants were varied in response with the total marks obtained of
17.33 full marks in the answers being given, i.e. 55.91% of the available marks.



Post-Diagnostic Test
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Figure 4 - The percentage obtained by participants in the post-diagnostic test

Overall comparison of the obtained results
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Figure 5 - A Comparison between the obtained percentage for the pre-diagnostic test and post-
diagnostic test
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marks
change

Table 1 - The change in marks obtained by the participants for each question along with the
total marks gained and lost after the intervention stage.

Total Q1 Q2 Q3 Q4
Total Percentage
change 8.06% 16.13% 29.03% 22.58% 12.90%
Total Percentage
increase 17.48% 38.46% 75.00% 10.00% 8.33%

Table 2 — The total percentage change and total percentage increase for each question and the
total mark per participant

Question breakdown

QUESTION 30.1

Why was the transit observed by projecting the image onto a white card, rather than by looking directly

through the ‘ce]escopef

A. The Sun’s light was too bright for Venus to show up.

B. The Sun is big enough to see without magmﬁca‘cl’on

C. Viewing the Sun ‘through 3 te[e:cope may damage your eyes.

D. The image needed to be made smaller by projecting it onto 3 card.

Conclusions

To provide a closing statement of the reasons and conclusions of the research that can be
made from the evaluation prior. The
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Limitations and future development

In this section of the paper, the limitation that occurred during the course of the research will be
discussed and what additional actions could be done prior to the completion of the research to
further develop the ideas discussed.

Firstly, to begin with, the limitations that occurred over the course of the research with the
sample that was chosen. With an original sample size of thirty-four participates, the range of the
research undertaken was considerably small and to further this research into the matter. The
research performed would need to include the data collected into a large sample size, ranging
from further afield to allow for the range of catchment areas that are withessed across the
country.

Over the course of the data collection, a further three participants withdrew from the research.
This was due to some participants changing their mind or the failure to complete either the pre
or post diagnostic tests.

With the conclusion of the work, it is only natural to think how the research could be used, be it
further research into the use of these methodologies used here or how the techniques used
here could be implemented in any classroom teaching.

One such development on the implementation of the techniques used into classroom teaching
could be, the use of inference is used in a number of subject areas that involve the use of large
volumes of text, such as languages and humanities. These subject areas use the above-
mentioned methodologies to some extent in order to analyze the question and determine
different aspects that could be considered to answer the question fully and in smaller portions.
This could be used to develop the inference squares used in this research. The squares could
be adjusted to include questions related to the specific question rather than the pre-set
guestions proposed here. This strategy would increase the scaffolding needed for classroom
teaching however once the method was familiar to the pupils, the scaffold will hopefully be
removed the thinking style will be present to aid pupils in answering scientific literacy questions.

Another point to consider in further development could be the situation of the pupils within the
class setting. The pupils in the sample data collected were of mixed ability due to the schools
banding system. The data here in the view of further development could be used to compare
the ability of pupils with their current attainment in school. This could also be used to compare
the effectiveness of the methodology when given to varying class ability. This could determine
effectiveness when used to aid any pupil from ALN to MAT] pupils. |
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