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SUMMARY

The commitment to improving scientific literacy is voiced by governments throughout
the world. One of the main objectives is the development of an informed and active
citizenry able to participate in decision-making processes concerning socio-scientific

issues (SSIs).

There is a growing literature which suggests that engaging with the complexity of SSls
demands a high level of critical-thinking skills. These skills include: open-mindedness,
independence, and scepticism. This three-year long study attempted to develop an
intervention which will, in particular, provide subjects with an ability to be more open-
minded, evaluate counter opinions, and respect those holding such opinions.

The importance of developing an ability to value the ‘other’ emerged from years of
teaching academic English within an Israeli university, where initiating fruitful
classroom discussion was problematic. The lack of dialogue resulted from individuals
voicing strongly held opinions and seeming to be unable to acknowledge, and evaluate

opposing views.

This project was designed as an action research study. Both quantitative and qualitative
data was collected, and analysed within an interpretive framework. As both the
researcher and researched, many of my teaching methods were modified during the

course of this study, including the introduction of pair-work in class.

The study was conducted in three cycles over three consecutive years, primarily with
two classes (one humanities and one science) in the pre-academic, mechina, program of
an Israeli university. The mechina is a year-long programme and the students | taught
had a single semester of English. This meant that three different cohorts of students
were studied, (there were always 25-30 students in each class, so about 50 students were
studied each year). The classes I taught were proficient in English, and were required to
do a research project as part of the course. This project became my intervention.

| developed a project based on devil’s advocate which required them to choose an SSI
that interested them, write a statement of their opinion, and then, much to their

astonishment, find evidence to support the counter opinion. | gave a lesson on how to



XV

evaluate sources available on the internet. Although the project was set up as a standard
research exercise, which is what they expected, the majority of students identified that
this project made them more aware of the value of counter opinions — more ‘open-

minded’.

The primary method for collecting feedback on the project, and on other aspects of my
course, utilized a projective technique — students wrote their views anonymously on a
piece of paper; these are then analysed by coding the responses.

This study also employed questionnaires, which were given to all students. These
showed that the majority had little or no science education in high school, and yet
registered high levels of interest in science and technology on a three-level Likert item.
These findings add support to research that shows the more science studied in high
school the lower the interest in the subject. Furthermore, by including a standard
VOSTS (Views On Science-Technology-Society) | was able to show that my students
believed the general public should participate in governmental decisions relating to
SSls. Responses to open-ended questions showed that most students, including those in
the humanities, believed everyone should take science courses at university, and should

have science classes in school (though not the current curriculum).

In conclusion, this research indicated that interest in science was not related to studying
the current school science curriculum. And feedback from the intervention
demonstrated that students could be aware of a change in their cognitive skills, and
independently acknowledge the importance of being open-minded — an important step
towards promoting an active, informed, scientifically literate society.



Chapter One

Introduction

From the place where we are right by Yehuda Amichai (1986)

From the place where we are right
flowers will never grow
in the spring.

The place where we are right
is hard and trampled
like a yard.

In this introductory chapter | will give an overview of my action research in the first
section. A further section will be devoted to the aims and research questions. And the

final section will show how the whole thesis is organised.
1.1 Overview of my action research

There are three subsections here:

1.1.1 Understanding scientific literacy. The difficulty in ascribing meaning to
the term scientific literacy is briefly discussed. The meaning I have adopted is

introduced, and this provides the context of my action research.

1.1.2 The groups of students studied. | briefly introduce the students who

became the focus of this study.
1.1.3 Challenges in the classroom and developing the intervention
1.1.1 Understanding scientific literacy

Ever since my first job as a medical physicist in St Mary's Hospital Paddington | have
been committed to promoting various aspects of scientific literacy. The prime
motivation at that stage was to empower patients so they could become more active
partners in the decisions relating to their healthcare options.

This commitment to improving scientific literacy has continued to be an important
element throughout my working life. And my appointment, ten years ago, at an Israeli
University as a teacher in of academic English in the Department for Pre-Academic



Studies offered a new opportunity to reconsider how I could best improve the scientific
literacy of my students. This became the foundation of my action research.

Although I have freely used the term 'scientific literacy' here it should be noted that
there is no agreed definition in the field of education. And Chapter Three in this thesis
looks closely at the conflict of ideas that have evolved around this term. | shall cover

them briefly here.

The term first appeared in the literature in the late 1950s (Hurd 1958) and has been
widely identified with the goals of science education. The list below gives the guiding
principles in science education identified by the US Government's National Science
Education Standards (National Research Council, 1996, pp. 1-2). These principles
encapsulate what has been adopted in many countries as the fundamental objectives of
scientific literacy.

a) Everyone needs to use scientific information to make choices that arise every
day.

b) Everyone needs to be able to engage intelligently in public discourse and debate
about important issues that involve science and technology.

c) Everyone deserves to share in the excitement and personal fulfilment that can
come from understanding and learning about the natural world.

d) More and more jobs demand advanced skills, requiring that people be able to
learn, reason, think creatively, make decisions and solve problems. An
understanding of science and the process of science contributes in an essential
way to these skills.

e) To keep pace in global markets, the United States needs to have an equally

capable citizenry.

This list presents a considerable challenge to science educators and alludes to many
different definitions of scientific literacy. The response by educators to this collection of
diverse objectives has produced a tension between two approaches. The first regards
school science as the preliminary preparation for a scientific or technical career, and the
second sees the science classroom as having a more general educational purpose. This
latter approach became the focus of those advocating teaching science within its social

context. But even the limited introduction of a science-technology-society (STS)



curriculum drew strong criticism for failing to teach science (Kromhout and Good
1983).

However, even with a growing awareness of the importance of STS content, most
school curricula continue to be heavily knowledge-based because students are subject to
testing. Indeed, the commitment to prescribed standards, with its concomitant
international comparisons, has encouraged teachers to maintain a test-content focus in
the classroom. This has continued despite the fact that "there is considerable evidence,
that although well-intentioned, standards-based education has the potential to inhibit the
autonomy and creativity of classroom teachers and their students” (DeBoer 2000,
p.599).

Lemke in the foreword to Wellington and Osborne’s book Language and Literacy
(2001, p.v) notes that “Too many pupils care less and less for science as a school
subject the more of it they’ve taken.” Another criticism of the current approach of
knowledge-based school curricula rests on findings that this method of instruction is
perhaps directly responsible for the decline in interest in these subjects during
adolescence (Vedder-Weiss and Fortus 2010; Ebenezer and Zoller, 1993). The
importance of critical thinking within the context of scientific literacy is discussed in
Chapter Three.

When developing my intervention my aim was not to increase their scientific
knowledge but to improve some aspect of critical thinking. Targeting students' ability
to think critically is slowly becoming acknowledged as an essential goal for all
educational practice, within school and university. Its importance is, for example,
highlighted in a report from the Association of American Colleges and Universities
(2005, pp.4, 6) which revealed that while 93% of college faculty considered analytical
and critical thinking to be among the most essential skills students can develop, and,
according to their own measures, only 6% of graduates showed proficiency in these
skills. This is further supported by the work of Lujan and DiCarlo (2006) who found
degree courses in physiology overladen with factual material and failing to produce students
capable of critical thinking. Lujan and DiCarlo suggest that “collaborative learning

activities, interactive models, educational games, and establishing a culture of



inquiry/scholarship are critical” in order to develop "life-long skills such as critical

thinking, problem solving, and communication.” (Lujan and Carlo, 2006, p.21)

One of the goals of programmes of scientific literacy is to create an informed citizenry
who can actively participate in decision-making processes relating to socioscientific
issues. Critical thinking skills are of central importance in evaluating argument. For my
intervention | carefully thought about what specific approach | would adopt in the
context of the classroom experience in University pre-academic programme. It became
clear through classroom experience that my students needed to be able to listen to and
respect opinions different from their own. This is widely acknowledged as a critical
thinking skill.

1.1.2. The groups of students studied

Throughout this action research the main focus in each cycle are my students who were
enrolled in the one-year pre-academic (mechina) programme at an Israeli university.
There are three cycles to my action research (2009, 2010 and 2011). Each year is a
different cohort of students. By giving the same questionnaires to all students
throughout this action research | was able to show internal consistency in opinions and

abilities across the years.

It should also be noted here that in the first cycle of my action research, see Chapter 6, |
also collected data from two classes in an Israeli college of engineering. The classes |
worked with were at the highest level (known as level 1) and required a single semester
of English to gain an exemption in the subject. These college of engineering students
were in the first year of their degree studies, and would not be able to get a degree
without having passed the English exam at level 1 (it is passing this exam which gives

them an exemption — a ptor.

The students at the university mechina, my main study population, had elected to take
this one-year of intensive study in order to remedy a school experience that left them
without the necessary qualifications to study at tertiary level. Many of these students
self-identified as drop-outs from school, or came from regions of Israel where the
school system is struggling to provide the basics of education. Others had been in

schools on traditional kibbutzim (agricultural co-operative communities) where



agricultural needs (picking crops etc.) took precedence over formal classroom
schooling. A few had come from the system of democratic schools where students are
autonomous and determine their paths of study. | chose the two top classes who already
had an exemption certificate (ptor) in English and had a good level of the language in

all three modalities (speech, reading, and writing)

These students are a unique population to work with because they do not have good
enough grades from school to get a place at higher education, but are studying within an
academic institution. And the fact that | taught two classes, one in the humanities
stream and the other in the science stream, meant | could also look at differences
between these two streams when investigating interest in, and knowledge of, scientific

issues.

I would throughout this action research be collecting feedback from my students to help
evaluate and direct my teaching methods, and in particular those relating to the

intervention | would introduce and subsequently modify.

There was much in my teaching style that changed during the years of this research. For
example, I moved increasingly towards allowing my students to work in pairs and
encouraging them to do so when working on the term’s project. It was this project that

became my intervention.

This change in teaching style was not only grounded in my observations of my class
dynamic, but was also supported by my reading of the relevant literature. | was
especially influenced by the growing body of evidence (Wallace 1996, Rudduck and
Mclintyre 2007) that shows that student motivation is fostered by increased student
autonomy, with the classroom being a place where students can collaborate and have
control over the pace and nature of learning. Much of this research is situated within the
school classroom but it is important to consider its relevance for teachers in universities
and colleges because it is here that the loss of enthusiasm for studying science,
technology, engineering and mathematics (STEM) is most marked. In the US "fewer
than 40% of students who enter college intending to major in a STEM field complete a
STEM degree"” (President's Council of Advisors on Science and Technology 2012). This

report identified uninspiring teaching as a main demotivating influence and quotes



research (2012, p.11) that demonstrates that “critical thinking skills, long-term retention
of information, and student retention in STEM majors" are all improved by active
teaching methods. These methods include group work, and project work that students

identify as relevant and meaningful.

The intervention | developed was the tool | used to improve the scientific literacy of my
students. And although I knew that improving their knowledge of science was not the
direction | wanted to go in, the exact nature of the interventions took time to formulate.
Even the idea that | wanted to improve their ‘critical thinking' lacked specificity.
However, it was my classroom experience that ultimately enabled me to identify
something that | felt I wanted to try and address.

1.1.3 Challenges of the classroom and developing the intervention

I had taught these groups of students each year since 2005, having moved to Israel in
2004. Arriving in a country that | had only visited for two weeks previously was
challenging in many ways. But as a new arrival | experienced a heightened perception

of the contrasts in my new life and those of the life | had left behind.

In Israel I had several teaching jobs in different institutions of tertiary education, and
was always warned by the head of the department that Israeli students were unruly in
the classroom. Negotiating a relationship with my classes required considerable care
and reflection, especially as | did not want to make tertiary education feel in any way
like an extension of their negative school experience. Fortunately, it only took a year to
find a way to gain control of the class without adopting an authoritarian approach. Most
importantly | allowed them to formulate and justify the rules of behaviour within the

class.

I found that once | was engaged in action research | became more self-analytical of
every aspect of my standard classroom practice. As with all other teachers in the
mechina, | engaged in frontal teaching with students working individually. But it
became clear that students much prefer working in pairs, and indeed work effectively

like this, without the class degenerating into the bedlam we all feared.



However, class control was much more problematic when initiating class discussion,
which is a mainstay of my teaching method. But it didn't take long for them to learn
that only one person would speak so we could all hear what was being said. However,
observing the dynamics of the activity soon revealed that the problem was not about
maintaining some order in the classroom — that was easily done. The problem was the
inability of the students to listen to each other, to acknowledge an idea that conflicted
with their own strongly voiced opinion. This is, of course, not just a problem in the

classroom.

The confrontational style of discussion that was present in the classroom is also found
in Israeli radio phone-in programmes and television shows involving political
discussion.

Students would often point out that their classroom behaviour was no different from that
of the recordings on TV of debates in the Knesset (the Israeli Parliament). Indeed,
research investigating the nature of Israeli debate and its relationship to the methods of
religious debate (Blum-Kulka et al. 2002, p.1583) highlighted the fact that “high levels
of topical involvement can come at the expense of ... interpersonal, dialogic
involvement”. The analysis given of both political discourse and traditional religious
dispute within a yeshiva (an institution of religious study) shows a preference for
disagreement. Furthermore, they note (2002, p. 1576) that “the religious obligation to
study the [Jewish] law is not goal-oriented ... Therefore, there is no incentive for
reaching a particular conclusion, let alone an agreement”. This is seen as the model
influencing Jewish political discussion and does much to explain why “disagreements...
are conversationally favored” rather than normal western expectations for seeking

agreement, (Hutchby and Woolffitt, 1998).

The notion that the conduct of discussion is rooted in cultural norms is further
reinforced by a study where special methods were devised to help Asian students to
engage in critical thinking (Chiu, 2009) because “many of the practices associated in the
West with nurturing critical thinking are alien to the norms of students” from a
Confucian Heritage Culture (CHC). This study engaged with students in an English as
a Foreign Language class in Taiwan, and adopted an approach of ‘shepherd leadership’
as a means of encouraging student participation in a process of critical thinking —

reaching out to students individually to overcome their reluctance to voice opinions



because the CHC “cultivates social harmony, reverence for teachers’ authority and

silence to avoid confrontation” (Chiu, 2009, p.44)

It was clear that | would also have to consider the implications of the cultural
disposition towards argumentation when designing an intervention that would promote
a more critical discourse. In view of the discussion above, my intervention seems to be

more than having an educational aim — it will also challenge a cultural norm.

The development of Western democracies, with their focus on the rights of the
individual and the importance of citizen power, should demote the power and influence
of single ‘authorities’. However, in the Far East and Middle East there remains a
deference for ancestral and contemporary authorities. In Islam, the Imam, and in
Judaism, the Rabbi. The modern day religious authorities have ultimate power over
their followers, and claim their authority by deferring to revered ancestors, often
claiming a direct patrilineal line (or occasionally, among rabbinic families, matrilineal
links). As a Jew, with a great diversity of communal experience, | have some
knowledge of the orthodox authoritarian structures. From Arab friends and students, |
have been able to gain some insight into Muslim socio-religious life, and identify much
commonality with that of Jews — the reverence for religious authority is pervasive in the
Middle East. Also private discussion with Druze, in my class, showed a rigid hierarchy
within their communities which means that their fathers, and communal elders, have
ultimate authority over the decisions of young people, including what professions they
pursue and who they marry. Christian Arabs | have taught, mainly from Nazareth, have
strong patriarchal authoritarian figures within their church and families.

It should be added that in the midst of all this religiosity is a move towards secularism,
especially among young Jews. For those coming from the ultra-orthodox community
this means total separation from their families, who suffer considerable social stigma
when a child goes ‘off the derech’. Derech loosely means ‘The way/path’, but refers to
‘The path that God has laid down for the righteous to follow’. Arab friends who are
secular have a similar experience of being identified as ‘outsiders’ with all the religious
and social disapprobation this brings. However, both secular Jews and Arabs often still
participate in religiously-based events, and remain bonded to family through celebration

and ritual.



This is a great simplification of a complex, multi-ethnic society which forms
contemporary Israel. However, | feel it gives some context to the daily experience of
confrontation and argument at every level of the society. Argument embedded in the
voice of revered authority leaves no room for negotiation, and no room to even
acknowledge the possibility of other opinions. To challenge this norm within the

context of improving critical thinking became a focus of my intervention.

I had the possibility of introducing an intervention because the courses I taught at the
university required me to give the students a project to work on. The design and content
of the project was left up to the individual teacher, but it was assumed that it would
contain a research element, which would include use of the university library databases.
It was understood that it should not be very time-consuming (no more than a couple of

lessons and a couple of homework sessions).

But I knew that | wanted to incorporate an element that would challenge their process of
thinking about contentious issues. As with much of my course | wanted them to
challenge themselves and recognise the inherent danger of assuming we are right. It
would be an intervention that would fulfil some of the requirements of engendering
critical thinking, this is further discussed within the literature review (Chapter 3) and

during the description of my research.

In preparation for the term's project | give a detailed lesson on ways of accessing
information on the internet, and challenging its bias and general validity. Working in
pairs, the students then choose a controversial issue and find supporting evidence for
their opinion. The twist comes when the students are asked to adopt the opposite
opinion and find the evidence to support their ‘new’ opinion. They write a short piece
showing the relevance of this evidence to their new position and give a short
presentation in class. | collected anonymous written feedback from the students to
assess their perception of the purpose of the project and their views, both positive and

negative, on how it impacted on their learning.
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The aims of this project are wholly consistent with the intention of improving scientific
literacy when the definition focuses on the ability to think about issues in a critical and
analytical way, not influenced by "assumptions and prejudice” (Devlin 1998, p.559).
This project evolved out of my role as a teacher-researcher engaged in action research
and is resonant with the underlying principles of the endeavours in that field. Itisan

approach expressed by McKernan (1996, p.53).

The goal is not only to emancipate practitioners but to allow such a strategy to
empower students so that they are emancipated as learners. What this will mean
Is that students take the responsibility for thinking and learning, making rational
choices, and so forth. If the students do not become involved in critical thinking
and inquiry learning while they are at school, then it is highly unlikely that they
will go on 'leaning’ on authorities in their future lives — thus minimizing the
chance of developing as autonomous individuals.

1.2 Aims and Research Questions
This section brings together my overall aims and lists my primary and secondary

research questions.

The primary aim of this research is to address how scientific literacy can be improved
within an Israeli university student population. More specifically I consider whether it is
possible to do this without making major curriculum changes. Instead, I look at the
impact of a modest, self-contained project that targets a single learning outcome. In
order to evaluate the effectiveness of the intervention, I collect qualitative data, analysed

using a method of coding.

This action research project confronts some fundamental questions relating to the
meaning of scientific literacy. It also endeavours to identify and challenge some of my
own preconceptions of my role as teacher, and look more closely at the teacher-student
dynamic with a view to promoting increased student autonomy within an academic

framework.

In the literature review | consider the wide range of meaning given to the term scientific
literacy and try to identify a definition that is appropriate to the focus of this research.

But irrespective of the precise definition of ‘scientific literacy’ that is ultimately
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adopted, my research questions remained relevant. I also include a discussion of critical

thinking within the literature review and show its relevance to my research.

The main research question that this thesis attempts to address is:

How can the scientific literacy of Israeli university students be improved as part
of an advanced academic English programme?

There are several sub-questions which I investigate; the four listed below probe some of
the fundamental assumptions which underpin current global efforts to promote scientific
literacy:

1. How can the term ‘scientific literacy’ be usefully defined in the context of my
action research?

2. How can I endeavour to improve my students’ scientific literacy (within the
meaning | ascribe to scientific literacy)?

3. How do levels of interest towards science and technology among my students

compare with those of similar groups in other countries?

4. 1s the degree of interest in scientific issues associated with the field of studies
students are pursuing at university: specifically, do science students show

more interest than those on a humanities track?

5. Can I collect any data that will contribute to the discussion of the relevance,
or otherwise, of science education in school and its impact on scientific

literacy?

There are several other questions that | will investigate directly with my students, in
order to get their perspective on the intervention and other aspects of my teaching. In
order to implement the intervention effectively | will consider some general aspects of
my teaching methods. Some of the questions I hope to ask students will include:

e What do the students perceive as the learning outcome of the intervention?

e What is the students' overall assessment of this project?

e What are their criticisms and comments on other teaching practices | implement

during the semester? (these might influence the way I implement my

intervention)
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1.3 Thesis Organisation
Following the general overview of my research given in this chapter, the following

chapters focus more closely on all aspects of my research, a synopsis is given below.

Chapter Two: Context of the Research. This chapter gives an overview of the Israeli
education system to help understand the educational structure that my students are part
of. There is detailed information about the classes of students chosen for my action
research.

The chapter also includes a short personal biography helps identify the origin of my
own pre-conceived ideas on education and how these ideas impacted on my formulation

of my research.

Chapter Three: Literature Review. This chapter reviews the literature on scientific
literacy. Throughout the other chapters in this thesis relevant research is cited, but | felt
I needed to explore extensively the different ways the term 'scientific literacy' is
conceptualised. Exploring the ideas on this subject helped me clarify the framework of
my intervention, which became closely associated with ideas in critical thinking.
Therefore, this chapter also includes a section on the literature relating to critical
thinking.

As a teacher-researcher | became more reflective on my teaching style and student
learning styles, this resulted in a review of the literature on constructive alignment,
dialogic talk, and learning theories. Changes made in my teaching style might influence

the way my intervention was implemented.

Chapter Four: Methodology and Methods. This chapter was an enormous challenge
to write. | come from physics and research in allied fields. Researching and writing this
chapter initiated an important change, not only in the way | approached action research,
but in re-evaluating the assumptions underpinning research in the natural sciences.

It became clear that my action research would be carried out within the framework of an
interpretivist approach.

The final section in this chapter explores and critiques different research tools I could
employ in my research. More details on the tools used in my research appear in the

following three chapters.
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Chapter Five: The Research plan. This chapter is an overview of the three years of
my action research project and is a road map for the three action research cycles that
took place in three successive years — 2009, 2010 and 2011. It forms a bridge between
chapter 4 (which discusses the theoretical underpinnings of my action research) and
chapters 5, 6 and 7, which detail the methods and data analysis for each of the three
cycles of my research. A table showing the research done in each cycle accompanies the

relevant section.

Chapter Six: 2009: Preliminary Reconnaissance. The reconnaissance provided me
with the opportunity to explore the level of science education of my students, their level
of interest in science and technology, and attitudes to participation in government
decisions relating to matters with scientific or technological content. Questionnaires
were used to collect data that was computed to generate values for 'Attentiveness' and
an 'Index of Interest’, both of which have a body of international data to compare with.
Although my cohort has a unique profile in socio-cultural terms, international
comparison is interesting to see whether there is a way of contextualising data in this
way. Within this chapter are also my observations and reflections as a teacher-
researcher on several aspects of the classroom dynamic.

Chapter Seven: 2010: Further reconnaissance and piloting the intervention.

This chapter continues the reconnaissance of my students with assessment of their
interest in scientific issues. There is also a description of the criteria that determined the
design of the intervention and the methods used to obtain student feedback. It also
introduces the method used to monitor the success of the intervention — not in terms of a
test scores but in terms of students own personal assessments. Ways that this piloted

intervention could be improved were identified.

Chapter Eight: The Intervention. Basically the same intervention is used, but the
instructions to the students were slightly modified. This chapter describes the
implementation and student responses to my modified intervention. A questionnaire

also explored student attitudes to scientific literacy.
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Chapter Nine: Discussion and Conclusions. This chapter discusses my findings in the
context of my main research question and the four sub-questions that | identify in
Chapter One. | reflect on the changes introduced into my classroom and how these

impacted on my students.

Chapter Ten: Final Reflections. Here | take a brief look back over the path taken
through my research, and identify my contribution to knowledge. There is also
consideration of the limitations of my research design. | have included how I have
implemented what | learnt from research action into other educational settings, and |
have made some suggestions for future avenues of study that might result from my

action research.
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Chapter Two

Context of the research

2.1 Introduction

My research primarily focuses on two classes within an Israeli university's department
for pre-academic studies, known as the mechina. Most universities and colleges in
Israel now have a mechina to provide a route into higher education for post high-school
students who fail to meet the entry requirements to study in an institution of higher

education.

In order to situate my research | have given a brief overview of the Israeli education
system in section 2.2., with sections (2.2.1) on the school system and (2.2.2) on tertiary
education. It is an extraordinarily diverse system which is shaped by the nation's
complex social, economic, and political realities. | have chosen to describe briefly some
of the factors that impact on the cohort of students | have chosen for this action

research.

In section 2.3 | elaborate on the reasons for selecting my mechina classes for this
research. | have also included here some general research | did to improve my
understanding of my students, which was especially important as | was a new arrival in

Israel and needed to grasp aspects of the socio-cultural environment | was working in.

In section 2.4, | give a brief, selective, personal biography to help contextualise this
research as part of my own continuing professional development. I also hope that this
background information will help identify some of the things which have influenced my

research, and helped me get a better understanding of my students.

2.2 The Israeli education system

2.2.1 School system

The Israeli education system consists of three tiers: primary education (grades 1-6,
approx. ages 6-12), middle school (grades 7-9, approx. ages 12-15) and high

school (grades 10-12, approx. ages 15-18). School attendance is free and mandatory
from the age of 6-18; some students embark at the age of 16 on vocational studies with

apprenticeships. School is usually followed, for Jewish Israelis, by 3 years in the army,


https://en.wikipedia.org/wiki/Primary_education
https://en.wikipedia.org/wiki/Middle_school
https://en.wikipedia.org/wiki/High_school
https://en.wikipedia.org/wiki/High_school
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or a year and a half in the national volunteer service (where young people can for
example be trained and work as paramedics, nursing assistants, classroom assistants).
From Israel's Ministry of Foreign Affairs website there is a brief description of the
structure of the education system:

The multi-cultural nature of Israel's society is accommodated within the
framework of the education system. Accordingly, schools are divided into four
groups: state schools, attended by the majority of pupils; state religious schools,
which emphasize Jewish studies, tradition, and observance; Arab and Druze
schools, with instruction in Arabic and special focus on Arab and Druze history,
religion, and culture; and private schools, which operate under various religious
and international auspices.

In the final two years at school, matriculation exams (bagruyot) are taken in a set of
core subjects:

e Hebrew Bible or the Scriptures of Christianity or Islam, in the relevant sectors of
the population

e Language
e Hebrew or Arabic grammar
e Hebrew or Arabic composition

o English language (written and oral)

e Mathematics

e Civics

« World History

e Hebrew/Arab literature

o At least one elective, such as geography, physics, chemistry, biology, computer
science, Arabic, French, social sciences, music, art etc.

e Physical Education

These subjects can be taken at different levels (3 point, 4 point, or 5 point). Students
need to pass the exams and accrue 21 points in order to get a certificate of matriculation.
In 2013, 48% of Hebrew speakers (not including the ultra-religious Haredim) and 38%
of Arabs received a certificate of matriculation. The certificate is one prerequisite to
getting a place in tertiary education. High scores on psychometric exams (in

mathematics, verbal reasoning and the English language) are also required.

Israel has been a member of the OECD since 2010 and now implements PISA exams
for direct international comparisons of performance of school children. The results are
poor. In the 2012 PISA exams, out of 70 OECD countries, Israel ranked 40th in math,
33rd in reading and 40th in science. But scores in mathematics showed some
improvement over previous years' tests — perhaps as a result of teachers better preparing

their students for these exames.
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Test results continue to be the benchmark of success in education and the number of
exams inflicted on school children varies according to the education policy of the
Minister of Education. At tertiary level student testing is obsessive with termly exams in
every topic covered. There is also always the option of retaking an exam, the Moed Bet,
to edge the student’s already inflated grade closer to 100%.

The most widespread complaint about education in Israel focusses on the highly
disordered state of the school classroom. Lessons resemble riot control, and both
students and their parents have no respect for teachers. Failure of the student is only
attributed to failure by the teacher. Teachers are poorly paid and much abused. Teacher
training colleges are highly variable in the quality of teachers they launch into schools,
and there is a severe shortage of teachers in all subjects because few are attracted into

the profession.

Although teachers' salaries are well under half of the OECD average, Israel's investment
in education is roughly in-line with average OECD figures and there have been per
capita increases over recent years. According to Ben-David (2010, p.78) increased
expenditure has not brought improvement in test scores, and maintains that this has
been observed worldwide:

The lack of an ability to utilize increased education spending for systemic
improvements is not unique to Israel. Focusing on five European countries
(Belgium, France, Germany, Italy, and the United Kingdom) as well as on
Japan, Australia and New Zealand, McKinsey (2007) shows that substantial
increases in real education expenditures per pupil were accompanied by almost
no changes at all — just minute positive and negative changes — in student
achievements. ..

This raises many important educational issues. It certainly challenges the fundamental
premise that more investment has positive outcomes in terms of test scores. Surely some
of the questions we should be asking are about how money can be best spent, and, more
basically, what should be defined as desirable outcomes? These questions become all
the more important in light of recent research which shows students become
increasingly disaffected with a subject as they progress through years of school study
(see overview by Osborne et al. 2003). An Israeli study compares student motivation in
science classes in regular state schools with that in democratic schools where students
have complete freedom about what they study. Vedder and Fortus (2010) chart a

marked decline in all parameters relating to motivation in traditional teaching, whereas
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the autonomous students within democratic schools retain their motivation. My research

is, at its most fundamental, concerned with this issue.

2.2.2 Tertiary education
At the higher level of education there are seven universities, the Open University, 29
academic colleges, and 26 colleges of education. It is at this level that the education
system is most successful.
An overview of the standing of tertiary education in Israel is given by the OECD report
(2014):
A high level of education is particularly common in Israel. The country ranks
fourth among OECD countries for tertiary attainment among 25-64 year-olds:
46% of adults held a tertiary degree in 2012 compared with 33% on average for
OECD countries. In contrast, only 15% of 25-64 year-olds have not attained
upper secondary education, compared with 24% on average for the OECD. This
statement holds true especially among the older generations. Almost twice as
many Israeli 55- 64 year-olds held a tertiary education degree than the average
for OECD countries (47% compared with 25%). Unusually, holding a tertiary
education degree is more common among this age group than in the younger
generations in Israel: 47% of 55-64 year-olds have a tertiary degree, compared
with 45% of 25-34 year-olds. Generally, in other OECD countries more young
people have attained a tertiary degree than those in the older age group. (OECD,
2014).
For data on students in tertiary education, the latest figures | could access were from the
Central Bureau of Statistics for the academic year 2007/2008 (Central Bureau of
Statistics 2009). The data showed that around 74,000 students applied to study for a
first degree with approximately half applying to universities and half to colleges. About
60% were accepted and commenced studying, 15% were accepted but didn't begin their
studies, and 25% were rejected. (These figures exclude those students who study at the
Open University and those at teacher training colleges). Of those entering higher
education, 83% were Jews and 13% were Arabs (In the population as a whole the
religious make-up is: 75.4% Jewish, 17.3% Muslim, 2% Christian, 1.6% Druze and
3.7% others. | have given the percentages by religious affiliation as this is very defining
in Israel and is more meaningful than the simple two group designation of Arabs and
Jews. Of the Jewish population 70% are Israeli born, 30% are immigrants.
Other interesting data includes the fact that Israeli students tend to be older with the

average age of all first year students at about 23. And the gender distribution among
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Jewish students is male, 46% and female, 54%; in the Arab population the figures were

67% to 33% respectively.

According to a detailed and informative government report on pluralism in higher
education in Israel, (Shaviv et al. 2013), the number of students entering a pre-academic
programme in the academic year 2010/2011 was 12,250. About half of them move on to
study for a first degree at a university or a college. But only 6% are Arab, and that is
certainly true within the university mechina where | taught. Research quoted in this
report identified several reasons for the low uptake in the Arab sector. | have
paraphrased his conclusions below and added my own comment in italics.

e Lack of awareness of the option of pre-academic preparatory programmes.

e Negative reputation: preparatory programmes are seen as intended for weak
students, who are later tagged in their home communities as less successful than
the rest of the students who graduated on time. (Not an attitude in Jewish Israeli
society).

e The teaching method in the preparatory programmes, which is the same as in
academic programmes, results in a high dropout rate. The Arab school sector
primarily teaches information-based learning, and a respect for authority.

e Financial cost: although most Arab students are eligible for funding, studying
for a year meant the loss of wages for that year. And often the location of their
home town means that they will have to move to dorms for mechina studies, yet
another financial burden.

However, the report notes the success of recent initiatives to set up pre-academic
courses specifically designed to help Arab students acquire study skills, and improve
their Hebrew and English. It should be noted that for Arab students English is a fourth
language (spoken Arabic, classical Arabic for reading literature, and Hebrew are the
first three). Such programmes are being integrated into the mechinot of academic
colleges and members of staff are visiting local Arab schools to encourage students to
follow this option. Additional counselling support is being offered in the institutions
with these programmes. It should be noted that having trained counsellors available to
students is an integral part of the education system in Israel. Most schools have a
dedicated counsellor and in university mechina we have two full-time counsellors

available to our 400 students.

Students at the university’s mechina fall into four groups:

e About 20% are sponsored by the army. These students are only 18 years old and
usually come from socially, economically and educationally disadvantaged
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communities but have been identified through psychometric testing as having
academic potential. They include students from Ethiopian and Druze
communities, and also students who come from the periphery of Israel where
education standards are especially low. If successful in the mechina the army
will fund their first degree studies (in STEM subjects or medicine) and then
employ them when they have completed their studies.

e There are some students who want to improve their grades so that they have a
better chance of being accepted into medical school where the number of
applications can be up to five times the number of places available.

e Many students have failed in the bagruyot at school and need improvements in
grades to get a place to study for a degree.

e A small group of students were school dropouts and had done all sorts of other
jobs before deciding they want to study for a degree.

2.3 Why mechina students were chosen for this study.

In this section | explain why my mechina students were a really interesting group to
study for my action research. The students selected were in two classes that | teach
English for Academic Purposes (EAP).

Students in the mechina are divided into five levels of English proficiency. The
standardised psychometric score in English determines which level class students are
assigned to when they enter the mechina. Students who gain more than 132 points in
this exam are given an exemption from English — they are known as ptor (exempted)
students. Those with lower scores are divided into four levels according to the points

awarded in the psychometric.

Each course consisted of two 90-minute lessons throughout one 13-week semester. It
was a high level EAP course with many challenging texts (which | chose) across a wide
range of subjects. Both classes had one mechina exam in English at the end of the first
semester which included some grammar questions, and a few lessons were devoted to
preparing them for this exam. The science students averaged about 96% in this exam
and the humanities class had a class average of about 94%. The whole mechina takes
this exam but it is the ptor students who shine — those attempting to enter medical

school will need at least 98% on this exam.

Since 2005, when | began teaching at the mechina, | taught ptor students, as well as
students in two top levels who had not gained a ptor. | also taught English for

Academic Purposes in several other academic colleges in Israel. But it was my ptor
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students who seemed the best group for me to work with. Firstly, these students had
excellent English and | wanted them to be able to work with information on the internet
and academic material — all available primarily in English. Secondly, | taught two
parallel classes: a science stream and a humanities stream. This would allow me to
compare these two groups of students. And thirdly, typical of most mechina students,
they have a poor educational record and minimal, if any, teaching in science at high
school.

There is always an issue over poor class discipline among Israeli students which | want
to briefly address here. Even before I entered my first classroom at the university | was
warned that Israeli students are hard to control and | must be strict from the first
encounter or all would be lost. It was good advice, but I would want to add that once
the ground rules are laid the student-teacher relationship, regardless of whether the
students are Arab, Christian or Jewish, quickly becomes deep and sensitive. Rules of the
classroom were tempered with understanding about the range of difficulties students
were experiencing in their private lives. These difficulties would mean they were unable
to concentrate within the classroom, had to miss classes, and completed assignments
weeks late. Making myself available for one-on-one time with students throughout each
teaching day was essential. These were not designated office hours. If I was in the
teacher’s room, or seen anywhere around the mechina I was always available. I did not

give my cell phone number to students but they could contact me via email.

2.4 A brief personal biography

There are various elements of my life that make this action research especially
important to me. 1 would like to outline them briefly here.

My first degrees were in physics and following research, | began my working life as a
medical physicist at St Mary's Hospital, Paddington, London. | was shocked by my
encounters with patients who felt that the process of diagnosis and the ensuing treatment
was something beyond their understanding. The doctors remained aloof and the
patients uninformed. 1 felt that some scientific knowledge would empower these
patients to become partners with the clinicians treating them.
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| left the hospital to become a science journalist. | joined the editorial team of a US
company publishing material for the international pharmaceutical industry. I wrote and
edited a weekly newsletter about developments that affected pharmaceutical companies.
A close encounter with the drug industry showed that it was only concerned with
financial success; patient welfare was only important because it could impact on the
bottom line. Their responsibilities of supplying patient information were driven by the
necessity to comply only with minimal government regulations, and they kept
information on drugs veiled in esoteric language. This situation has deteriorated further

as drug information has moved to the internet (Schommer and Glinert 2014).

| left and joined the Science Unit at the BBC World Service as a producer and
scriptwriter for science programmes. These were interesting years but also brought
some upsetting insights. In this job | was endlessly shocked by the misreporting of
scientific and medical discoveries in the popular press — especially in medicine where
the results of research were distorted to give a great headline. For the average reader
newspapers and news in general has the status of authority. Even more disturbing was
the fact that many of the scientists were compliant with the hyped misreporting because

it was what suited their funders' objectives.

These were some of the contributing factors that led me to believe that the general
public needed to be empowered to ask meaningful and challenging questions on those
scientific matters that directly impact on their lives. And at a more global level, the
public needs to be an active citizenry with a voice that can influence government

decisions on many controversial issues that shape the society we live in.

I went on to write several books on popular science designed to promote wonder and
interest among adolescents. | then set up my own publishing company, New Look
Books. | wrote and published a series of books designed to entice and fascinate young
children in a world of learning. Another series that | translated from Italian, and then
published, called Never Ending Stories, were designed to challenge young readers in an
imaginative way. | still work as a science journalist, for the Israeli university where |
teach. | write about the scientific achievements of the university and believe that no
matter how complex the scientific ideas there are meaningful and informative ways of

communicating them to a lay population.
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In the education of my own three sons | tried to adopt an open and enriching
environment. | had, since my own school experience, been deeply disturbed by the
content and approach of school education and decided to home-school my sons to
varying degrees. The two youngest never entered a traditional school. They all have
university degrees (Chinese, microbiology, music) and continue to be highly creative,

open-minded thinkers.

In 2004 1 moved to Israel to teach English in both the Arab and Jewish sectors of the
society. | deal with my experience as a teacher in Israel throughout this thesis as it is
closely woven with the development of my action research. I have found myself
challenging my embedded assumptions about every aspect of my teaching. I have tried
to deal with issues such as: how I can improve the learning experience for my students;
how to keep informed of students' classroom experience; what learning outcomes can
better equip my students for a role of as active, participatory citizens. My intervention
enabled me to develop a simple project that could meet some of my objectives and

opened the way to further investigation.
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Chapter Three

Literature review

3.1 Introduction

Much of his chapter closely follows the evolution of my thinking on the subject of
scientific literacy. It is laid out in the order in which I read and critiqued the literature.
The chapter includes a final section where | critique the literature on dialogic talk,
critical thinking, and theories of learning. This review is far ranging and gave me the
opportunity not only to evaluate the current understanding of the term ‘scientific
literacy’, but also to meet ideas on the value of dialogue in teaching practice, and some
important ideas in understanding teacher/student education.

The sections on scientific literacy provided me with a wide perspective on how the term
scientific literacy is used, and led me to reject current views that focus primarily on the
acquisition of scientific knowledge. | found the discussion of the conceptualization of
scientific literacy formulated by sociological researchers compelling. This resulted in
my formulating an intervention based on the investigation of a socioscientific issue.
And furthermore, the literature helped me recognise the importance for students to

select a topic of particular interest to them.

There is a complexity in this thesis because it also contains a development in my own
understanding of how the term scientific literacy can best be interpreted in the context
of the educational environment in which | teach. Each stage of my developing
understanding is followed in each section within this chapter. It is an attempt to capture
the reflexive process that | engaged in during my reading of the literature. However,
once | embarked on the research my findings and experience initiated further reading,

especially in the field of critical thinking, and this is also included here.

The literature on critical thinking highlighted the importance of attempting to focus on
certain basic skills so that students were able to critically evaluate arguments. | had
already observed the difficulty students had in participating in discussion in a
meaningful way and found analysis of this phenomenon in the literature (see section

1.1.3). Consideration of the literature led to my developing an intervention loosely
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based on ‘devil’s advocate’. The details of which are discussed in the chapters on the

interventions introduced during my action research cycles.

My reading on the literature on critical thinking and theories of learning, appear in the
final sections of this chapter. This follows the model of the construction of the thesis as
a whole, which is an attempt to reconstruct the chronologically development both in my
practice and thinking.

3.2 The normative view

The term 'scientific literacy' is problematic because it does not have a single definition
that is widely accepted. However, the term has been generally conceptualised within a
definition of ‘civic scientific literacy' which primarily emphasises the importance of the
understanding of the vocabulary and the processes of science (Miller 1997). It s this
knowledge-based definition that forms the basis of much of the international testing.
Yet by every measure, public surveys show ignorance of basic scientific knowledge (for
example: Ziman 1991; Durant 1989; Miller 1997, 2006). The public is therefore
deemed scientifically illiterate. Despite this general consensus that scientifically literacy
is desirable and that the public doesn’t measure up, there still remain fundamental

problems in the conceptualization of the term 'scientific literacy'.

This section looks at what has become the normative understanding of the term, mainly
due to the work of Miller (1983, 1997) and also looks at other interpretations which are
more useful to the approach | am adopting in my research. The conceptualization of
scientific literacy necessarily determines the methodology and methods employed in
assessment. Furthermore, it is this understanding that guides the form of appropriate

interventions.

The currently accepted definition of scientific literacy owes much to the work, over
forty years ago, of Shen (1975). He suggested that the public understanding of science
could be divided into three categories: practical scientific literacy; cultural scientific

literacy; and civic scientific literacy. Shen wrote:

Familiarity with science and awareness of its implications are not the same as
the acquisition of scientific information for the solution of practical problems. In
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this respect civic science literacy differs fundamentally from practical science
literacy, although there are areas where the two inevitably overlap. Compared
with practical science literacy, the achievement of a functional level of civic
science literacy is a more protracted endeavor. Yet, it is a job that sooner or later
must be done, for as time goes on human events will become even more
entwined in science, and science-related public issues in the future can only
increase in number and in importance. Civic science literacy is a cornerstone of
informed public policy. (Shen 1975, p.49)

The term ‘civic scientific literacy' has subsequently been widely adopted, notably by
those who attempt to quantify the level of scientific literacy within different countries
and use the data comparatively. At the forefront of this work is that of Miller (1983)
who suggested that civic scientific literacy should be conceptualised in terms of three

related dimensions:

(1) a vocabulary of basic scientific constructs sufficient to read competing
views in a newspaper or magazine, (2) an understanding of the process or nature
of scientific inquiry, and (3) some level of understanding of the impact of
science and technology on individuals and on society.

Miller (1997) noted that the third dimension, which focuses on utilizing the social
impact of science in conceptualizing civic scientific literacy, has remained a subject of
disagreement among those working in the field and so he resorted to only using the first
two dimensions for cross-national analysis (Miller 1997, 1998). And yet it is perhaps
this third dimension that is the most important aspect of scientific literacy when
considering the role of literacy as empowerment within a democracy. It is interesting to
note here that Shen’s initial concern with the “awareness of implications” has not
generally been carried forward by those working and testing in the field. It may be its
somewhat abstract nature that has proven problematic in quantitative research, but this

makes it more appropriate to use qualitative methods.

3.3 Assessments based on the normative view

Miller was concerned to construct a means of assessing civic literacy which would have
“durability” and not become out of date as scientific issues changed. To this end he
selected a set of basic constructs that were perceived to be the “intellectual foundation

for reading and understanding contemporary issues, but which will have a longer
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durability than specific terms.” (Miller 1998, p.206). These so-called basic constructs
have formed the core of almost all recent surveys.

A similar instrument used in the UK, sometimes known as the Oxford Survey (Durant et
al. 1991) included items that overlapped with Miller’s US national survey. The general
conclusions had much in common, especially with regard to measures of basic scientific
knowledge (Evans 1990). There have been similar surveys with comparable results in
Australia (Schibeci 1990). Schibeci raised the question about whether we should be
concerned about the observed, and universal, lack of scientific knowledge among adults.
He concurred with Lucas (1987) that if we wish to develop a community with “a
sympathetic understanding of the scientific world view, then we need to increase the
level of knowledge in the adult population beyond that which currently exists.” This
belief in a link is between scientific knowledge and a “sympathetic scientific world
view” is challenged by the work of Evans and Layton (1995) and is expanded on in

section 3.7 below.

Over the years Miller has maintained a constant core of scientific constructs but has
included recent developments in science and technology, for example “Miller’s 2003,
2004, and 2005 studies of the American public have included new open-ended measures
of stem-cell, nanotechnology, neuron, genomic, and neuroscience and new close-ended
knowledge items concerning the genetic modification of plants and animals,

nanotechnology, ecology, and infectious diseases.” (Miller 2006).

Laugksch and Spargo (1996) extended Miller’s work and derived a pool of 472 true-
false items based on the American Association for the Advancement of Science’s
(AAAS) Project 2061°s publication Science for all Americans (Rutherford 1990).
Project 2061, was first initiated in 1985, with the objective of identifying what was
needed to make all Americans scientifically literate and is primarily focused on the
needs of science education. For more information on Project 2061 see Laugksch (2000,
pp.78-80).

Laugksch’s Test of Basic Scientific Literacy (TBSL) consists of 110 test-items selected
from the pool of 472 (Laugksch and Spargo 1996). It should be noted that the TBSL

differs from Miller’s testing by including 16 items that explore Miller’s third dimension
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of scientific literacy, namely: the impact of science and technology on society, thereby
returning to Shen’s (1975) statement on the conceptualization of civic scientific literacy
(quoted above). (Inthe TBSL 22 items focus on the nature of science and 72 on
science content knowledge). The TBSL was specifically designed for high-school
leavers in South Africa going on to tertiary education. It was based on the goals
recommended in Science for All Americans (AAAS 1989). | am grateful to Laugksch
for providing me with the complete TBSL and giving permission to use it. However, the
100 questions make it a very long test and it has not been generally adopted. | decided
to employ a widely used standard-test that only had ten questions. This test is further
discussed in Chapter 6 and the results from test given internationally are shown in Table
6.9 in that chapter. This gave me the means of comparing scientific knowledge of my
students with those at various levels of education in the U.S. This, and other
international comparisons in this thesis, enable me to challenge the idea that scientific
knowledge, and scientific interest, are primarily derived from studying science in
school. These comparisons allow me to raise questions that perhaps should be further

researched.

3.4 Complexities in conceptualization of scientific literacy

The complexity of conceptualizing “scientific literacy” becomes especially clear when
methods for communicating science to the public are discussed (Silverstone 1991). Here
Silverstone challenges four main assumptions that emerge from the literature in the
field:

1. There is no such thing as the communication of science. Neither science nor the
media environment is a unified phenomenon. Scientists disagree; the media
present different accounts; receivers of scientific communication interpret each
set of them in different ways, which may result in distinct, even disjointed,
understandings.

2. There is no such thing as the public. There are many publics for science: the
specialist and the lay, the interested and the disinterested, the powerful and the
powerless; young and old; male and female. While these publics will share
much, they will also understand or misunderstand, remember or forget, in
different ways.

3. In the modern communication environment, science cannot claim any
privileged status... The knowledge claims of science will not necessarily (nor
even very often) float to the surface of media, professional, or public
understanding of the world.
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4. The omnipresence of the media does not equal omnipotence. ... Local
knowledge, practical understanding, common sense: these can translate,
transform, or resist scientific communication. (Silverstone 1991, p.106).

These assumptions, while acknowledging the diversity and the interests of the target
audience, make it clear that any simplistic conceptualization of scientific literacy is
profoundly flawed. It is essential to identify the limits of meaning and relevance of any

conceptualization.

Fundamental questions in formulating a useful literacy concept could include: what
motivates people to seek scientific knowledge, and how do they relate this information
to everyday experience? It was these questions which were at the heart of the projects
initiated to explore the relationships between members of the public and those
individuals and organizations which represent the world of science (Wynne 1991). The
answers could guide us to what sort of scientific literacy people themselves would
perceive as useful. It seems extraordinary that the dominant normative descriptions of
civic scientific literacy and the methods of assessment fail to acknowledge what people
surveyed actually regard as useful or interesting. The notion that knowledge can be
imposed where neither usefulness nor interest are considered might do much to explain
the failure of institutions, both governmental and educational, to improve ‘civic
scientific literacy' even by their own measures. Indeed, Wynne himself notes that his
research “indicates that the current institutional structures within which science is
organised and projected may be part of the problem in public understanding and uptake
of science” and that there is a basic assumption that science is “unitary and coherent”
and 1s “central to everyday beliefs and practices” and that ignorance “indicates a deficit

of democratic capability”. (Wynne 1991, p.112)

The papers by Ziman (1991), Silverstone (1991) and Wynne (1991) cover the findings
of a series of projects initiated by the UK Science Policy Support Group, a research
initiative sponsored by the UK Economic and Social Research Council (ESRC) and the

Advisory Board for the Research Councils.

Ziman (1991, pp.101-102) clarified some of the broad principles that emerged from this

series of research projects. | include them here because of their importance to anyone
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working in this field and should form an essential part of any conceptualization of
scientific literacy, its assessment and resultant interventions.

Incoherence. People do not draw on stable, if fragmented or ill-conceived,
“models” of the world, along the lines of textbook accounts of scientific
knowledge. The little they retain of what they were taught at school is overlain
and supplemented by the diverse representations of science that they meet in the
media and in many other aspects of life. What they pick up is not simply a
filtered version of formal scientific knowledge: its meaning is actively
constructed by the processes and circumstances under which it is communicated
and received.

Inadequacy. The use that people make of formal knowledge in any particular
situation depends on the needs of the moment and represents only one element
in a complex and varied response. They not only rely heavily on the tacit,
uncodified, but highly expert and rational knowledge that is shared in most work
communities: they also engage with, select, or construct the scientific elements
according to their own interests, involvement, personal and social histories, and
other circumstances.

Incredibility. People do not accept passively the knowledge presented to them
by scientific “experts”. The credibility of a source depends strongly on its
perceived interests in a particular context. This applies to individual scientists,
scientific institutions, public bodies, and private enterprises.

Inconsistency. Public conflicts on social issues between scientific experts
inevitably downgrade the privileged position of scientific knowledge. But public
and private discussion helps people combine their scientific knowledge, ethical
views, and tacit understanding of life into personal positions on controversial
matters. In effect, they resolve the contradictions that arise by incorporating
items of formal science into the whole knowledge complex and making them
“disappear” as such.

These conclusions direct us towards the value of qualitative methods of assessing
scientific literacy, and cast doubt on the value of the cross-national surveys based on the

deficit model of scientific literacy.

It is interesting to include here a specific illustrative example cited by Wynne (1991) to
show the difficulty of measuring scientific understanding in a standardised way. It arose

from the Bradford project on familial hypocholesteremia.
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The standard question, used in a national public understanding of science
survey, asked whether eating a lot of animal fats can contribute to heart disease.
The public involved with familial hypercholesterolemia operates with a more
sophisticated distinction of saturated, mono-, and polyunsaturated fats. Thus the
binary animal/nonanimal-fat distinction was insufficient for this part of the
public. The qualitative and interpretive approaches thus allow insights that are
excluded by standardized questions and analytical methods, especially
concerning the complexities of beliefs, understandings, and responses.

There is considerable evidence of the highly specialised knowledge of local
communities which can have significant influence on the ecological well-being of those
localities. The research of Chhatre and Agrawal (2009) has shown that, contrary to
prevailing official doctrine, carbon sequestration increases when forest ownership is
transferred from governments to communities. These findings cast serious doubt on the
UN’s plan to pay governments to protect forests. It is feared that this UN policy will
result in local communities losing control of their forests with an accompanying
negative impact on carbon emissions and forest preservation. This suggests that there is

much to be learned here from interested communities with local knowledge.

3.5 Scientific awareness and not scientific literacy

The essential role of “scientific awareness” was highlighted in a brief paper by Keith
Devlin (1998).

I think it is pointless to define scientific literacy in terms of any particular body
of scientific knowledge. I neither know nor understand most of present day
science. And yet | am a dean of science at a private four-year college, an active
researcher, and the author of several mathematics textbooks and science books
for the general reader.... In fact hardly any of us is sufficiently well informed to
be able to reach a sustainable, independent conclusion on a single scientific
issue, whether it is global warming, ozone depletion, or genetic engineering.
(Devlin 1998, p. 559)

But Devlin doesn’t despair, he maintains that all adults should be scientifically aware
and should

base their opinion on fact and observable evidence rather than on prejudice or
assumptions; they should be willing to change their opinions based on new
evidence, understand cause and effect relationships, and appreciate how science
is done — in particular understand the role played by observation and experiment
in establishing scientific conclusion and they should know what the words
“scientific theory” and “scientific fact” mean. (Devlin 1998, p. 560)
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Devlin notes that not even graduates, or college professors, who have taken science
courses, meet these standards of scientific awareness. But his description of scientific
awareness fails to incorporate “awareness” of the social context of science, which
includes not only public perception of science but also the impact of social
considerations on the production of scientific knowledge. He does however make an
important shift away from evaluating scientific knowledge to considering assessment of

some of the basic scientific principles which underpin all scientific research.

This opinion has echoes of that expressed by Shamos (Shamos 1995). In this book the
history of interest in scientific literacy is carefully documented. This well-respected
professor of physics and science educator also identifies three levels of scientific
literacy: cultural, functional and true scientific literacy. It is only the last form that he
regards as conferring the essential highly specialised knowledge that is needed to
participate in the process of scientific decision making. But for Shamos this can only be
done by the experts. His view is rooted in his disillusionment in the whole process of
promoting scientific literacy. He identifies the failure to have some sort of agreement
on what scientific literacy actually means. And he points out that despite many
educational programmes there has been a total failure to promote even low levels of
scientific literacy in the American population. He is especially disturbed by the fact that
much of the population actually identify themselves as having scientific and
technological knowledge, but basic testing shows this faith in themselves is totally
misplaced! For example, (p. 74) he cites a study in Denmark where 89% thought
themselves well informed on biotechnology, but in fact in a test on the subject 89%

“failed completely”. Comparable figures are given for the US.

Shamos feels it impossible to improve current levels of American scientific literacy,
which stand at 5%. However, there is a real logical chasm in his argument. On the one
hand he accepts there is no satisfactory definition of scientific literacy, and therefore, |
would argue, it follows that the methods of assessing levels of scientific literacy are
flawed. And yet he uses this data to demonstrate a failure in increasing the levels of
scientific literacy — all of this based of definitions of scientific literacy that he rejects.
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However, he does suggest that the situation can be remedied by focusing on technology
and increasing “scientific awareness” with a syllabus that would focus on the meaning
of scientific “facts” and “truths”, the method of scientific experimentation and some
understanding of the importance of statistics. He has been widely criticised in the
scientific academic community for demoting the importance of learning science
(Wolpert 1995). And I believe that scientific 'facts' and 'truths' might not so easily be
defined as Shamos seems to think — except for some trivial items.

Shamos’ work does help clarify the problems defining scientific literacy and then
constructing a curriculum to fulfil the requirements of meeting the constructed
definition. Aims and goals need to be more carefully considered. I can’t help but
wonder that if 89% of Danes felt themselves to be well-informed in bio-technology, as
Shamos quoted, did at least feel connected and interested in the subject, which is in
itself highly significant. Perhaps the testing of some form of absolute knowledge was
misplaced!

The focus on 'science awareness' is also seen as an important element in developing a
means of assessing scientific literacy in China (Chen 2009). Chen identifies Miller’s
methods based on the deficit model as culturally inappropriate for China.

Chen presents the definition of scientific literacy as formulated by the State Council of
the People’s Republic of China:

Citizens must have the ability to understand the necessary knowledge of science
and technology, to know basic scientific methods, to keep thinking scientifically,
to advocate scientific spirit, to use the above in making decisions in personal life
and to participate in public affairs involving science and technology (Chen 2009,
p611).

He points out that the term 'keep thinking scientifically' was subsequently replaced by
‘'scientific awareness', and that this term, and the reference to “advocating a scientific
spirit”, are much more abstract and less easily quantified than those found in
Miller(1998) and in the OECD’s Programme for International Student Assessment,
PISA (OECD 2000).

The OECD PISA programme explains its remit as follows:
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Avre students well prepared for future challenges? Can they analyse, reason and
communicate effectively? Do they have the capacity to continue learning
throughout life? The OECD Programme for International Student Assessment
(PISA) answers these questions and more, through its surveys of 15-year-olds in
the principal industrialised countries. Every three years, it assesses how far
students near the end of compulsory education have acquired some of the
knowledge and skills essential for full participation in society. (OECD 2000).

Chen (2009) divides scientific literacy into three dimensions but stresses that in China
where the level of scientific knowledge is low, it is perhaps most important to target
instilling scientific awareness.
a) scientific knowledge including basic scientific terms, concepts and processes;
b) scientific awareness meaning appreciating science, explaining natural and
social phenomena by scientific rationales rather than supernaturalism, arguing
with superstitions, and understanding the impact of science on society and
individual life;
c) scientific abilities to use scientific and technological knowledge and methods
in personal and public decision-making involving science, and to conduct

innovation activities.

I wrote to Chen requesting a copy of the questionnaire but his research group declined
to give permission for me to have a copy. The article did reference a few of the
questions including a section which directly looked at superstitious belief. The
eradication of superstitious belief was seen as important in establishing scientific
literacy. This raised an interesting question about the influence of religious and
superstitious belief on the assessment of scientific literacy among my own students. In
my own investigations I should perhaps consider how different belief systems might

impact on the answers students recorded.

3.6 Different interest groups

Another means of identifying different interpretations of scientific literacy is to consider
how different interest groups approach the subject. Laugksch identified three basic
groups: sociological researchers; public opinion researchers; and science educators.
(Laugksch 2000)
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Taking Laugksch’s classification I have drawn on other sources to expand on the

interpretation of the values and commitments of each group.

a) Sociological researchers. In this field researchers recognise that the general public
has life experiences and real personal interest which connect them to specific scientific
matters. Layton et al. (1993, p.46) cite specific case studies where the knowledge of a
specific group was better, in the sense of more useful, than that offered by professionals,
for example: parents of children with Down’s syndrome, and a case study concerning
toxic water disposal revealed that “some of the local population appeared to possess a
deeper understanding of the changing patterns of underground water courses than
technical experts who came to solve the problem.” (Layton et al. 1993, p.47).

Layton et al. do not overstate the value of lay knowledge but are identifying a
partnership in the acquisition of scientific literacy where the needs of the audience are
considered. Their concluding comments include the statement that:

if science is to be returned to the people to assist their empowerment in relation
to problems with a science dimension, then it will need to be structured in ways
that relate to the interests of specific groups of adult.

Furthermore, Layton et al. (1993) cite the work of Chavis et al. (1983) with reference to
the acquisition of functional scientific literacies and note that there is an obligation for
“a reconsideration of the tensions between the needs, methods and values of scientists

and citizens” (Chavis, Stucky and Wandersman 1983, p.424).

Sociological research of scientific literacy within this conceptualization necessarily
focuses on identifying people’s existing understanding of scientific issues. It should be
“context related” and is termed “science for specific social purposes”, SSSP (Layton et
al. 1993) It must relate to specific issues and uses qualitative methods for obtaining
information including case studies, interviews and questionnaires (Wynn 1991)

b) Public opinion researchers. Social scientists working in this field are often involved
in cross-national comparisons of scientific knowledge and attitudes towards science.
There are standardised surveys used (Miller 2006). It depends on the so-called “deficit

model” (Ziman, 1991) because it is primarily seen as investigating what people do not
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know. The decision about what is regarded as the “essential” knowledge rests with

scientific experts.

¢) Science educators. This group is primarily focused on the scientific content of the
standard science education packages within the framework of school and tertiary
education. It is concerned that science education should be disseminated as widely as
possible and will be designed primarily to provide the future scientists required for
national prosperity. There is also a belief among scientists that what is perceived as an
“anti-Science” view within society will be eradicated with increasing knowledge of
science. There is no evidence of such a correlation and indeed it has been suggested by
Layton et al. (1993, p.36) that the contrary might be true and that a scientifically
informed public might subsequently demand greater control of science. Indeed
subsequent research (Evans and Layton 1995) showed that while “more knowledgeable
members of the public are more favourably disposed towards science in general, they
are less supportive of morally contentious areas of research than those less
knowledgeable” with clear implications for areas of research concerning, for example,

human embryology.

My research can be identified with the aims and conceptualization of sociological
researchers. It is also useful in this context to consider Prewitt’s use of the phrase
“scientifically savvy” (Prewitt 1983) to describe the sort of scientific knowledge base he
feels the public should have, noting that scientific literacy begins at “the point of

interaction between science and society” and not with science itself.

3.7 Alternative approaches to assessment

3.7.1 Media related knowledge

The tests described in 3.2 rely on experts deciding what particular items of scientific
information everyone should know. In order to circumvent this problem Brossard
(2006) shifted the focus from what “should” be known, to what people can be expected
to know in the context of what is published in the media (Brossard 2006). This is not a
totally novel approach and had been adopted by Koelsche in 1965, when he surveyed
three thousand science-related news items and identified 175 basic scientific principles

and 693 vocabulary items that a scientifically literate person would need to understand
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(Koelsche 1965). Indeed this approach has the value of surveying the popular press
which has been shown, unsurprisingly perhaps, to be one of the essential sources of
scientific knowledge in the general population (Nisbet 2002).

Brossard did not initially sample the media but took every tenth word, as a random
selection of words, from the Oxford Dictionary of Science. This sample of 896
scientific and technical terms was then analysed according to the frequency they
appeared in major newspapers. The top five per cent were then selected and a cloze
exercise based on the dictionary definition was generated as a media scientific literacy
test. (In a cloze test students are required to fill in missing words in a text. Also known
as a ‘gap-fill exercise’).

A conventional scientific literacy questionnaire was also given for comparison. The
overall conclusion was that the method could be developed “to assess civic scientific
literacy without the biases associated with a selection of terms based solely on experts’
views” (Brossard 2006, p.57). Looking at the exercise that Brossard constructed it is
clear how problematic it is to use a cloze based on dictionary definitions. Brossard
herself describes it as “dry”. However, it is perhaps worth considering whether access
to a relevant, well explained glossary of terms relating to specific issues should be made
available to facilitate understanding.

3.7.2 Problems of comprehension

All the standardised instruments for assessing views and knowledge about science are
primarily based on true/false statements with occasionally a 'don’t know' option.
Aikenhead and Ryan (1992) raise the important issue that it is an “erroneous assumption
that students perceive and interpret the test statements in the same way researchers do”.
Aikenhead and Ryan are primarily interested in content relating to the 'nature of science'
and have "empirically” derived a new testing instrument based on written answers
students gave to open-ended questions over a six-year period. The tests deal with
“Views on Science-Technology-Society” (VOSTS) (Aikenhead et al. 1992). VOSTS is
a pool of 114 multiple-choice items that address a broad range of STS topics. Each
VOSTS is extremely long as it attempts to cover a range of different opinions

An example is given here:
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40216 Scientists should be the ones to decide what techniques will be used with
unborn babies in Canada (for example, analyzing chromosomes of the fetus,
altering embryo development, test-tube babies, etc.) because scientists are the
people who know the facts best.

Your position, basically: (Please read from A to J, and then choose one)

Scientists and engineers should decide:

A. because they have the training and facts which give them a better understanding of the issue.

B. because they have the knowledge and can make better decisions than government bureaucrats or
private companies, both of whom have vested interests.

C. because they have the training and facts which give them a better understanding; BUT the public
should be involved — either informed or consulted.

D. The decision should be made equally; viewpoints of scientists and engineers, other specialists, and the
informed public should all be considered in decisions which affect our society.

E. The government should decide because the issue is basically a political one; BUT scientists and
engineers should give advice.

F. The public should decide because the decision affects everyone; BUT scientists and engineers should
give advice.

G. The public should decide because the public serves as a check on the scientists and engineers.
Scientists and engineers have idealistic and narrow views on the issue and thus pay little attention to
consequences.

H. I don’t understand.

I. I don’t know enough about this subject to make a choice.

J. None of these choices fits my basic viewpoint.

VOSTS have been used in the UK (Botton 1997) with pre-service science teachers and
comparisons drawn with results from Canada. The overall conclusion was that the
results in the two countries were much the same for the 27 items selected by the UK
researchers. The teachers tested in the UK were divided into different groups and the
results were compared across the groups to gain a measure of reliability of the test. It

was found by this criterion to be reliable.

Looking at the sample question above | feel that the length and complexity of the
answers mean that students can’t be expected to answer many of them with care and
concentration. I do wonder how many students just opt for answers, such as D, which

have a sense of fairness. | would much prefer to use qualitative methods such as
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interviews and discussions to elicit this type of information from students and feel it

would provide a more valuable insight into some of the issues being investigated here.

The ideology that motivated this work on VOSTS does however focus on an important
issue: do students understand the questions posed in the same way as those who
formulated them? It is surely through discussion and interview that these issues are
clarified.

3.7.3 Scientific knowledge v critical thinking

Much of the literature | have reviewed has focused on traditional views of scientific
literacy and is primarily concerned with ensuring that the public having a certain
prescribed knowledge of scientific ‘facts’ and 'truths'.

A case for giving instruction in critical thinking skills instead of scientific knowledge
was given by philosopher Grayling (2008, Aug 6) when discussing the ease of accessing
“information through the internet” (he might have added the general availability of
information through all media outlets). He explained that with so much indirect
knowledge now available, (i.e. not from reliable academic sources), then “knowing how
to evaluate information, therefore, is arguably the most important kind of knowledge
that education has to teach.” He continued “critical thinking should be right at the centre

of the education system”.

Grayling (2008, Feb 9) had previously attacked the definition of scientific literacy given
by the US National Academy of Sciences namely, that it is "knowledge and
understanding of the scientific concepts and processes required for personal decision-
making, participation in civic and cultural affairs, and economic productivity”. He felt
that this had a serious omission by not acknowledging the importance of “the kind of
healthy skepticism that asks for good evidence and good argument, that applies critical
scrutiny to propositions or claims, that suspends judgment while the evidence is
pending, and accepts what the evidence says once it has arrived, independently of prior

wishes or partisan beliefs.”
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Grayling’s focus on “skepticism” is important but he seems to ignore several important
things associated with understanding science: the complexity of the “evidence” with
which the public is bombarded and the difficulty in evaluating it in a particular socio-
political context; the importance of recognizing the writer’s purpose; the interpretative
act of reading. There is much written that presents itself as evidence, and that too must
be subjected to reader consciousness of the complexity of the reader-author relationship.
A good example where a reader might feel in safe hands and in receipt of some form of
pure evidence is in the plethora of books published as ‘popular science’. Information
between hardcovers, or soft covers, has a worth and weightiness which could prevent a
reader from pursuing important questions in the reader-writer interactive. Books that
present themselves as a highly reliable source of information can be problematic, for
example Zimmerman (1995). He wrote his book to promote environmental literacy,
and in it deals with many dilemmas where different information from 'reliable’ sources
seriously conflicts. He noted that his aim was to help us make decisions not based on
facts and not on “superstitious drivel”. One of his examples is perhaps worth noting.
When working with certain chemicals an increased risk of cancer was identified. A US
company using those chemicals decided that fertile women would be most at risk and so
allocated only low-paid, menial jobs to women aged 16 to 50, “protecting” them from
the higher paid, higher risk jobs. It has subsequently become clear that not only was
there a risk of cancer but many of these toxic chemicals also adversely affect male
fertility, severely reducing sperm count. The active reader, the critical thinker, will be
teeming with questions: Why initially were certain hazards investigated and not others?
Is testing influenced by a socioeconomic agenda? Is identifying a high risk for cancer in
one group not indicative of potential toxicity in other areas? Were the workers kept fully
informed of the risks? Would men have accepted being demoted to menial jobs or

would they have demanded that other chemicals be used?

A different approach by Graham and Wiener (1995) attempts to promote scientific
literacy by analysing the trade-offs and consequences of decisions based on issues such
as “is it healthier to eat fish than beef?” There is a simple calculation which compares
the risk of getting a heart attack from eating beef or getting cancer from the
carcinogenic pollutants that accumulate in fish. (By the way the fish wins). The critical

thinker should surely ask: Why is there a risk from eating fish, and what processes have
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made fish a doubtful source of nourishment? Why is there so much beef eaten in
modern society? These questions are a small step away from questions such as: What is
a healthy diet? Does a healthy diet need to be manufactured and labelled as 'health
giving' before we can buy it with confidence? How do we evaluate labels? Are labels

agenda-free? What are the forces driving the food manufacturing industry?

Perhaps what is needed as part of a scientific literacy programme is not only to develop
the consciousness of the reader-author interactive but also to engender the confidence to

confront authorities and ask probing questions.

There are now university programmes, especially within the US, which have developed
a cross-curricular approach to address the challenges facing the modern citizen
confronted with the impact that science and technology has on society. These STS
(Science and Technology Studies) courses are multi-disciplinary and are designed to
promote critical thinking. They not only focus on the ethical, legal and social
implications of science and technology, but also “examine the relationship between
science and other forms of epistemic or cultural authority (e.g. law, religion, politics.)”
(Harvard, 2009). An important discussion on an integrated social constructivist
approach to explaining 'scientific knowledge and technological artefacts' is found in the
work of Pinch and Bijker (1984). Their approach of having a more integrated, cross-
curricular approach could be more widely applied in tertiary education. However, |
would still argue that Pinch and Bilker have overlooked the importance of identifying

text as discourse, requiring reader awareness of their role in constructing meaning.

3.7.4. Wider perspectives about literacy in general

This section considers the challenge of constructing meaning from any text, and is
therefore intrinsic to all literacies. It is perhaps better addressed with a cross-curriculum
approach within educational institutions at both secondary and tertiary level.

The idea of presenting a curriculum that integrates science and humanities into a general
education programme is gaining interest, for example it was addressed at a Carnegie
Corporation meeting in 2000 (Barker 2000). “How many college graduates today”

asked Barker “have an understanding of the meaning and value of history or science or
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the humanities sufficient to make sense of the forces unleashed by the combination of

technological innovation, the free market, and globalization?”

We might ask an even more fundamental question: “How many college graduates have
sufficiently developed literacy skills to critically evaluate any text — let alone one with
scientific content?” This was basically the question investigated by Norris and Phillips
(1994) and although they used texts relating to scientific topics they were primarily
testing fundamental skills of interpreting ‘pragmatic’ reading. Their texts were all from
popular science written for laypeople and were given to top science students at Grade
12. The students were considered to have much more scientific knowledge than was
required to understand the scientific aspects of these articles, but half the students failed
to make appropriate inferences from the text or even assess the degree of certainty with
which the writers expressed their views. To read at this level, students need to be able to
read analytically. But this leads to even more profound issues concerning the nature of
reading and the relationship of reader and writer.

We are forced to confront the fundamental issue about the nature of reading: whether
reading is a repetitive or constructive process? In the words of Haas and Flower (1988):
“meaning does not exist in a text but in readers and the representations they build. This
constructive view ... is complemented by work in rhetoric which argues that reading is
also a discourse act.” These authors raise two questions which relate to this
constructive, rhetorical view of reading. “The first is, how does this constructive
process play itself out in the actual, thinking process of reading? And the second is, are
all readers really aware of or in control of the discourse act which current theories

describe?” As Haas and Flower note “they read for information”.

To get an insight into how students construct meaning from their reading, Haas and
Flower (1988) observed and analysed the strategies used by ten readers (including both
college and graduate students). The researchers designated three distinct strategy
groups: content strategies; feature strategies and rhetorical strategies. In the study
described regular students only utilised rhetorical strategies as one per cent of all

strategies used, in experienced readers this rose to thirteen per cent.
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Some of the range of rhetorical strategies identified included comments concerned with

author’s purpose, context or source, intended audience, and actual effect.

The question arises as to whether it is always essential to employ rhetorical reading
strategies. Haas and Flower (1988) identify that it has an important role for decoding
complex texts and also when dealing with propaganda, where recognizing the author’s
intention is crucial. Texts relating to material with scientific content fall into both of
these categories. It is worth noting here that texts written for the general reader,
especially those in the popular press have undergone several stages of metamorphosis
and invariably emerge as blatant propaganda or at least support a particular agenda.
Basic skills in rhetorical analysis enable the reader to identify some of the manipulative

and affective elements within the text.

The role of rhetorical devices in science writing has been identified in the work of
Fahnestock (1986). She writes referring to the “accommodators” of science who
communicate the work of scientists to lay readers as often presenting the work more
elegantly than the scientists themselves but raises the fundamental question about what
happens in the course of adaptation? Is the discourse transformed? | would include
another gquestion: What if the accommodators have a particular agenda and the
transformations are directed towards a particular propaganda goal. Can we identify

those transformations?

The ubiquity of rhetoric and its role in the formation of opinions was put forward by
Nietzsche when he wrote:

“No such thing as unrhetorical “natural” language exists that could be used as a
point of reference; language is itself the result of purely rhetorical tricks and
devices ... Language is rhetoric, for it only intends to convey doxa (opinion), not
episteme (truth)”

(de Man 1979, p.107)

The necessity to understand reading as much more than a linear progression of decoding
strings of words is stated by Norris and Phillips (2003) who identify the importance of
“active construction of new meanings, contextualization, and the inferring of authorial
intentions”. For them these interpretive tasks “transcend scientific knowledge and

knowledge about science”. For them the current quests for civic scientific literacy all
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fail to ensure that students acquire literacy in its “fundamental” sense. They list eleven
different ways that the term scientific literacy is used and note that hardly any reference
is made, by any of the authors they cite, to the importance of reading analytically or

critically.

3.8 Scientific literacy in secondary school education
There is a great deal of research published relating to science literacy in the context of
secondary school science curricula and pedagogy. | have selected some twenty first

century work that is relevant to my action research project.

A serious concern for all science educators is the failure of much current school science
to engage pupils in a positive and meaningful way. Wellington and Osborne (2001, p.2)
identify that “language is the major barrier (if not the major barrier) to most pupils
learning science” and insist that teachers should regard every science lesson as a
language lesson. While their book focuses on methods to improve the teaching of
scientific language within the school classroom, it has relevance within a university
setting, and especially within an EFL program. Wellington and Osborne (2003)
examine ways of improving reading in science education, and suggest strategies. These
authors also highlight the importance of pupil-teacher dialogues within the classroom,
noting that “the opportunity to engage in reasoned discussion with others is central to
any education devoted to fostering rationality and critical thinking” (2003, p.84). This
is surely as important at tertiary level as within the school environment. And these
ideas have shaped my own approach to the intervention in this thesis. | have
endeavoured to develop a particular thinking skill that will facilitate the process of
meaningful dialogue.

The essential role of reading and writing skills as fundamental to scientific literacy has
also been stressed by Norris and Phillips (2003). They note that in their search of the

literature on scientific literacy, the role of reading and writing are scarcely perceived as
functionally important, whereas their research has supported the view that “reading and

writing are constitutive parts of science’. (2003, p. 226). Much of their discussion
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references science teaching within the school system but is pertinent to tertiary
education. Indeed, their own research (Norris, Philips and Korban, 2003) highlighted
the fact that the failure of school education in this area leaves university students
without the skills to accurately analyse contemporary texts that appear in the popular
media. This work is wholly consistent with their earlier research (1994) focusing on
final year high-school students. They note that at the failure to develop higher-level
reading skills has much to do with the prevailing simple view of the nature of reading —
namely, a basic ability to know words, identify and locate information. What is
missing is the ability to analyse and interpret, and these are strategies that are addressed
in the teaching of critical thinking. Thus, the definition of scientific literacy, within a
school framework, and beyond should include higher level reading skills than are

ordinarily addressed within a school framework.

Despite decades of discussion about changes in school science curricula, little seems to
have changed, according to Osborne (2007, p.179). He maintains that science is still
presented as “a body of authoritative knowledge which is to be accepted and believed.”
And furthermore, contemporary science curricula, are what Osborne terms
‘foundationalist’, and are primarily designed to provide the essential knowledge for
future scientists, and do not provide for the needs of future citizens. In his discussion
on the meaning of scientific literacy, Osborne, firmly aligns himself with Norris and
Phillips and emphasises the importance of being able “to interpret and critically evaluate
writing in science and writing about science” (Osborne, 2007, p.177). He also notes
that it is not enough to transform a curriculum, “we must also transform a teacher’s
pedagogy”, and, ultimately, practice is a ‘triumvirate of curriculum, pedagogy and
assessment” (Osborne, 2007, p.182). Furthermore, he identifies a failure in developing

useful means of assessing student understanding.

A recent attempt to meet this challenge, and find new ways to assess the understanding
of science in 15-year old school children in OECD and non-OECD countries has been
undertaken by the PISA project. The PISA 2006 science survey was the first time
science was a major assessment domain in PISA, “and the definition of scientific
literacy was expanded to include aspects of individuals’ attitudes towards science”
(Bybee and McCrae, 2011). The assessment of attitude was achieved with items
designed to assess students’ Interest in learning about science, and their Support for

scientific enquiry embedded in many of the test units. Student “Interest in learning
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science topics ” and their “General interest in science learning” was scaled. The
findings showed ““a negative correlation between student science topic interest and
science performance at the country level” (Bybee and McCrae, 2011, p. 23). Another
intriguing finding was the fact that students from developed countries had lower levels
of interest than those from developing countries. Recognising the importance of
making some sort of assessment of attitude towards science, I incorporated methods for
assessing interest and attentiveness in my own questionnaires, these assessments were

not based on PISA items but used other internationally applied methods of assessment.

The PISA assessments were designed to assess scientific literacy according to four

interrelated features that involve an individual’s:

e Scientific knowledge and use of that knowledge to identify questions, to acquire
new knowledge, to explain scientific phenomenon (sic), to draw evidence-based
conclusions about science-related issues.

e Understanding of the characteristic features of science as a form of human
knowledge and enquiry.

e Awareness of how science and technology shape our material and intellectual,
and cultural environments.

e Willingness to engage in science-related issues, and with the ideas of science, as
a constructive, concerned, and reflective citizen. (OECD,
2006)

Bybee et al. note (2009, p.8) that PISA adopts a definition of scientific literacy that
emphasises the model put forward as Vision Il by Roberts (2007, p. 732), which

prepares students for “science-related situations in which considerations other than

science have an important place at the table” (2007, p. 731).

PISA’s description of the elements of scientific literacy are given a curriculum context
by by Bybee and VVan Scotter (2006), who identify three guiding principles for the
development of effective science curricula. The principles, derived from recent
developments in research in cognitive science on processes involved in student learning,

are:

e Students come to class with preconceptions about how the world works. The
science curriculum must engage students in a process of conceptual change.

e Competence in science includes a foundation of factual knowledge, a conceptual
framework, and a means to organize scientific knowledge. The science
curriculum must include all three.



47

e Students can learn to take control over their own learning by defining goals and
monitoring their progress in achieving them. The science curriculum must
include experiences that require metacognition and provide opportunities for
students to engage in metacognitive practices, such as think-aloud problem
solving and group work. (Bybee and Van Scotter, 2006, p.43-44)

These principles together with the OECD definition of scientific literacy present much
of the current thinking about content and method in school science teaching.
Unfortunately, there is a failure here to identify elements relating to moral and ethical
considerations that Roberts (2007) views as central to any definition of scientific
literacy. Furthermore, there is no attempt to address the essential core skills identified
by Osborne, Wellington, Norris and Phillips, namely: the ability to analyse and interpret
text in a critical and meaningful way. My academic reading course at the university
addresses both these concerns, with extensive engagement in critical, analytical reading
of popular science texts and the introduction of texts relating to pressing ethical issues
within science. | acknowledge them to be central to any framing of a definition of

scientific literacy.

I have tried to develop a course where the selected texts and much of the work, and
discussion, is based on SSls. A thought-provoking approach to an issues-based
curriculum in a school setting is presented by Hodson (2003) and is derived from his
earlier work (Hodson, 1999). He argues that this approach can be regarded as

comprising of four levels of sophistication:

Level 1: Appreciating the societal impact of scientific and technological change,
and recognizing that science and technology are. To some extent, culturally
determined.

Level 2: Recognizing that decisions about scientific and technological
development are taken in pursuit of particular interest, and that benefits accruing
to some may be at the expense of others. Recognizing that scientific and
technological developments are inextricably linked with the distribution of
wealth and power.

Level 3: Developing one’s own views and establishing one’s own underlying
value positions.

Level 4: Preparing for taking action. (Hodson, 2003 p. 655)
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Hodson acknowledges that making these kinds of changes in the curriculum is not easy
and is “unlikely to be achieved by conventional strategies of curriculum reform.” He

continues:

A curriculum that aims to achieve a critical scientific and technological literacy
must, in my view, be based on a model of curriculum development that seeks to
encourage and support teachers in becoming critically literate about their own
educational practice. Action research is probably the only coherent and viable
way of addressing curriculum evaluation, curriculum development and
professional development/teacher education that are central to the
implementation of this radically new form of science education.

(Hodson, 2003 p.665)

The problems of introducing substantial changes in a curriculum led me to recognise the
advantage of introducing a small self-contained intervention. Such an intervention could
easily be integrated by other teachers into their classrooms if felt to be useful. Hodson’s
suggestion does encourage all teachers to consider embarking on action research to
develop and evaluate novel elements that could shift their teaching methods, and

content, towards a greater socio-political awareness of subject content.

3.9 Student learning-methods

3.9.1 Constructive alignment

An important focus of my action research is to improve the way my students learn. |
have wanted to shift away from the conventional model of students as recipients of the
knowledge imparted by teachers — the declarative model. A totally student-centred

approach at the tertiary level is offered by Biggs (2003a).

He insists that learner activities should be central to the student learning experience, and
the activities must be designed to fulfil the educational aims of the course/teacher/final
assessment. His term ‘constructive alignment’ enables courses to be designed so that
required learning outcomes are aligned with learning-focused activities. For Biggs the
key questions are: “what should the student be able to understand/perform at the end of
the learning experience? What activities would the student have to undertake in order to
learn this? And how can the tutor find out if the student has learned successfully?”
(Walsh 2007, p.80). For Biggs sees teaching and assessment as synergistic. It is the
content of the assessment which often drives both the teaching and learning processes.

Teachers prepare students to succeed in the assessment, and the students themselves are
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often primarily motivated to work towards the objectives of the assessment.
Furthermore, an assessment that only tests surface knowledge can fail to encourage
students to higher levels of learning (Ramsden, 2003).

Biggs identifies two main categories that assessment can be carried out: the first is the
traditional approach where a student is tested and rated on a scale, usually by giving
them a percentage score which places them within a class hierarchy; the second is
criterion-referenced, where “the score an individual obtains reflects how well the
individual meets preset criteria, those being the objectives of teaching.” (Biggs, 2003b,
p.5). The criterion-referenced method of assessment allows the focus to be on process,
and this becomes the method | adopt in assessing student projects. When assessing the
project/intervention that I introduce | am concerned if students met the criteria specified

at each stage.

Furthermore, my intervention/project in this action research also assesses its impact on
student learning by asking the students to identify what they discerned as their own
learning outcomes. This could be seen as another element in ascertaining whether there
is constructive alignment between the outcome and the teacher’s objectives, and is

consistent with Biggs’ system of constructive alignment.

3.9.2

Dialogic talk

For Biggs creating appropriate learning contexts is a key element in his system of
constructive alignment and he notes “that students can get away with being passive,
whereas high level learning requires them to be active in their learning.” (Biggs, 2003Db,
p.4). Dialogic talk is an important way of encouraging students to participate actively
within the classroom. This term is familiar to school teachers, where its role is well
established as an important teaching tool (Simpson, Mercer and Majors, 2010; Webb
and Treagust, 2006). Understanding the theory underpinning the use of dialogic talk has
relevance in my classroom, where it can achieve the same sort of development in

thinking as seen in young children.

Piaget and Vygotsky have made important contributions in describing the role of

dialogic talk in the development of children’s thinking. Mercer (2003) notes that
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Vygotsky “suggested that using language to communicate helps us learn ways to think.”
And both Piaget and Vygotsky see the development of thinking as a logical process.

For Piaget thinking develops from the more concrete towards the more abstract.
Vygotsky also sees progress in development in thinking in this way but attributes a

greater role to culture and education than Piaget does.

These models are challenged by Wegerif (2011), who argues for a new theory of
learning in light of recent research in cognitive development and neuroscience. Wegerif
challenges the prevailing description of dialogue in terms of epistemology — that is, as a
form of ‘shared inquiry’ which promotes collaborative construction of knowledge. He
suggests it is “also useful to think of dialogues in terms of ontology” so that dialogue is
“not only treated as a means to an end but also treated as an end in itself” (Wegerif
2011, p.184). His work with Mercer (Wegerif and Mercer, 1997) led to the introduction
of the term the ‘space of dialogue’, or ‘dialogic space’ to locate the standpoint from
which children are able to challenge their own thinking. Wegerif goes on to describe
this Dialogic Space as functionally equivalent to “openness to the other and openness to
the other” (Wegerif 2011, p.189). Furthermore, he notes that “both disputational talk
and cumulative talk involved identification with limited images, one an image of self
and the other an image of the group”. However, dialogic talk is characterized by

openness and respect for difference.

Mercer has developed a sociocultural theory built on the foundations of Vygotsky’s
work to help explain “not only how individuals benefit from interaction with others, but
also how collective understanding is created from interactions among individuals”.
(Mercer, N., and Howe, C., 2012, p.14). The importance of the nature of these
interactions has been extensively researched by Alexander through international studies
(Alexander, 2001). His work highlights the importance of the structure of the exchanges
in promoting learning and thinking. Within a classroom much dialogic talk is mediated
by teacher questions. Alexander’s work suggests that open questions, as opposed to the
prevailing method of closed questioning, lead to dialogic talk and discussion, and

encourages high-level learning.

Although most of the research and discussion | have cited in this section is framed

within studies of primary school children (Simpson, Mercer and Majors, 2010; Webb
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and Treagust, 2006)., it seems to have relevance for evaluating the processes of ‘talk’
within adult settings, and especially among students. There is now a growing body of
research confirming the usefulness of dialogic talk within university education
(Hardman 2008). The intervention developed within my action research project was
specifically designed to encourage students to have greater openness to the other — to be

able to have discussion within a dialogic space.

Within my classroom, dialogic or exploratory talk is an important part of developing an
interactive learning environment. As Roberts (2007, p.272) states “Discourse is the
basis for creating meaning in classrooms”. His comments are made within the context
of developing scientific literacy and he notes that the essential nature of discourse is
independent of which of his two definitions of scientific literacy (Vision | or Vision II)
are being pursued. Vision | focuses on scientific subject matter and Vision Il,
emphasises life situations in which science plays a key role. (2007, p. 254). He also
notes that discourse in science, particularly framed within moral and ethical
considerations are not part of the education of science teachers, and might not even be
an area in which teachers feel “competent or comfortable” to teach. However, the

importance of this approach is stressed by Zeidler and Lewis who state:

Arming our students with improved understandings of nature of science and
scientific enquiry does not provide a complete picture of the scientifically
literate individual. Moral development and ethical reasoning play an important
role as students consider what is best for the common good of society or whether

the ‘common good is relevant to the issue at hand. (Zeidler and Lewis, 2007,
p.290)

It is worth reiterating here that for dialogic talk to take place at an individual or
collective level the ability to listen, evaluate, and integrate other people’s opinions is

absolutely central. It is this aspect of dialogic talk that my intervention addresses.

3.10 Theories of learning

An important understanding of the process of learning is provided by Sternberg’s work
on thinking styles (Sternberg, 1994, 1997). By identifying different learning styles he
also provided a framework for the development of different teaching styles. His model

of intelligence as mental self-government, formed the basis of this theory of intellectual
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styles. Sternberg’s work, both theoretical and empirical, seeks to “explain individual
differences in performance that are not explained by abilities” (Zhang and Sternberg).

According to Sternberg, intellectual styles can be considered as governmental in:

a) function (legislative, executive, judicial).
b) form (monarchic, hierarchic, oligarchic, anarchic).
c) level (global, local)
d) scope (internal, external)
e) leaning (conservative, progressive)
(Sternberg, 1988, p. 197)

In recent years, Sternberg has worked collaboratively with Zhang at the University of
Hong Kong, and investigated within a Chinese context the link between learning
approaches and thinking styles. Their work adopted a simplified categorization of
thinking styles into Type | (legislative, judicial, hierarchic, global and liberal) and Type
Il (executive, local, monarchic, and conservative). Subsequently Zhang (2002) showed
correlations between: Type | and a relativistic level of cognitive development
(associated with critical thinking); Type Il and dualistic cognitive development
(thinking in right-wrong, black-white terms). Concluding that “students who reasoned
at a higher cognitive developmental level tended to use a wider range of thinking styles
than students who reasoned at a lower cognitive level” (2002, p.179), and that “the use
of the judicial style is most conducive to cognitive development” (2002, p.191).

Sternberg sees the judicial student in the following terms:

The judicial student has a predilection for tasks, projects, and situations that
require evaluation, analysis, comparison—contrast, and judgment of existing
ideas, strategies, projects, etc. The judicial person tends to like evaluative
essays, commenting on other people’s ideas, and assessing others’ strengths and
weaknesses.

(Sternberg and Zhang, 2005, p.247)

My intervention could be seen as best suited to students with a judicial style of learning.
A question that Sternberg and his colleagues do not seem to address is whether styles of
learning always remain intrinsic and fixed or can be modified. Transformative learning
theory suggests that change is indeed possible even in adult populations (Mezirow,
1981), for requires critical self-reflection. Furthermore, he identifies some sort of

trigger that provokes the transformation. | see the moment that I ask my students to
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change their deeply held opinion into the opposite, as such a trigger. The process of

validating it with evidence initiates a process of critical self-evaluation.

However, Sternberg’s work suggests that some students will be better suited to this
project than others. And indeed, his work helped me understand why different students
respond differently to some of the teaching strategies | use. His theory asks for an
acknowledgment of the diversity of learning styles among our students and the
imperative for teaching styles to have a corresponding diversity. It gives another

framing for the reflexive teaching practice associated with my action research.

3.11 Critical thinking and studying socioscientific issues.

The link between critical thinking and scientific literacy is perhaps most clearly
expressed by those researchers who have investigated the role of discussing
socioscientific issues (SSIs) within classes designated for teaching science (Zeidler and
Nicholls 2009). The role of discourse and debate are seen as promoting core critical
thinking skills, such as analysis, inference, explanation, evaluation, interpretation, and

self-regulation.

However, the definition of critical thinking itself is problematic, and there is much
discussion about what should be the focus in an educational program designed to
enhance the critical thinking of its students (Mulnix 2012). Several explanations of the
term are inclusive of so many intellectual qualities and cognitive skills that it is
daunting for any teacher to consider integrating critical thinking within their classroom.
For example:
Critical Thinking is that mode of thinking — about any subject, content, or
problem — in which the thinker improves the quality of his or her thinking by
skilfully analysing, assessing, and reconstructing it. Critical thinking is self-
directed, self-disciplined, self-monitored, and self-corrective thinking. It
presupposes assent to rigorous standards of excellence and mindful command of
their use. It entails effective communication and problem-solving abilities, as
well as a commitment to overcome our native egocentrism and sociocentrism.
(Scriven and Paul, 2008)
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An earlier, but important, contribution to the discussion on critical thinking skills has
been made by Ennis. He gives a useful, brief definition of critical thinking as
“reasonable reflective thinking that is focused on deciding what to believe or do”
(Ennis, 1991, p.6) Implicit within this definition is the process of decision making. He
lists twelve dispositions, as wells as sixteen critical thinking abilities and maintains all
twelve dispositions and the first twelve of the abilities are “offered as constitutive of the
ideal critical thinker” (Ennis, p. 8). This comprehensive list is given below:

A. Dispositions of the ideal critical thinker:

1. to be clear about the intended meaning of what is said, written, or otherwise

communicated.

to determine and maintain focus on the conclusion or question.

to take into account the total situation.

to seek and offer reasons.

to try and be well informed.

to look for alternatives.

to seek as much precision as the situation requires.

to try to be reflectively aware of one’s own basic beliefs.

to be open-minded: consider seriously other points of view other than one’s

view.

10. to withhold judgment when the evidence and reasons are insufficient.

11. to take a position (and change a position) when the evidence and reasons are
sufficient to do so.

12. to use one’s critical thinking abilities.

©CoxNOEWN

B. Abilities of the ideal critical thinker:
(The first five items involve clarification.)
1. to identify the focus: the issue, question, or conclusion
2. to analyse arguments
3. toask and answer questions of clarification and/or challenges
4. to define terms, judge definitions, and deal with equivocation
5. to identify unstated assumptions
(The next two involves the basis for the decision.)
6. to judge the credibility of a source
7. to observe, and judge observation reports
(The next three inference.)
8. to deduce, and judge deductions
9. toinduce, and judge inductions
a. to generalizations
b. to explanatory conclusions (including hypotheses)
10. to make and judge value judgments.
(The next two are metacognitive abilities -involving supposition and
integration.)
11. to consider and reason from premises, reasons, assumptions, positions, and
other propositions with which one disagrees or about which one is in doubt
— without letting the disagreement or doubt interfere with one’s thinking
(“suppositional thinking”)
12. to integrate the other abilities and dispositions in making and defending a
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decision.

(The next four are auxiliary critical thinking abilities — having them is not

constitutive of being a critical thinker.)

13. to proceed in an orderly manner appropriate to the situation, for example,
a. to follow problem solving steps
b. to monitor one’s own thinking
c. to employ a reasonable critical thinking checklist

14. to be sensitive to the feelings, level of knowledge, and degree of
sophistication of others.

15. to employ appropriate rhetorical strategies in discussion and presentation
(orally and in writing)

16. to employ and react to “fallacy” labels in an appropriate manner.

(Ennis, 1981, 8-9)
I have extracted from Ennis’ list above those elements which are relevant to the course I
teach. They are listed below. This list uses the same numbering as in Ennis’ list and for
each item | have added a brief comment indicating how each are addressed in the course
| teach..
A.1. form part of the reading program
A.4,5,6,8,9, 10, 11, 12 (form key elements within my intervention)
B. 1, 2, 3, 4, form part of the reading program
B. 6 (a key element within my intervention)
B. 8, 9, 10 form part of the reading program
B. 11, 12 (elements within my intervention)

An attempt to gain consensus for the conceptualization of critical thinking was pursued
by Facione with a cross-discipline Delphi study with 46 experts on critical thinking
from across the United States and Canada. The project lasted two years and was
conducted on behalf of the American Philosophical Association (Facione 1990). As a
result of this work the study defined “approaches to life and living which characterize
critical thinking”, these ‘approaches’ include:

e inquisitiveness with regard to a wide range of issues
e concern to become and remain well-informed

e alertness too opportunities to use critical thinking

e trust in the process of reasoned inquiry

e self-confidence in one’s own abilities to reason

e open-mindedness regarding divergent world views
o flexibility in considering alternatives and opinions

e understanding of the opinions of other people
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o fair-mindedness in appraising reason

¢ honesty in facing one’s own biases, prejudices, stereotypes, or egocentric
tendencies

e prudence in suspending, making or altering judgments
¢ willingness to reconsider and revise reviews where honest reflection
suggests that change is warranted. (Facione 2015, online)

An instrument, California Critical Thinking Disposition Inventory (CCTDI), was
developed, validated and used to assess students’ disposition toward CT. It consisted of
75 statements, divided into seven subscales: Truth-seeking, Open-mindedness,
Analyticity, Systematicity, Self-confidence, Inquisitiveness, and Maturity. (Facione and
Facione 1992). It has been used widely, including in Israel where it has been applied to
assess the impact of teaching higher-order thinking skills within science education
(Barak, Ben-Chaim and Zoller, 2007). This study which looked at the effects over two
years of having critical thinking as part of a high-school science program for one class,
while leaving other classes with the usual syllabus and no critical-thinking component.
The study showed marked improvement in the class with critical thinking activities on
the four subscales: Truth-seeking, open-mindedness, CT self-confidence, and maturity.
The researchers concluded that:

Although in this study the teaching strategies for the promotion of higher order
thinking skills were applied in the context of science teaching, the students’
success in the CT test suggest that they were capable of transferring across
domains, since the CT tests include generic non-disciplinary questions and
statements. (Barak et al. 2007, p.367)

Most teachers would claim to teach their students to think critically ‘indirectly’ or
‘implicitly’ within the normal teaching of their specific subject. But “increasingly,
educators have to doubt the effectiveness of teaching ‘thinking skills’ in this way,
because most students do not pick up the thinking skills in question. The result is that
many teachers have become interested in teaching these skills directly” (Fisher, 2001).
He also makes the important point that these skills are considered transferable, so that if
taught in the context of one subject area they can benefit the student’s thinking

processes in other fields.
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There is a large body of published literature to assist teachers in the classroom- as
books and journal articles (Costa, 1991; Fisher, 2001; Swartz, 2001; Swartz, 2008).
Swartz stresses the importance of having of teachers explicitly teach thinking strategies
(2008, p.26). He cites research by Beyer (2001) that shows that the most effective of
these programs “combine thinking techniques and strategies within a rich, multi-faceted
framework. Swartz has repeatedly demonstrated to teachers that by using a
metacognitive strategy important thinking skills and habits of mind can be taught
(Swartz et al., 2007). This approach requires students to identify the kind of thinking
they have used, and asks them to evaluate it and then consider modifying the approach.
This stresses the importance of students reflecting on the cognitive processes they have
employed. At the end of each cycle of my intervention, | ask my students to suggest
what they learned from the processes involved the intervention/project. This enables
me to evaluate what the students’ perceived as the learning objective, and also
encourages the students to be self-reflective about the critical thinking process they
have, hopefully, been developing.

All the definitions of critical thinking have common elements, which can perhaps be
most easily given by this simple summary of what constitutes critical thinking. It is
given in the textbook which accompanies the Cambridge syllabus for A and AS Level
Thinking Skills (Butterworth and Thwaites 2013, p. 9).

Critical thinking ... should always be:
o fair and open-minded
o active and informed
o sceptical
o independent

The discussion of SSIs meets many of the criteria which appear as key to the promotion
of critical thinking. There is mutuality here, between enhancement of critical thinking
skills and discussion involving SSls.

CRITICAL THINKING mmmm=) DISCUSSION OF SSls
| see the way forward in improving scientific literacy as being focused on this
interrelationship, with both of these elements being used in the development of the

necessary skills for critical reading and decision-making.
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[Mention should be made here about the distinction that is made between the term SSI
and STS (science, technology and society). Both seem to have much in common but
those working in the field identify SSI as a broader term that "subsumes all that STS has
to offer, while also considering the ethical dimensions of science, the moral reasoning
of the child, and the emotional development of the student” (Zeidler et al. 2002, p.
344)].

Most teachers would claim to teach their students to think critically ‘indirectly’ or
‘implicitly’ within the normal teaching of their specific subject. But “increasingly,
educators have to doubt the effectiveness of teaching ‘thinking skills’ in this way,
because most students do not pick up the thinking skills in question. The result is that
many teachers have become interested in teaching these skills directly” (Fisher, 2001).
He also makes the important point that these skills are considered transferable, so that if
taught in the context of one subject area they can benefit the student’s thinking

processes in other fields.

There is a large body of published literature to inspire teachers — as books and journal
articles (Costa, 1991; Fisher, 2001; Swartz, 2001; Swartz, 2008). Swartz stresses the
importance of having of teachers explicitly teach thinking strategies (2008, p.26). He
cites research by Beyer (2001) that shows that the most effective of these programs
“combine thinking techniques and strategies within a rich, multi-faceted framework.
Swartz has repeatedly demonstrated to teachers that by using a metacognitive strategy
important thinking skills and habits of mind can be taught (Swartz et al., 2007). This
approach requires students to identify the kind of thinking they have used, and asks
them to evaluate it and then consider modifying the approach. This stresses the
importance of students reflecting on the cognitive processes they have employed. At
the end of each cycle of my intervention, | ask my students to suggest what they learned
from the processes involved the intervention/project. This enables me to evaluate what
the students’ perceived as the learning objective, and also encourages the students to be

self-reflective about the critical thinking process they have, hopefully, been developing.
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3.12 Conclusion

This review of the literature has shaped my action research in several ways.

My interpretation of the term 'scientific literacy' has been influenced by the work of
sociological researchers (see: Ziman 1991, Wynne 1991, and Silverstone 1991). They
have highlighted the complexity of the partnership between citizens and the institutions
formally in control of the decision-making processes relating to socioscientific issues.
These studies, and others mentioned in this chapter, stress the individuality of
interaction with SSls; certain groups within the general public having specialised
knowledge and particular interests that direct their focus of engagement in discussion.
This underlined the importance for me of allowing students to choose their own SSI for

the project intervention | introduced.

The association of discussion about SSIs with critical thinking skills has helped me
move away from a definition of scientific literacy that is heavily weighted in favour of
constructs of scientific knowledge. In considering the range of critical thinking skills
that were most appropriate to focus on with my students | concluded, as a result of
experience, that | would try to help my students acknowledge the value of counter
opinions. Hoping that it might also lead to respect for ‘the other'. My approach would
hopefully enhance many of the qualities listed by Ennis, Facione and others (quoted

above) which characterise those engaged in critical thinking.

Understanding the construction of meaning from any text, the implicit and explicit bias,
its affective rhetoric, are important elements within any program teaching critical
thinking, and is already part of the academic reading courses | teach. For this action
research | extended the study of text to include internet sources, so that students would
be able to discover and evaluate the wide range of material available on Google, Google
Scholar, and Google Books — this ability to critically evaluate a source is also a key

element within the teaching of critical thinking.
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Chapter Four
Methodology and Methods

4.1 Introduction

This chapter will open with an overview of the main paradigms in educational research.
This is followed by sections on action research (its role in education research and
responses to the problems it presents); the issues involved in developing a methodology;

ontological and epistemological considerations; the research methods/tools employed.

4.2 Paradigms in Educational Research

Broadly there are two major research paradigms in social research which Hitchcock and
Hughes (1995, p.21) term "positivist' and ‘qualitative’. Usher (Scott and Usher 1996, pp.
12, 18) identifies them as 'positivist/empiricist' and 'hermeneutic/interpretive’. Other
writers choose different descriptions: Denzin and Lincoln (2011, p.102) write of
‘Constructivism (or Interpretivist)'. For the purpose of this thesis | am using the terms

‘positivist' and 'interpretivist'.

Positivism is associated with the natural sciences where the researcher is seen as
external to the experiment so that findings are viewed as objective. The elimination of
the subjectivity of the researcher is epistemologically “taken as ‘good grounds’ for
considering the knowledge claim to be valid or true.” (Scott and Usher 1996, p.12). For
those social scientists adopting this paradigm, the underlying ontological assumption is
that the social world is like the natural world: it follows sets of rules, and is predictable.
These ontological assumptions lead to the epistemological assumptions that these rules
can be uncovered in an objective manner and can be expressed as generalisations. These

generalisations can then be predictive.

Usher (Scott and Usher 1996, pp.16-17) cites Kuhn’s work (Kuhn 1970) to argue that
scientific research can be “examined and critiqued in the same way as other social
practices because, research, contrary to dominant philosophical understandings, is a
social not a logical process” The positivist belief in knowledge leading to some
ultimate truth is challenged by Kuhn’s approach, because ultimately “what constitutes

‘knowledge’, ‘truth’, ‘objectivity' and ‘correct method’ is defined by the community
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and through the paradigm of normal science which shapes its work.” (Scott and Usher

1996, p.17).

What has emerged following Kuhn’s work are new methodologies. Carr and Kemmis
(1986, p.83) describe those methodologies that have been developed in educational
research, as seeking “to replace the scientific notions of explanation, prediction and
control, with the interpretive notions of understanding, meaning and action.” This
promotes the view that educational research should not merely be data collection but
should be specifically aimed at understanding and transforming education. However, a
positivist tradition has remained in social research in general, and specifically in
educational research. Here positivist researchers show a desire for “the precision and
level of understanding characterised by the physical sciences” (Hitchcock and Hughes,
2001 p.22). There has also been an attempt to ensure that this research conforms to
Popper’s ideas that the validity of the scientific method depends on the possibility of
demonstrating the falsifiability of the hypothesis. This has according to Carr and
Kemmis (1986) ensured that the methods employed by these researchers are primarily

quantitative, as this is the form of data that can be most easily falsified.

However, in the last thirty years there has been a growing commitment to qualitative
research in the social sciences, and in a method of research known as action research. In
education research that uses the action research model, the teacher is placed in a pivotal
role in the implementation and assessment of educational practices. Action research has
been generally envisaged as a collaborative effort on the part of teaching colleagues and
students. Carr and Kemmis argued that action research would give “form and substance
to the idea of a self-reflective critical community committed to the development of
education.” (1986, p.5)

4.3 Action Research: Problems and Solutions

Carr and Kemmis were not the first to use the term 'action research'. It seems to have
been introduced by social psychologist Lewin (1948, pp.202-203) who described the
research needed for improvements in social practice as “a type of action-research, a
comparative research on the conditions and effects of various forms of social action, and

research leading to social action.” He went on to describe an approach that involved a
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spiral of steps "each of which is composed of a circle of planning, action and fact-

finding about the result of the action".

Cycles of action, reflection, followed by modification of action have become a defining
part of an action research project. Nowadays meaningful reflexive practice includes
cycles of modification and improvement in response to experience. However, this
method of conducting research does not define action research. It is much more than
cycles of action, reflection and response. It is important to recognise that action research
is, as Pine (2009, p.29) explains: “a paradigm and not a method. As a paradigm, action
research is a conceptual, social, philosophical, and cultural framework for doing
research, which embraces a wide variety of research methodologies and forms of

inquiry.”

Indeed, much of positivist empiricism follows a similar path; although sometimes
described as a linear path, this doesn’t reflect the process that the experimenter is
involved with on a day-to-day basis. Laboratory work follows recursive paths of action
and modification of action. But of course one of the sharpest distinctions between
positivism and non-positivist paradigms is the status of the researcher. Within the
positivist (and postpositivist) tradition the researcher’s presence is seemingly
annihilated as an influence on the outcome of the research. The research is seen as
being ultimately distilled into a simplified linear representation within published papers.
Positivist research is presented there as an orderly progression from hypothesis, method,
and results to a conclusion which at best will support some current theory. Not only is
the research not perceived as part of a socio-cultural fabric but the target end-point is
solely the publication of a text, often without any consideration of its contribution to
knowledge within its own field. This text is highly formalised in structure and does not
even permit any record of negative findings or false trails that formed part of the

recursive nature of the research.

But all academic writing imposes its own strictures. Even the highly personalised,
reflexive nature of action research is, in the end, recorded in a text that is formalised and
selective, written to tell a narrative as clearly, meaningfully and honestly as possible.

This thesis itself has a template that dictates the order and style of presentation. Itisa
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form that attempts to bring order and comprehensibility to a process that has

multifaceted, recursive complexity.

But action research is more than a text which might be written. It can also impact of
individual practice. McNiff and Whitehead (2006, p.7) define it as “a form of enquiry
that enables practitioners everywhere to investigate and evaluate their work”. The
practitioner and the researcher become one as an insider researcher. It is this self-
reflexive, transforming practice of the practitioner that is unique to action research.
However, this should not be seen as an isolating, self-indulgent form of research —
ultimately a researcher can have goals for improvement of society at some level. The
improvement can be within one’s own approach to teaching, or can aspire to have more
far-reaching consequences, as Reason and Bradbury (2008, p.1) explain: “Action
research is a family of practices of living inquiry that aims, in a great variety of ways, to

link practices and ideas in the service of human flourishing.”

But action research has posed a challenge to the general research community by
removing research from the professional, academic forum and handing it into the hands
of those at the chalk face. McNiff and Whitehead (2011, p.37) summed up the dilemma:
“Action research is such a common-sense approach to personal and professional
development that, when people first meet the idea, they often say, That’s what I do in
any case. What’s different?” The authors proceed to explain that action research
justifies its claims to knowledge by “the production of authenticated evidence" that are

then “subject to critical evaluation to test their validity”.

Herein lies a major criticism of action research, namely, that much of the critical
evaluation is in the hands of the practitioner-researcher. Traditionally evaluation has
been placed in the hands of outsiders, who are viewed as more objective, more reliable.
Positivists would argue that the system of peer review of papers in the natural sciences
provides the highest level of evaluation. And yet the flaws in that system have been
revealed by a series of scandals in recent years with high-profile papers being retracted
after being peer-reviewed and published in prestigious journals.

It is perhaps relevant to mention a recent scandal about false stem-cell research where
the research paper was retracted following publication in the prestigious journal Nature
(Jan 30, 2014). It prompted the New Scientist (March 29, 2014) to conduct a poll of
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scientists working in the field of stem cell research. Among those who responded to the
poll, 5% answered yes to the question asking whether they or a colleague had ever
falsified or augmented data that appeared in a published paper.

There is no doubt that action researchers require, as do all researchers, a high level of
integrity and honesty. But the issue of the validity of research claims in action research
does have to be addressed. What can replace the positivist reliance on generalizability
and replicability? As in all research, being open to the comments and criticisms of
colleagues is one important avenue for assessing validity but action research has
generated new ideas and concepts to deal with the problem of claiming validity for
research findings. McNiff and Whitehead (2011, p.163) list some of the most common
and | am reproducing their complete list here because it shows the innovative
approaches that are being developed to meet the challenge of new paradigms of
research:

Catalytic validity — This term, coined by Patti Lather in 1991, expresses
the idea that the experience of the study would enable people to move to
new, more productive positions.

Construct validity — Refers to the idea that a researcher already has ideas
and models (constructs) about the topic they are researching. It is
therefore important to use multiple ways of establishing that what they
are investigating really is going on, and is not just them imposing their
existing constructs on the reality they are observing.

Face validity — An issue appears as basic common sense; you recognize
its truthfulness at face value.

Ironic validity — The researcher does not take things simply at face value
but interrogated underlying assumptions.

Rhizomatic validity — Another term coined by Lather that refers to the
interconnected nature of human enquiry and the power of a study to have
influence in multiple directions.

At this stage of my research | can see different concepts of validity being applicable to
my research. Certainly 'ironic validity' and ‘rhizomatic' or ‘catalytic' validity would
seem to have relevance. | have tried to challenge underlying assumptions in several
aspects of my research, and in the couple of years since completing my last intervention,
other members of staff have adopted the method | employed in that intervention.
Methods of evaluation are another set of challenges facing any paradigm that breaks
with the positivist tradition. While traditionally empiricists have understood evaluation
to mean calling upon some absolute proof for verification, there is a shift towards the
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“idea of reasonable evidence” McNiff and Whitehead (2011, p.79). There is the
important question about who actually does the evaluation, and in action research it is
the practitioners themselves who claim the right to self-evaluate, though as McNiff and
Whitehead (2011, p.81) point out practitioners must make their “evaluation processes
visible” and “show that these are rigorous and robust, and produce strong evidence to
show that they as practitioner-researchers are competent and capable”. This is a serious
injunction which must be a guiding principle throughout my research.

4.4 Towards a Methodology

At the basis of all research are the fundamental assumptions that there is something
knowable to be discovered, and it can be communicated in some meaningful way to
others working in the field. However, research in education poses particular challenges
because of the problems of identifying what is knowable, and establishing ways by
which it can be uncovered. These difficulties are made even more complex due to the
fact that the processes being studied in a classroom are dynamic: there is a feedback
loop involving teachers and students, which can impact of both parties in many
important ways. As Yates (2004, p.3) notes “education research is a human, situated
practice” which is itself “directed at, as well as located in, a field of activity (education)
that changes form over time and place.” She continues to explain that because research
is “contextually located” it cannot be approached in the same way as the experimental
sciences. This does not mean that there is any lack of rigour in the methods employed
to investigate questions relating to educational practice. But it does necessitate that the
initial premises, including those which relate to epistemology (what the researcher can
find out) and to ontology (the nature of reality) need clarification by the research

practitioner at the outset of a project.

According to Carr (1995, p.1)

Research always conveys a commitment to philosophical beliefs even if
this is unintended and even though it remains implicit and
unacknowledged. Researchers cannot evade the responsibility for
critically examining and justifying the philosophical ideas that their
enquiries incorporate. It follows that philosophical reflection and
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argumentation are central features of the methods and procedures of
educational research.
But the elements that constitute the researcher’s position are difficult to define as there

Is constant flux as Hitchcock and Hughes (1995, p.21) explain:

...ontological assumptions will give rise to epistemological assumptions
which have methodological implications for the choice of particular data
techniques. The significance of the interplay of all these aspects cannot

be over-estimated.

The complexity of this mix is further compounded by the fact that these assumptions are
constantly in interaction with my changing perceptions concerning my teacher identity,
which is in part subject to my understanding and experience of the power relationships
within my classroom, within the educational institution | work in, and under the

influence of broader societal influences.

In conceptualising my methodology, I have found it helpful to use Pryor and Ampiah’s
topographical representation of an “elastic plane” (2004, p.162), with its shape
determined by ‘forces’ tugging at the edge of this 'rubber sheet’. The ‘forces’ include,
most importantly for me, epistemological and ontological assumptions, and also
micropolitcal issues. The problem remained on where to situate my researcher-teacher
identity within this framework: was it a force pulling outward on the elastic plane or
was it situated within the plane, influenced by all the peripheral forces that act on the
methodology itself? | found it particularly helpful to adopt the suggestion given by
Dunne et al.(2005, p.168) that in the topographical representation of Pryor and Ampiah,
“it might be possible to substitute for 'Methodology' the words 'Researcher Identity"””.
This concept of the centrality of researcher identity within the context of research, how
it is transformed and transforming, is resonant with my own experience. Moreover, |
find it helpful to acknowledge that it is impossible to exclude it from the heart of my
perceptions and understanding of the wider epistemological and ontological issues

which are shaping the methodology of my research.

4.5 Ontological Issues

Fundamentally an ontological stance attempts to answer the question: “What is the form
and nature of reality and, therefore what is there that can be known about it?” (Guba and
Lincoln 1995, p.108).
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In 1995 Guba and Lincoln (1995, p.105) analysed four paradigms that were competing
to be accepted as “the paradigm of choice in informing and guiding inquiry, especially
qualitative inquiry”. I have listed them here and included in brackets the ontological
position that each adopt, (adapted from the table in Denzin and Lincoln (2005, pp.102-
115):

1. positivism (with 'real’ reality that is deterministic and therefore predictable)

2. postpositivism (‘real’ reality but accepting that our understanding is imperfect
because of the nature of the phenomena. Our understanding is often given in
terms of probability with reliability determined by methods of statistical

analyses)

3. critical theory (which gives rise to a 'reality’ that has been shaped by a whole
range of socially related factors such as those affected by local politics, culture,
and gender).

4. constructivism (reality is constructed by individuals situated within specified
locations; a self-reality that is gained through interpretation of situated

perceptions)

Guba and Lincoln first identified these four paradigms in 1995 and then, ten years later,
added a fifth (2005, p.195); they termed it “participative reality — a socially constructed
reality, similar to constructivism but created by mind and surrounding cosmos”. This
seems like a specific case of constructivism and Mertens (2010, p.8) does not accept
that it is another paradigm, she describes it as “a methodology that can be applied to
various paradigms depending on the beliefs that guide the researcher” and does not
include it alongside the other four. However, it does appear as a fifth paradigm in
Denzin and Lincoln (2005, pp.102-115) extensive table detailing: Themes of
Knowledge: An Heuristic Schema of Inquiry, Thought, and Practice. This table is a rich
resource for understanding many aspects of the different paradigms. As | have identified
my research as interpretivist/constructivism, | shall only use this table to extend my

understanding of this particular paradigm.

Interpretivist and constructivism seem, for my purposes, interchangeable terms. As

Schwandt (1994, p.118) explains with reference to these terms:
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Proponents of these persuasions share the goal of understanding the complex
world of lived experience from the point of view of those who live it...The
world of lived reality and situation-specific meanings that constitute the general
object of investigation is thought to be constructed by social actors.

A description of constructivism ontology is given by Guba and Lincoln, (1994, p.113):

Knowledge consists of those constructions about which there is a relative
consensus (or at least some movement towards consensus) among those
competent (and in the case of more arcane material, trusted) to interpret the
substance of the construction. Multiple 'knowledges' can coexist when equally
competent (or trusted) interpreters disagree, and/or depending on social,
political, cultural, economic, ethnic, and gender factors that differentiate the
interpreters. These constructions are subject to continuous revision...”

This ontological stance requires me to be aware that the social/educational reality that |
describe is locally and specifically constructed, and unique to those factors which
influence that knowledge. Unlike the positivist | do not acknowledge the existence of
an objective world but recognise that my research is bound within a specific context
dictated by many constraints, some more easily recognised than others. While my
findings do not automatically lead to generalisations and predictive outcomes, | would
argue that the outcomes of interpretivist research can be an important stimulus that
provokes other researchers bound by different local conditions to explore similar
questions within their own environmental context. (I use the word ‘environmental’
loosely here to imply all those factors which make a piece of research situated within a

particular context).

4.6 Epistemological Issues

The ontological view | am taking necessitates that the epistemological question: “What
is the nature of the relationship between the knower or would-be knower and what can
be known?” (Guba and Lincoln 1994, p.108) should be answered in an appropriate way.
Guba and Lincoln (1994, p.111) expand on this and explain that:

The investigator and the object of investigation are assumed to be interactively
linked so that the ‘findings' are literally created as the investigator proceeds.
The conventional distinction between ontology and epistemology disappears...”

This description is especially helpful because it deals with the crisis | have felt of the
intertwining of ontology and epistemology. My relationship with what can be known
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meshes intimately with the reality within which | am situated. And both my ontological
and epistemological assumptions are affected by my researcher identity, which holds
centre stage in the rubber sheet image mentioned earlier. There it was suggested that it
could be situated as the central elastic plane succumbing to the other influences, but this
should be seen as a two-way interaction. The elasticity of the sheet has its own
interactive effect on the tensions being applied to its edges. Ultimately, the whole
complex of these interactions falls within the influences of reflexivity; it is through the
prism of critical reflexivity that concepts and assumptions are formulated, and

reformulated.

Furthermore, it is reflexivity that will inform the text | write describing and interpreting
my research. A text is always a subjective selection of information that employs a
certain rhetoric (even subconsciously) to expound and explain its claims. There are
issues of contextuality and intertextuality to be explored here to understand the
epistemological status of a research text. Dunne et al. (2005, p.143) explain the
relevance of intertextuality, stating that “our texts do not stand alone but are inevitably
imbued with the presence of those absent texts that have been part of our experience and
have influenced us one way or another as researchers”. And, of course, we sometimes
give them a nod by actually quoting from them, while others have influences
unacknowledged even subconsciously. This quote from Roland Barthes (1977, p.146)
gives a meaningful description of the problematic nature of text:

a text is not a line of words releasing a single ‘theological meaning’ (the
‘message’ of the Author-God) but a multidimensional space in which a
variety of writings, none of them original, blend and clash. The textis a
tissue of quotations drawn from innumerable centers of culture.

Although he is primarily writing about literature and literary criticism, his words have
relevance to all text. Empiricists often think of their texts as standing apart from those
written in the humanities, and believe that it is easier for them to achieve transparency
of meaning. But | am fortunate to have experience as a rewriter and editor of texts and
research papers relating to current research in physics to know first-hand how
problematic it is to discern unambiguous meaning from those texts. The writer
perceives clarity of meaning but readers deciphering meaning will often come to sharply
different interpretations. And the scientists do find the process of writing problematic

because the ideas and concepts they are playing with at some level of mind do not
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comfortably translate into communicative text. Scientific writing resorts to metaphor
and imagery to create impressionistic textual correlates to the ideas that the writer is
attempting to convey. It also adopts conventions from its own community which can
also impact on the integrity of a text. Every writer, in all subject areas, confronts the
same problems: creating meaningful text and acknowledging the factors influencing

‘authentic' text production, whatever readers understand that to mean.

In action research the researcher is acknowledged as an ‘insider' and so the text could be
termed an 'insider text' which seems to give it an authority which perhaps an outsider
author cannot claim. However, the notion that this somehow privileges the result is
dismissed by MacLure (2003, p.103-104) who discusses the notion of “fextual
innocence” (her italics) derived from perceptions of insider knowledge. She points out
that “the view from the inside is never, in any case, ‘enough’ in research terms:
something else is always needed to complement or complete it...The researcher always
acts as some kind of broker between the inside and outside, however minimally she
envisages that role.” Indeed, it could be argued that the ‘'insider" is a product of both the
inside and the outside, and any written text is subject to those forces, the forces that are

at work in contextuality.

Contextuality is seen as an important influence on the way we construct written text. It
can be understood to be those elements which influence us, and in a profound and
meaningful sense actually make us who we are. There needs to be an awareness of those
factors which can most directly influence our construction of a text. Usher particularly
highlights (Scott and Usher 1998, p.45): “the socio-cultural subjective, the contextual
self or, to put it another way, the embodied and embedded self”. He stresses that this
does not give rise to biases that need to be identified and somehow eliminated but these
biases are “ineliminably part of us, which can be recognised but not willed away”. He
adds, powerfully and meaningfully for this researcher: “they are the marks of the
trajectory of our desires and emotional investments in the research act.” Ultimately it is
reflexivity as part of constructive epistemology that results in the written text forming

“part of the flux of social meanings” (Dunne et al.2005, p.139).
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4.7 Research tools

Before embarking on my action research | read extensively and explored the methods of
data collection that could be used for my research (e.g. McKernan, 1996; Cohen et al.,
2010). 1 selected those ways that seemed appropriate to investigating my particular
research questions. This resulted in a blend of quantitative and qualitative methods.
Details of the success and failures of each method are discussed more fully in the
relevant chapters that focus on the different phases of my research. Here |1 am giving an
overview of the research tools | employed with some reflections both on their
usefulness and their limitations. The section headings are drawn from those used by
McKernan (1996).

4.7.1 Unstructured observation

Throughout my research | tried to be sensitive to the factors influencing my collection
and interpretation of data. But the highly subjective observations of the teacher-
researcher can shine a light on student experiences within the classroom. This
opportunistic collection of feedback is useful in giving spontaneous glimpses into
student reactions to the learning activities and curriculum content provided by the
teacher. The unsolicited comments following a class or the discussion resulting from
chance encounters at the coffee bar were recorded in my daily diary, and quoted within

this thesis.

4.7.2 Self-report techniques

4.7.2.1 Attitude scales

| used attitude scales within my questionnaire to assess interest using a three-
point Likert-scale. The information collected was then used to calculate an
'index of interest' and a measure called 'attentiveness' (see Chapter Six for an
explanation of how these were calculated). By calculating these values, | was
able to make comparisons with similar data from other countries. This was not
just inherently interesting in terms of situating my research in a more general
context, but it also revealed, surprisingly, that there seemed to be some elements
that seemed to be shared with some of the international data. Despite the
problems of making international comparisons which are detailed where | have

made them, it was perhaps important that my data fell within international
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values. Data that fell well outside these ranges might have indicated a failure in

the way the method was applied or in the detailed computations.

4.7.2.2 Questionnaires

My questionnaires were given at the beginning of class. They were anonymous
and | reminded students that this was part of my educational research project and
they had no obligation to fill one in or answer any question that they didn't feel
comfortable with. All questionnaires were always returned fully answered. |
always tried to keep my questionnaires short so that students could completed
them in about 10 minutes. The questionnaires mainly used fixed response
(closed) questions but wherever relevant | provided extra lines for students to

give free responses.

The questionnaires had different purposes: they gave general data on the level of
high-school science education of the students; they identified levels of interest in
socioscientific issues (SSIs); they allowed students to show the level of
involvement they felt the public should have in the decision-making processes

relating to SSls.

4.7.2.3 Interviews

Initially I thought interviews, especially semi-structured, would be a valuable
research tool. During my reconnaissance | formed focus groups, each of five or
six volunteer students who committed to meet every few weeks throughout the
semester. We met twice and | then abandoned the process. There were several
problems. Firstly, | was acutely aware that my students thought of me as in a
position of power — marking their assignments, marking their exams, giving
them a class grade that determined their final grade (a score that determined
which degree courses they could gain admission to). Even the act of
volunteering to participate was probably viewed as a way of optimizing the class
grade that | give them. The teacher's class grade is 20% of their final grade. But
I had announced at the beginning of the semester that | give everyone 100% as
long as the student participates actively in the course. | also told them that |
would inform them during the semester if | thought they were at risk of getting

less than 100%. The students didn't seem to believe me and asked about their
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class grade on a regular basis. They even came to plead for a higher class grade
once they got their final grade after taking the final exam — even though they
already had 100% from me.

Being aware of the way they perceived my power in the teacher-student
relationship made me sensitive in all exchanges | had with students, particularly
in any formalised face-to-face setting.

| was aware that getting reliable, honest responses in an interview setting was
highly problematic because the teacher might be perceived as being in a position

of power, someone to please.

4.7.2.4 Projective techniques

This research tool is described by McKernan (1996, p.134) as providing an
opportunity for a respondent to 'project’ themselves by, for example, completing
incomplete sentences or answering open-ended questions. The method | devised,
which | called the petek (Hebrew for ‘note’), falls under this category. Students
were given a half piece of coloured A4 paper and ask to write, anonymously, a
response to a question that | wrote on the board. The papers are then folded and
placed in a plastic bag that is handed round. This method could give me a
snapshot of student opinion on something we had been doing in class, or provide
a more reflective response on aspects of the course (details are given throughout
this thesis). But analysing them was painstaking and time-consuming. | used a
standard method of content analysis and coding. The method was based on
descriptions of the process in the literature (e.g. Cohen et al. 210 pp. 476-483). |
redid the analysis on all these slips of paper a year later to check that I got the

same results.

4.7.3 Class discussion

The use of discussion was an important part of my teaching strategy. It was the
problems associated with these class discussions — dogmatism and unwillingness to
consider or listen contrary opinions — which helped me formulate the intervention |

chose.
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4.8 Triangulation

Within action research triangulation has become a method of demonstrating validity and
reliability of research carried out by a practitioner researcher. It also is a way of
ensuring that the complexity of a topic is being investigated from different standpoints
to give depth and greater understanding. In its first format Elliot (1977, p.10) described
it as "gathering accounts from three quite different points of view". As | did not have a
participating observer, | could not carry out this procedure of validation. However,
Denzin (1997) outlined three types of data triangulation: time, space and person.

All of my questionnaires were given to different classes in three successive years in two
different institutions of higher education. | was therefore able to look at the data
collected from 8 different classes in total over the years 2009, 2010, 2011. The fact that
this data showed internal consistency with different classes over successive years could
be considered as a method of triangulation verifying some of the data sets from my
questionnaires. The similarity in responses helped confirm that there was a more
general validity to my research — the responses from a single class could have been a
determined by many local considerations, and not representative of a wider student

body.

My research would, of course, benefit from being pursued in a wider context and with a
longitudinal study over several years with the same students to explore longer term

effects of the intervention.

4.9. Ethical considerations

Throughout my research | tried to maintain an awareness of any ethical issues that
might arise. Sometimes one can fail to recognise where there might be an ethical issue.
For example, in discussing my first questionnaire with my head of department, she
pointed out that while it was fine to ask whether the students had a specific science
bagrut, it would not be regarded as ethical to ask them to give the number of points they
got on the exam, even though the questionnaire was anonymous. It could cause them
discomfort to have to write down a low grade. This response made me realise that even
when responses are given anonymously | must maintain sensitivity to the way my
students might feel at the moment of writing their reply. The emotional and

psychological well-being of the student remains paramount throughout the research.
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On the other hand, the anonymous feedback I regularly asked for in the form of a petek
was welcomed by the students. An opportunity to give their opinion on the quality and

meaningfulness of an element of the course was something that they appreciated.

In the first lesson of the semester in which | taught my classes at the university, | told
my students that | was doing educational research that | hoped would improve the way |
taught. 1 explained that I was especially interested in scientific literacy, and briefly gave
an outline of what this term can mean, namely being able to participate in discussions

on social scientific issues.

| explained that | would be giving them a questionnaire and gathering feedback
throughout the semester on their opinions on the content of the course and the way |
was teaching it. It was made clear that that their comments and the questionnaires they
filled in would be anonymous. | also explained exactly how long any questionnaire |
gave them would take to fill in. No more than a total of about one hour of the whole
semester was taken up with the questionnaires or feedback peteks. A single

questionnaire was typically not more than 10-15 minutes to fill in.

Before giving them questionnaires | made it clear to the students that they were under
no obligation to answer all, or any, of the questions. And there was always a note at the
top reminding them that this was part of my research and should not have their name

written on it, and that they were not obligated to answer all, or any of the questions.

| also explained that as part of this mechina course there was always a project and the
one | would be giving them was of special interest to my research. The students would
be required, as in every other course, to do the project. But if | used any part of their
project in my research it would remain totally anonymous. They were not obliged to
return their written work to me at the end of the semester after | had seen it and they had

used it as the basis of a presentation.

I also notified them that none of their work, including the project would affect their
class grade and introduced them to the fact that they would all get 100% class grade

from me for actively participating in the course. This was a policy | had adopted years
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before this research began. (This class grade constituted 20% of their final grade). I
stressed that making mistakes did not matter, and in fact they should be valued as the
place where learning begins. This novel concept of not losing marks for getting things
wrong was not a concept that the students grasped easily (see section 4.2.3 above). The
100% class grade was at risk if they did not participate actively in the whole course
throughout the semester. | explained that | would always warn them if there was any
chance they would lose marks from the class grade. | met and talked informally with
any student who did not seemed engaged with the course; they invariably bounced back
and secured their 100% grade. Those who didn’t return to being diligent students were

usually about to drop out of the mechina completely.

I informed my classes that | was in the mechina on three days a week (and gave my
hours) so that they could come and ask about my research, or raise any other issues
relating to the classes. They were also given my email address. A few came to me
during the semester to ask about my research. Everyone filled in all questions on the

questionnaires, and gave detailed and informative feedback on the peteks.

I also told all students that if they ever wanted to read my doctoral thesis they could
contact me by email and | would make a copy available to them. | have one student

who followed up, but he didn't realise it would take so long to complete!

The university where | taught was informed of my research and raised no problems.
Their signed consent form is in Appendix A.
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Chapter Five

Research Plan

Introduction
This chapter provides an overview of my action-research project. It deals with my
research year by year, showing exactly what happened at each stage. It provides a map

that will help a reader navigate through the rest of this thesis.

The theoretical underpinnings of this research are discussed in detail in Chapter Four,
where my interpretivist approach throughout this action research is established. Chapter
Five forms a bridge between the theoretical discussions of Chapter Four and Chapters
Six, Seven and Eight, each of which is dedicated to one year of my action research
project. Each of these chapters (6,7 and 8) give details of: the implementation of the

research methods; data analysis; and conclusions.

The nature of action research with its recursive cycles, and the cycles within cycles,
makes a linear description from the beginning of the research to the end extremely
problematic. | have tried to capture this dynamic process in chapters 6,7, and 8. They
are written so that the reader can follow the path of experience of both myself and my
students. This approach retains some of the authenticity and spontaneity of the
experience of being a teacher-researcher. It tries to reflect the fact that | am engaged in
“constructions that are subject to constant revisions” (Guba and Lincoln 1994, p.113),
and attempts to capture some of the complexity associated with the multi-layered nature
of my research. This approach can at times seem confusing and dense. It is hoped that
this chapter, my research plan, shows how the threads weave together and complement

each other. It prepares the reader for the twists and turns that lie ahead.

There are three sections in this chapter, each is dedicated to one of the three years over
which this action research was conducted namely: 2009, 2010 and 2011. It should be
noted that both 2009 and 2010 constitute reconnaissance. It is in 2011 that my

intervention, in its final form, was implemented and evaluated. Each section in this
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chapter is followed by a synoptic table which can be referred to if a quick overview is

needed when reading subsequent chapters of this thesis.

5.1. 2009: Preliminary Reconnaissance

This section provides an overview of the research | did in the first semester of the
academic year 2009-2010. It is discussed in detail in Chapter Six. It followed extensive
reading on action research, classroom practice, and scientific literacy, which is
discussed in Chapter Three, Literature Review. A synopsis of this cycle of my action

research is given in Table 5.1.

I used the 2009 reconnaissance to gather general information about my students using
essays, open-ended questions, and questionnaires. This stage allowed me to pilot each
of these methods and decide if they needed to be modified. (All information received

was anonymous).

My preliminary reconnaissance had two threads:

Getting to know my students: this includes autobiographical essays that they wrote
about themselves and also views they had on specific aspects of education.

Student scientific literacy: this includes discovering the level of school scientific
education they had received, assessing general interest in science and technology, and

identifying interest in specific SSIs.

5.1.1 Getting to know my students

As a teacher-researcher | was aware that my classroom style was, on the whole, teacher-
centric. And although I did try to encourage class discussion, it was not successful. |
recognise that I come from a teaching tradition which does not gather student feedback
on the content and style of what is being taught. Much of my teaching has been based
on assumptions about what should be taught and how it should be done. The voice of

the student went unheard.

For this thread of my preliminary reconnaissance all my research was done with a single
class in the university mechina. They were a top class who already had an exemption in

English. | focused on either the class in the science stream, designated ‘U sci’, or the
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class on the humanities track, designate ‘U hum’ chose to focus on a top class at the

university mechina who already had an exemption in English.

U sci (N=27) were given two homework assignments within the first two weeks of the
first semester and asked to write short essays entitled: “Something interesting about
myself”, and “How to improve the Israeli education system”. They are generally never
given essays to write in English because it is assumed that their level of writing is too
low. I needed to know how well they could write, as | wanted to make written feedback
a regular means of ‘hearing’ the voice of my students. The majority were able to write

clearly and communicate ideas effectively.

| also gave the U sci students a simple questionnaire in which they had to identify the
English skills that they felt needed improvement (from a list of seven). | wanted to
know how well this matched with the skill content that was required to be taught by the

university.

A single open-ended question was given to the humanities stream, in the university
mechina, U hum (N=34), it read: “What are the two most important qualities a teacher
should have?” The importance of this question is discussed in section 6.1.2 (p.92). In
the literature there is no indication that student opinion (especially at tertiary level) has

ever been collected.

I tried to identify my own expectations of student responses prior to collecting and
analysing them. This was an important element in the “construct validity” of McNiff
and Whitehead (2011, p.163). The various forms of student feedback gave me the
authentic experience of my students against which my own assumptions could be tested.
For example, | had notions of what makes a good teacher, would my students have the
same ideas? If not how would | integrate their judgements into my own teaching

practice.

5.1.2. Student scientific literacy
There is a great deal of discussion elsewhere in this thesis (see Chapter 3) on the
meaning of the term ‘scientific literacy’, and how my research is situated within a

particular framing of current ideas relating to scientific literacy. | acknowledge the
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fundamental importance for students to have the ability to interpret meaning and infer
author intention from texts (Norris and Philips, 2003). However, this is what most of my
class time is devoted to. My research focuses on the importance of critical thinking
skills as a focus of improving scientific literacy, and for my action research | focus on a
particular critical thinking skill — “open-mindedness regarding divergent world views”
(Faccione, 2015). It is improving this ability that became the focus of my intervention,

and it is the means | use to improve scientific literacy.

In 2009, I investigated the level of interest in science and technology, the amount of
school science education part of my reconnaissance was conducted with four of the
classes that I was teaching in the first semester. In the university mechina I selected the
two top classes who already had an exemption in English, one in the humanities stream
and one in the science stream. They are designated U hum (N=34) and U sci (N=27),
respectively. | also chose the two top classes that | taught at the college of engineering;
they were already studying in their first year of their engineering degrees; both of these
college classes needed to pass my one-term course in order to gain an exemption in
English. One class was taught Monday and Wednesday and is designated CE M,
(N=29), and the other class was taught Tuesday and Thursday and is designated CE T
(N=27).

I used the same questionnaire (QNR A) with all four classes (U sci, U hum, CE M, CE
T). It asked their age and gender, and the subject (or proposed subject) of their degree
course. It also had a section for them to identify any science bagriot they had taken (and
the level taken), as this would enable me to assess the level of school science education

they had received.

QNR A also had questions on interest in science, technology, sport, politics etc. It was
assessed with a three-level Likert scale that allowed me to compute ‘Index of Issue
Interest’ and ‘Attentiveness’ scores. The scores were averaged over all four classes
(N=117). This method of scoring is widely used and provides a single score from a
three-level Likert scale. | compared my data with that of several other countries.
International comparisons are somewhat problematic within an interpretivist
framework, and | acknowledge the unique socio-cultural context in which all my

assessments are done. However, the international comparisons are useful in indicating
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how the levels of interest in science and technology among my students (with negligible
science education) compare with that in other countries where there is considerable
emphasis on teaching science in school. This research was done to help explore my
research question on the relationship between level of school science education and

degree of interest in the subject.

These four classes (N=117) were also given questions with open-ended responses to
investigate their views on astrology. Throughout the western world and in China, the
prevailing definition of scientific literacy is knowledge-based, and astrological belief is
identified as anti-scientific (Miller, 1983, 1987a, and Chen, 2009). Instead of asking
‘do you believe in astrology?’ I provided open-ended questions which allowed much
more nuanced responses. | hoped that the students’ responses might give me an insight
into their views on astrology and perhaps show that there is not a simple yes/no choice
here. A more complex range of views would enable me to challenge the idea that a
declared belief in astrology should immediately preclude someone from being identified

as scientifically literate (regardless of the definition of scientific literacy being adopted).

The four classes were also given a questionnaire to assess their interest in a wide range
of SSls. Instead of assuming what might interest my students and selecting texts that
related to those topics, | decided to design a course that, at least some of the time, would
provide texts on topics that the students identified as of interest to them. The students
were also able to suggest any socio-scientific issues that they would like to study during
the semester.

All efforts to promote scientific literacy assume that the general public want to
participate in decision-making processes relating to SSls. By taking a single question
on a ‘hot’ topic in Israel, namely the construction of a nuclear reactor, and providing it
in the form of a VOSTS (Aikenhead et al. 1989, p.33), | was able to investigate whether
my students thought there should be public involvement in this decision. VOSTS are
discussed in Chapter Three. This VOSTS was given to all four classes, but not all

students were present (N=96).
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Table 5.1. 2009: The Preliminary Reconnaissance. This Table gives a synopsis of

all the research described in sections 5.1.1 and 5.1.2.

Abbreviations used in this table.

QNR = Questionnaire

U sci = University mechina class, science stream, exemption for English (N= 27)

U hum = University mechina class, humanities stream, exemption for English (N= 34)
CE M = College of Engineering, top level English class (Mon and Wed class) (N= 29)
CE T = College of Engineering, top level English class (Tues and Thurs class) (N= 27)

When Class Research Description Objectives
given tool
2009 U sci Essay Title: Something | To get some insight
Beginning interesting about | into my students.
first term me
2009 U sci Essay Title: How to To learn about
Beginning improve the student perceptions
first term Israeli education | of the education
system. system.
2009 U sci Single Which language | To discover what
Beginning question skills students students want from
first term want to work the course.
on? Choice
includes,
grammar,
reading writing,
speaking.
2009 U hum Single ‘What are the Did the students
Beginning question two most have the same view
first term important as | did, namely,
qualities a that expertise in the
teacher should subject matter was
have?’ most important?
Discipline rather
than pedagogic
qualities.
2009 U sci QNR A Questions: Age; | To discover
Beginning | U hum sex; science number of students
first term CE M bagrut studied; | with science
CET 3-point Likert education in
scale for interest | school.
in politics, To compute Index
science etc. of Interest and
Attentiveness for
each class, and
compare with
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international
scores.

To see how lack of
school education in
science impacts on
interest in science.

and who should
make the
decision.

2009 U sci Question Related to the An attempt to
Beginning | U hum value of going assess the
first term CE M to an astrologer | prevalence of
CET superstitious belief
in students.
2009 U sci Question List of SSlIs with | To discover the
Beginning | U hum 3-point Likert SSlIs which
first term CEM scale showing interested my
CET interest in each | students. Introduce
issue. texts on the most
popular subjects.
2009 U sci VOSTS A question A tool for
Beginning | U hum question on | relating to the identifying if
first term CE M QNR A construction of a | students feel they
CET nuclear reactor | should be part of

the decision-
making in an SSI.

5.2. 2010: Further reconnaissance and piloting the intervention

This section gives an overview of the action research done in the first semester of the

academic year 2010-2011. All the students | work with each academic year only have a

single semester of English, so the groups | worked with each year are a completely new

intake. A synopsis of this cycle of my action research is given in Table 5.2.

For my action research in the academic year 2010-2011 | decided to concentrate my

research on the two top classes | teach in the university mechina. These students have

an exemption in English, and not only read well, but can also express themselves clearly

both in speech and in written work. They are designated U sci (10) and U hum (10).

The previous year’s students are now designated U sci (09) and U hum (09)

There are two threads running through my action research in this second cycle are:
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5.2.1. Further reconnaissance, which parallels that of the reconnaissance of 2009 and
extends it.
5.2.2. Piloting the intervention, where the project relating to devil’s advocate is

introduced for the first time.

5.2.1. Further reconnaissance
There are several elements here that exactly parallel the reconnaissance of 2009. By
comparing results across the years | could see if there was any internal consistency

between the study populations of each year.

The two classes in the university are given the same questionnaire as used in 2009
(QNR A). The questionnaire provides data for assessing an index of interest and
attentiveness. This data allows for international comparisons. These are useful in
indicating how my students (with negligible science education) levels of interest
compare with that in other countries where there is considerable emphasis on teaching
science in school. This research was done to help explore my research question on the
relationship between level of school science education and degree of interest in the

subject.

The university science stream is given at the beginning of the semester the same list of
SSls with a 3-point Likert scale as used in 2009. These students are given this same list
at the end of the semester. They have had a whole semester of intensive science
teaching, and in my English class we have read texts and had discussions on many of

these SSls. This was designed to see if education in science affects interest in science.

| also set up focus groups and semi-structured interviews but was unable to use a

mediator other than myself.

5.2.2. Piloting the intervention

Having identified from the literature that an important way to improve scientific literacy
is to improve critical thinking skills, I design a project which focuses on the critical
thinking skill ‘open-mindedness’. The decision to focus on this particular ability came

directly from my classroom experience, which | found was shared by other teachers |
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knew within secondary and tertiary institutions of education. The project | designed,
based on devil’s advocate, might also help other attributes of the critical-thinker,
namely: scepticism and independent learning (Butterworth and Thwaites 2013, p.9).

This stage of my action research was conducted with my two classes in the university

mechina. The process from method to data analysis is described in detail in Chapter 7.

Table 5.2. 20010: Further reconnaissance and piloting the intervention. This
Table gives a synopsis of all the research described in sections 5.2.1 and 5.2.2.

Abbreviations used in this table.

QNR = Questionnaire

U sci = University mechina class, science stream, exemption for English (N= 27)

U hum = University mechina class, humanities stream, exemption for English (N= 34)
CE M = College of Engineering, top level English class (Mon and Wed class) (N= 29)
CE T = College of Engineering, top level English class (Tues and Thurs class) (N= 27)

When Class Research Description Objectives
given tool
2010 U hum Essay Title: Write To get to know my
Summer Level 1 about a person, a | students a little
course book, or event better.

that was a major

influence in

your life.
2010 U sci QNR A Questions: Age; | To discover
Beginning | U hum sex; science number of students
first term bagrut studied; | with science

3-point Likert education in

scale for interest | school.

in politics, To compute Index
science etc. of Interest and
Attentiveness for
each class, and
compare with
international
scores.

To see how lack of
school education in
science impacts on
interest in science.

To compare with
data I got in 2009
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2010 U sci Science Widely used US | The conventional
Beginning | U hum Literacy test used to approach to
first term Test assess scientific | measuring
knowledge. scientific literacy.
Allows

international
comparisons, and
also comparison
between science
and humanities

track students.

2010 U sci Question List of SSls with | Many of the SSIs
Beginning 3-point Likert would be discussed
and end of scale showing during the
term interest in each | semester. Did this

issue. impact on interest?
2010 U sci the petek For snapshot Using discourse

U hum feedback analysis, |1 would

be able to use this
as anonymous and
immediate student

feedback.
2010 U sci Open-ended | Feedback on This feedback
following U hum questions project to shapes the
intervention identify what intervention for the
students felt was | following academic
purpose of year.
intervention, and
their
interactions.
2010 U sci Focus group | Feedback on
U hum and semi- course and
structured intervention

interviews

5.3. 2011: The Intervention

In this cycle of my action research | continue to study only the two university mechina
classes (designated in all tables as U sci (11) and U hum (11)). They are given the same
questionnaire as used in 2009 and 2010 (QNR A). They are also given new open-ended
questions relating to their attitude towards scientific literacy and the importance of

science bagruyot in their school science education.

The intervention is still based on devil’s advocate but is modified slightly as a result of
the feedback from piloting the intervention in 2009. The main research tool for feedback

on the intervention is the petek.
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Table 5.3. 2011: The Intervention. This Table gives a synopsis of all the research
described in sections 5.3.1 and 5.3.2.

Abbreviations used in this table.

QNR = Questionnaire

U sci = University mechina class, science stream, exemption for English (N= 27)

U hum = University mechina class, humanities stream, exemption for English (N= 34)
CE M = College of Engineering, top level English class (Mon and Wed class) (N= 29)
CE T = College of Engineering, top level English class (Tues and Thurs class) (N= 27)

When Class Research Description Objectives

given tool

2011 U Sci Profile Age; sex; and Basic information

Beginning | U Hum QNR languages and indication of

of semester spoken with ethnicity from
mother tongue mother language.
identified.

2011 U Sci QNR A Questions: Comparison across

Beginning | U Hum science bagrut the years and also

of semester studied; compare science

3-point Likert and humanities
scale for interest | students in 2011.

in politics,

science etc.
2011 U Sci Open-ended | Students list Open-ended so that
Early in U Hum question SSls they are students can give
semester aware of from what interests

the media and them.

identify one that

they are most
interested in.

2011 U Sci Question Question asks To ascertain
Early in U Hum students if they | whether students
semester think scientific | perceive
literacy is themselves to be
important, and scientifically
allows them to literate, and

state whether whether they think
they think they | scientific literacy is
are scientifically | important.

literate.
2011 U Sci QNR Questions on To assess whether
During U Hum how important bagruyot per se are
semester students think regarded as
science important in

bagruyot are in | engaging with
helping them SSls.




88

engage with
SSls
2011 U Sci QNR with Questions on To gain some
During U Hum space for various ways of | insight into
semester student becoming students’ views on
comments | scientifically getting science
informed. education (not
bagruyot) in
school/university/th
e community.
2011 mid U Sci Instructions Intervention given
semester U Hum for in stages with
project/inter detailed
vention instructions.
2011 end of | U Sci petek Feedback on To ascertain what
semester U Hum intervention students perceived

as purpose of
intervention and
gather feedback on
what they found
useful. Did their
perceptions reflect
my intentions?
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Chapter Six

2009: Preliminary Reconnaissance
Introduction
This chapter presents the reconnaissance phase of my research which took place during
the first semester of the academic year 2009-10. The structure of the chapter integrates
the questions | was addressing, the methods | employed, and the data I collected. As
with the following chapters, it follows the path of my thinking. | have used subheadings
to help a reader readily identify the role of each section.
This chapter is divided into the following sections:
6.1 Getting to know my students. This is a major part of the reconnaissance and
provided an opportunity to get to know a little more about them at a personal level and
also their views on education, teacher qualities, course content.
6.2 Scientific literacy in the context of a reading programme Here | revisit some
general issues surrounding the term ‘scientific literacy’ in order to contextualise my
reconnaissance. By looking at the discussion of the ‘derived’ and ‘fundamental’
definitions of scientific literacy, | explain why my research on science literacy is
appropriately situated in an academic reading programme.
6.3 Why does scientific literacy matter? Here | clarify the goals of the quest for
scientific literacy and look at some of the measures that have been surveyed. This helps
contextualise some of the questions I include in my questionnaire. Each subsection here
relates to a question included within my questionnaire.
6.4 The study population. This includes an explanation of why my student groups are
particularly useful and interesting to work within the context of this research. A more
detailed overview of my students and the Israeli education system is given in Chapter
Two.
6.5 Reconnaissance data and analysis.

6.6 Conclusion

6.1 Getting to know my students

6.1.1 Personal essays

My action research made me realize how little | knew about my students, especially as |
had arrived in Israel only four years before | commenced this research project, and had

no prior experience of the country. | had begun teaching almost as soon as I arrived in
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Israel, initially Arabs in East Jerusalem. Eleven years later |1 am still unravelling the
complexities of living in a multi-ethnic society embedded within a Middle Eastern
culture. 1t is of considerable importance to understand the socio-cultural influences
within a classroom in order to teach appropriately, and build mutual understanding

between student and teacher.

From the outset of my research | prompted classroom debate wherever appropriate and
also gave brief writing assignments on topics that gave some insight into my students’
lives and the issues that concerned them. The freedom to choose the subject of the
intervention project was also an opportunity for them to identify a subject that was

important them.

| used open-ended questions to gain insight into my students lives and opinions. The
students provided anonymous written responses of any length. I rarely got less than two
paragraphs. The essays were usually one- or two-pages long. It was always surprising
how much was written, and how much thought and effort had been invested in this non-
compulsory assignment. All the essays were totally anonymous and the students were
given the same preamble as | used when giving them questionnaires more closely
related to my research, i.e. they had no obligation to answer all or part of them. 1 also
explained the nature of my research. | explained that | might extract a few illustrative
sentences for use in my thesis. But if any student wanted to do the essay but not to
make it available for quoting they could write ‘private’ on it and no part of the content
would be shared with anyone. | reminded them of this before the essays were handed in

at the beginning of the next lesson.

In October 2009 I asked them to write a few paragraphs entitled “something interesting
about me”. 8 out of 26 essays that were given to me, were labelled as private. And the
majority of students found this title very problematic, and wrote at length about how
hard it was to think of themselves as interesting in any way. They felt that they hadn’t

achieved anything in their lives that would be of interest to me.

6.1.2 My students’ views on Israeli education
Arriving in a new country there was a great deal for me to learn. | had committed to

working in education, and specifically teaching academic English. From the beginning |
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have taught at a university and other institutions of tertiary education. More recently |
have been co-opted into work at the Ministry of Education that relates to the teaching of

English within high schools.

But when | commenced my action research project in 2009, | realised that | had a rather
limited knowledge of the Israeli education system as a whole, and wanted to understand
how my students perceived its somewhat notorious failings — the complaints about
rowdy classrooms, and disaffected teachers abound. But was this my students’
experience? I decided that a negative personal question, such as “what didn’t you like
about school” would probably produce a great deal of personal narrative whereas |
wanted a more general view, but from their own perspective. | therefore asked one of

my classes at the university to write about ‘How to improve the education system’.

It is important to reflect on what answers you anticipate before reading their responses. I
certainly expected some of them to implicitly have a criticism of teachers. | also
expected that most of them would want the amount of material included in the syllabus
to be reduced and less homework. The essays | got did not match these expectations, but

did provide the overview | wanted.

There were 25 essays handed in. Each essay focussed on one main issue and sometimes
added some additional subsidiary comments. There were basically two issues that
concerned the students. Firstly, the inadequacy of the current teaching staff, and
secondly, the failure of the curriculum to include a creative or value-based education.
Out of the 25 responses, 15 emphasised the importance of having “higher quality’
teachers. All students suggested that higher salaries would bring “better”. “brighter”,
“more qualified” teachers. Several suggested some sort of personality testing to identify
suitability for entering the teaching profession. One suggested that all high achieving
professionals should be given a tax break if they committed to some school teaching.
Two others related their experience as “soldier teachers” and expressed the value of

using soldiers as teachers.

In the second category, eight focussed on changes to the taught curriculum, with three
of these expressing dissatisfaction with the current highly competitive system, and

suggesting that “success” needs to be redefined to produce a less competitive, “less
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corrupt”, less “money hungry” society. Five of this second category stressed the
importance of teaching open-mindedness as a priority. The other curriculum changes
suggested included the introduction of creative subjects such as “music, dancing,

philosophy”, or something practical, for example “handling money”.

It is worth noting that most of these comments refer to pedagogical issues within
teaching.

Another class was given a page with a question that asked:

‘What are the two most important qualities a teacher should have?’

Research in this area is of interest because of the current debate on whether teacher
training should focus on disciplinary education, namely content relating to the subject
being taught, or pedagogical education, which relates to the art of teaching. In Israel the
preference is on disciplinary education, despite the fact that current research shows that
students of education place greater emphasis of the importance of personal development
(Arnon and Reichel, 2007). ldentifying the qualities of good teacher is seen as
important with the shift from factual-based learning to problem-based learning (PBL)
which includes “encouraging critical thinking; fostering self-directed learning and
curiosity” (Azer, 2005, p.67). Lists of “good qualities’ appear in the literature, and
seem to be exclusively drawn from feedback, in various forms, from teachers or student
teachers. My approach to ask students provides yet another approach to this important

question.

As always, | feel it is useful to think about the answers that | expect before evaluating
student responses. At the top of my list would be: Teachers should understand the
material they are teaching, and should be able to explain it in a way that interests the

students, namely, primarily focussed on course content.

Twenty-seven students gave responses to this question. Using the method of analysis
using coding, the following categories were used. Most students gave two qualities, as

requested, a few gave only one.
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Table 6.1 Student suggestions of teacher qualities. (N=25)

Key words No. of students

patient 11

ability to teach students at an appropriate 10

level/understanding students’ difficulties

deep understanding of subject

listen to students/care for students

love the subject

love teaching

charisma

interesting

organized

R R N R O W O O

open-minded

This can be reduced to two categories: Category A, which relates to pedagogy, i.e. the
art of teaching and includes personal qualities in the teacher; and Category B, which
relates to subject, or disciplinary, knowledge.

Category A includes: patience, ability to teach, listening to students and caring for them,
love of the subject, love of teaching, charisma, interesting, organized, open-minded.

Category B consists of deep understanding of the subject.

This means the table above produces 40 in category A and 5 in category B. The actual
numbers are not particularly important but the overall perception that students want
teachers to be patient and caring is unmissable. The fact that few of them mention the
importance of a teacher’s knowledge about the subject being taught does not mean that
students don’t regard this as important. This list could be interpreted as the qualities the
students have experienced and valued, or the qualities they feel were needed but didn’t
receive. Using either interpretation it is clear that students want teachers to relate to
them individuals and not merely be purveyors of knowledge. This is contrary to the
emphasis that the education system places on the training of teachers, and is also
contrary to the teacher values I held prior to this study. It impacted on my whole
approach and made it more student-centric.
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6.1.3 What students want to learn

Having a more reflective approach to my teaching also made me think about the course
content, and | decided to find out how well the course matched what my students
wanted to learn.

| presented my science ptor class at the university mechina in October 2009, at the
beginning of the academic year, a simple questionnaire that asked four questions. The
first question asked their age, the second what they were hoping to study, the third
appears below and relates to the skills they felt needed to improvement.

Question 3.

3. Which of the following do you need to develop? (circle as many as you want to).
vocabulary / grammar / general reading skills / reading speed /
using a dictionary / writing skills / speaking

Table 6.2 Students identify English skills they want to improve (N=25) Shown as Table

and pie chart below.

\ G GRS RS D W S

10 19 1 8 3 17 10

vocabulary (V) / grammar (G) / general reading skills (GRS) / reading speed (RS) /
using a dictionary (D) / writing skills (W) / speaking (S)

English skills students want to develop

EYV BG @GRS @RS @D OW 1S

vocabulary (V) / grammar (G) / general reading skills (GRS) / reading speed (RS) /
using a dictionary (D) / writing skills (W) / speaking (S)
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It is interesting to note that the course | was teaching was defined by the university as
focussed almost exclusively on improving reading skills. We are required to teach
some very minor and general grammar which is tested (e.g. identifying verb, noun and
adjective), but there is absolutely no content relating to writing in English within the
mechina courses — even though all these students will have to write papers in English
for masters’ degrees, and are increasingly being expected to write essays in English in
first degree courses. In very few subject areas does the university offer English writing
courses. | initiated, four years ago, the first writing course on the science campus, and it
is designed exclusively for doctoral students. An attempt to set up one for masters’

students has so far been unsuccessful.

There is also no speaking component to the course. Although students are encouraged
to present opinions in class, and give a 3- or 4-minute end-of-semester presentation,
there is no requirement for teachers to address issues surrounding speaking or
presentations.

It is clear that the course we provide does not meet what students self-identify as their

English needs.

6.2 Scientific literacy in the context of a reading programme

The term ‘scientific literacy’ is a shorthand for a complex idea. In Chapter Three,
Review of the Literature, | have explored the diversity of meanings ascribed to the term
since it first seems to have been used in 1958 by Paul deHard Hurd (Hurd, 1958). An
important analysis of the meaning was addressed by Norris and Phillips (2003) when
they drew a distinction between the fundamental and derived senses in which the term
can be used. I am including some details of their arguments here because it helps
explain why | feel that an academic reading programme is the ideal context for
promoting scientific literacy.

According to Norris and Philips (2003) the fundamental sense of scientific literacy is
more closely related with what is more generally understood as the “essential nature of
reading” whereby meaning is inferred from text. The derived sense refers to being
“knowledgeable, learned and educated in science” (2003, p.224). They reflect on the

inadequacy of limiting the meaning of scientific literacy to this derived sense. It is,
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however, this sense which is still the prevalent understanding of the term. Norris and
Phillips (2003, p.225) illustrate its widespread use by compiling a list (with references,
which I have not included) identifying eleven ways in which the term ‘scientific

literacy’ is used in the literature:

a) Knowledge of the substantive content of science and the ability to
distinguish science from nonscience. b) Understanding science and its
applications. ¢) Knowledge of what counts as science. d) Independence in
learning science. €) Ability to think scientifically. f) Ability to use scientific
knowledge in problem solving. g) Knowledge needed for participation in
science-based social issues. h) Understanding the nature of science,
including its relationship with culture. i) Appreciation of and comfort with
science; including its wonder and curiosity. j) Knowledge of the risks and
benefits of science. k) Ability to think critically about science and to deal

with scientific expertise.

They note that, in almost all of the papers associated with these definitions of scientific
literacy, the term is being associated with acquisition of scientific knowledge. Testing
of scientific literacy strongly relies on the derived sense with its focus on knowledge,
especially defining terminology. Many assessments of scientific literacy do little more
than test familiarity with jargon terms (see for example the recent Pew Report (2013),
commissioned by the magazine of the Smithsonian Institute. Also, similarly, the
Australian Academy of Sciences: Science literacy report (2013). Other examples are

given in Chapter Three: The Review of the Literature).

In their own research. Norris, Phillips, and Korpan (2003) investigated how university
students interpreted a media report about movement of ice on the Jovian moon of
Europa. They showed that the students were unable to identify the wide range of
degrees of certainty and doubt expressed in the text. The students were unable to make
interconnections between different information in the text, but at the same time 95% of
them judged the text as easy or very easy to read — they knew the words but were not
able to interpret the meaning. This experience is something that teachers of EFAP
(English for Academic Purposes) often encounter. My own colleagues regularly report

students who complain when failing the final exam “I understood every word of the



97

text”. The students have not recognised that understanding the words is insufficient for

grasping meaning.

For Norris and Phillips it is the failure to address the fundamental sense of the term
scientific literacy which results in educators neglecting to integrate certain essential
reading skills as part of a science literacy programme. They expand on the nature of this
fundamental sense (2003, p.228):

Inferring meaning from text involves the integration of text information and the
reader’s knowledge. Through this integration, something new, over and above
the text and the reader’s knowledge is created — an interpretation of the text. It
is crucial to understanding this view to recognize that interpretations go beyond
what is in the text, what was the author’s intent, and what was in the reader’s
mind before reading it... The possibility of more than one good interpretation
exists for all text types...Thus, the essential nature of reading — inferring
meaning from text — is the same no matter what is being read, even though there
may be variations in reading purposes and strategies across text types and
reading contexts.

The academic reading programmes | teach are committed to this purpose: to enable
students to infer meaning from a wide range of texts. Furthermore, | recognise that it is
essential that students are aware of how interpretations are affected by prior knowledge,
assumptions, expectations and prejudgements — all of which can be affected by socio-
cultural context. It is this emphasis on the importance of the fundamental sense of
scientific literacy which justifies incorporating my research with a teaching programme
providing skills for academic reading. | was not interested in testing for the derived
sense of scientific literacy but I did want to ascertain the level of school science
education my students had received. | therefore included a question about whether they
had taken any science exams in the bagrut (baccalaureate) and at what level. (See

Chapter Two for more information on science teaching in the Israeli school system).

6.3 Why is scientific literacy important?
The importance of scientific literacy is seen as two-fold according to Ayala, former
President of the American Association for the Advancement of Science (2004):
Two increasing demands of modern nations establish the universal need for
scientific literacy. First is the need for a technically trained labor force. Second

is the requirement that citizens at large pass judgment on the promises and


http://en.wikipedia.org/wiki/American_Association_for_the_Advancement_of_Science
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actions of their governments and on the claims of advertisers of consumer

goods.

Governments closely link scientific literacy with interest in science, and the resultant
likelihood of students choosing to study the STEM (science, technology, engineering
and mathematics) subjects. Reports of declining science literacy do mirror the decline in
the numbers of students studying those subjects at an advanced level (Osborne et al.
2003). This overall decline in interest in science has deeply concerned governments of
industrialised countries because the level of scientific literacy is perceived as directly
linked with economic productivity. Walberg (1983), referring to the work of Schultz
and Simon, Nobel Prize winners in Economics, identifies that there is “a considerable
amount of plausible and consistent evidence on the pecuniary and other benefits of
literacy” and Wahlberg states that this is particularly relevant to scientific literacy.
Osborne (2003) expresses it succinctly “the low uptake of mathematics and science (for
study at university) and the negative attitudes towards these subjects pose a serious

threat to economic prosperity.”

However, DeBoer (2000) points out that the poor performance of US students in
international science tests might not be heralding a “national crisis”. He comments that
“In fact, people with extremely limited understanding of science function very well in
society, many of them at the very top levels of their professions.” He continues with an

extract from Shamos (1995, p.5), where Shamos quotes Audrey Champagne (1986):

“The perception of crisis is partially a product of hyperbole employed in the
many national education reports...The rhetoric notwithstanding, there is no
reason to believe that the national security, economy, democratic way of life,
and science prominence are threatened by the low level of scientific and
mathematical literacy in the general population.” (Shamos 1995, p.5)

But Shamos does not reject the whole concept of scientific literacy, what he questions is
whether “any science is needed at all except as a way of discussing the nature of
science” (DeBoer 2000). It is a radical approach and in Shamos (1995) “highly
influential book” (DeBoer 2000), The Myth of Scientific Literacy, he suggests that the
goal of a scientific literate citizenry is impossible, and that decision making should

remain in the hands of the experts.
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In the past twenty years there has been a growth in the movement for social
responsibility in science and technology, much of this focuses on the scientists and the
institutions themselves, but there are implications for a partnership in decision-making
with the general public. Ramsey (1993) details the extensive literature on science
education which presents social responsibility as a goal of the promotion of scientific
literacy. He insists (1993, p.235) that “Science education cannot be sequestered in the

laboratory; it must, to some critical extent, be an active part of our social milieu.”

I think it important to ascertain whether my students feel they should be part of the
decision-making process that relates to scientific and technological issues, or whether
they believe these decisions should be left with the experts. For this reason, | selected
one of the VOSTS questions to include within my initial questionnaire. (VOSTS are

discussed more fully in Chapter Three: The Review of the Literature)

6.3.1 Assessing Attentiveness

Independent of what is regarded as the purpose or usefulness of scientific literacy, there
is an underlying assumption that scientific literacy (in all its meanings) is associated
with interest in scientific and technological issues. One of the prime objectives of the
reconnaissance was to ascertain levels of interest in scientific issues and associated
knowledgeability (whether students chose to read about the subject in the popular
press). A combination of both these elements gives rise to a measure of ‘attentiveness’.
This concept of an attentive public was put forward by Almond (1950) and has been
identified as of considerable importance in all polling of public opinion (Adler, K.
1984).

According to Miller and Kimmel (2001, p.176) the term ‘attentive public’ as used in
Almond’s model (Almond 1950) is “composed of those individuals who are interested
in a given policy area, are knowledgeable about that area, and are regular consumers of
relevant information. To be classified as attentive to a given policy area, individuals
must indicate that they are very interested in a given issue area, report that they are very
well informed about it, and be a regular reader of a daily newspaper or relevant national
magazines”. This attentive public is at the third level in Almond’s model of public

participation in the formulation of public policy. In every country, the proportion of
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adults interested in a public policy issue is far higher that the proportion who report that

they are well informed about that issue.

(Almond’s model. Diagram of triangle with layers going up from bottom Residual

public, Interested public, attentive public, policy leaders, decision makers.)

In this model “citizens who display a high level of interest in an issue area, but who do
not think they are well-informed about it, are classified as the interested public. “It is
possible that some of the individuals in the interested public would become attentive
during a particular controversy if they became convinced that they knew about the
issue.” (Miller and Kimmel 2001, p.176)

But note that in Miller’s study (1987), he found that in the case of the explosion of the
space shuttle Challenger “virtually no members of the interested public for space
exploration moved into the attentive public for that issue as a result of the accident or
during the six months after the explosion in which numerous public hearings and
investigations were held” (quote from Miller and Kimmel 2001, p.177). Miller and
Kimmel recommend more studies of the ‘interested’ public, as it is important to see if
there are ways of moving them into the group that is defined as ‘attentive’. It is the
attentive public who are also informed on a particular issue and are those who are best

placed to engage with democratic decision-making processes relating to that issue.

In Miller and Pardo’s work (2000) data has been compiled from national studies relating
to scientific literacy in the European Union, Japan, the United States and Canada. This
comparative study provided me with detailed data of the percentage of attentive public
for medical, scientific and technological issues. The questions in my questionnaire
parallel a small selection of those asked in these international studies. This enables a
direct comparison, for the first time, of Israeli data with corresponding international

studies for the same age group and educational status.

6.3.2. Science literacy and superstitious belief.
It is interesting that Miller (1983, 1987a) disqualifies individuals from being
scientifically literate if they have a belief in astrology, which could be characterised as a

superstitious belief and the antithesis to scientific thinking. It is not clear to me that this
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value-judgement is appropriate. Furthermore, living in a country where religious and
superstitious beliefs are widespread and diverse, the idea of distinguishing between
religious belief and superstition is highly problematic. People seem able to
compartmentalise scientific beliefs and religious/superstitious beliefs; religious people
do not abandon rationale thought and argument because of non-scientific beliefs. In fact,
belief in astrology has, in the past, been part of religious practice in the three Abrahamic
faiths. There could be here, as with any belief (religious or political), an inhibiting
factor to open-minded, critical thinking in assessing SSI issues. However, we all come
with some baggage, consciously or subconsciously, which taints our judgement. My

intervention would perhaps help address this.

Interestingly, longitudinal national surveys in China of scientific literacy monitor
superstitious belief (belief in lucky numbers for example) as a means of ascertaining
trends towards greater scientific thinking. (Chen 2009). And it is interesting to note that
one of the reasons the spiritual sect known as the Falun Gong has been outlawed in
China is because it is regarded as fostering superstitious beliefs.

I decided to incorporate a question on belief in astrology to see what sort of responses |
got and see if this belief was associated with lack of interest or ‘attentiveness’ in
science. | embedded this question among others, similarly worded, which looked at
views on using homeopathy, applying graphology, the dangers of using mobile phones,
and video games as a source of violence. All of these issues are unsupported by
scientific evidence.

Each of these questions provided space for students to explain/justify their answers if
they so wished.

6.4 The study population.

The study population for this reconnaissance cycle are drawn from four classes that |
teach — two classes at a university mechina and two at a college of engineering. All four
classes form the study population for most of 2009, though there are some

investigations only done with the two classes at the university.

It is the two classes at the university that become the focus of my research for the years
2010 and 2011.
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I am fortunate to have complete responsibility for the content that | teach in the various
departments where | work. 1 teach academic reading in English and can select the texts
and implement any methods that | feel will enhance the reading performance of my
students. Interventions designed around promoting scientific awareness and higher
level analysis will not conflict with the general goals of my course and will only

constitute a small element of it.

The students at the university who form part of my study population are within the pre-
academic department of the university. These students are given a year’s intense
instruction in a wide range of subjects to prepare them for their first degree studies.
They all take English. They are streamed according to ability in each subject and are
then subdivided into specific subject areas according to the degree courses they are
applying for at the university. | take one class designated as Science and one designated
as Humanities. Both classes usually do a project in the first semester and my
interventions will form that project work; the interventions are wholly consistent with

the objectives of the projects that I normally give.

Each group of students is taught for 4 hours a week, for 14 weeks — the length of a
single semester in a two-semester academic year. Most semesters | teach six courses of
top level students. There are between thirty and forty students in each class, ranging in
age from 19 to about 25 years old. Although predominantly Jewish Israeli students, the
classes are ethnically mixed with Arab Israelis, Ethiopians and Druze students. The
usual breakdown, which changed little in in the university Mechina, in the ten years |
have taught there, was 97% Jewish Israeli (of whom about 10% were Ethiopian). The
remaining 3% were Druze and there was occasionally an Arab Israeli. Arab Israeli
students are found in other mechinot in the University, where there is pre-academic

teaching for students with poor Hebrew and very low/or no psychometric score.

At the university the classes | have chosen for this research already have exemption
certificates in English, called a ptor in Hebrew, but are still obliged to take to take the
high level course I give. The two classes | teach at CE are top level (Level 1) students
who have not yet received their ptor. Getting a pass in my course will provide them
with the ptor, ‘exemption certificate’ that will qualify them to receive a first degree.

Without a ptor students cannot receive a degree in any subject studied in university or
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college. The exemption certificates received at the university and CE are valid
throughout Israel’s institutions of higher education and are also accepted for study for a
master’s degree in all subjects.

| teach in total about 200 students in the first semester. Around 120 of them were given
the first questionnaire in the first lesson of the first semester. The questionnaires were
totally anonymous, and | explained that they formed part of a doctoral study programme
| was doing. The students were under no obligation to answer a questionnaire, and
could leave unanswered any questions they didn’t wish to answer. I was available to
clarify anything they didn’t understand. In fact, all students took a questionnaire,
completed all questions, and none raised any problems or difficulties. It took
approximately 20 minutes out of this first lesson.

To protect my students’ anonymity none of these questionnaires was looked at until
months after | had finished teaching them. This meant there was no likelihood of

identifying a student by their handwriting. | never identified any of the respondents.

6.5 Data and analysis

The data and analysis is given for each question in the questionnaire. There is a separate
subsection here for each question. The questions are in the order they appeared in the
questionnaire. Each group of questionnaires had a printed code on the top so that I can
quickly identify the year and group they belong to.

Here is the heading for a questionnaire given to one of my groups at CE .

Questionnaire (QCE 109) M
This questionnaire is part of a research project.
I would be grateful if you could answer it as honestly as possible.
There are no right or wrong answers!

If you don’t understand anything, please ask.

CE refers to the institution; 1 means first semester; 09 is the year 2009, M is the class |
teach on Mondays and Wednesdays, as oppose to T which | teach on Tuesdays and
Thursdays. My two CE classes are therefore designated CE M and CE T in this thesis.

The other classes are designated as follows.

U sci (University science stream, ptor class)
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U hum (University humanities stream, ptor class)

The questionnaire was divided into three sections. Section A (questions 1-6). Section B
(questions 7-11). Section C (Questions 12 -14) It was laid out so that each section
occupied one full page. The questionnaire was therefore three pages long. A lot of
thought went into the design so that it didn’t have a lot of dense print for the students to
read.

6.5.1 Age and sex. Q1 and Q2

The questions below gave me information about the age and sex of my students.

Q1. How old are you? years old
Q2. Male/female (please circle)

I used this information to calculate averages of their age. For each group | found the
mean, and median. | also give the range. See Table 6.3.
| use the male/female ratio in Table 6.7.

Table 6.3 Data and analysis: age and sex

Place | Class | Class | M | F | Averages of students’ ages
size
HU Sci 27 15 | 12 | Average ages:
(ptor) Mean: 22 years ~ Range: 18-25 Median: 23
HU Hum |34 18 |16
(ptor) Mean: 23 years ~ Range: 21-25 Median: 23
CE M 29 17 | 12 | Average ages:
(level Mean: 23 years Range: 18-30 Median: 23
1)
CE T 27 20 |7 | Average ages:
(level Mean: 24 years Range: 21-31 Median:24
1)
6.5.2 Subject of study

For my students on the university pre-academic programme they were asked:

Q3. What do you want to study at university?

And at CE the students were asked:
Q3. What are you studying?

I have all this information on file but I haven’t analysed it because | am unclear how

valuable it is. I thought it might be useful because there are courses at CE and in U
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which are regarded as having less scientific and technological content. | thought |

might want to separate out the questionnaires from these students at some point.

6.5.3 Level of science education at school.
Science subjects are not required in the bagrut (baccalaureate) and few schools offer
them. Biology, physics and chemistry as separate subjects are taken by small numbers
of students. The bagrut can be taken at one of three levels: 3 point; 4 point; and 5 point.
Most students who recorded taking science bagruyot (plural of bagrut) took them at the
four or five-point level. The three-point level is basic. There is only person who took a
3-point bagrut (in biology) recorded in my data. I have chosen only to list those who
took 4- or 5-point as these do show a reasonable (but not high) level of science teaching.
The number of points is not a score, it just shows the level of exam they took (perhaps
4-point would approximate to GCSE, and 5-point to AS level in the UK.
Q4. Did you take a bagrut in any science subject?

Subject

How many points?

Biology

Physics

Chemistry

Table 6.4 Assessment of school science education showing numbers taking 4- or 5-point

bagruyot in science subjects.

Class Class | Biology | Physics | Chemistry | Total no. of | % of class
size no. of no. of no. of students with | with at
students | students | students at least one least one
science science
bagrut. bagrut
U sci 27 11 2 3 11 40
U hum 34 5 1 2 7 21
CE M 29 9 5 6 15 52
CET 27 3 2 1 6 22
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This table shows that the level of school science education is low. The majority of
students taking science take only one science bagrut, namely biology; there is very poor
uptake of physics and chemistry at school.

The marked difference between CE M and CE T results probably reflects that CE T
classes are students retaking English in their second year of study at the college, and
they are generally known to be weaker students across all subjects and not just English.
CE M students are those in the first semester of their first year.

The first year of science and engineering degrees in the Israeli education system has
much in common with the syllabus of ‘A’ levels in mathematics, physics and chemistry
in the UK.

6.5.4. Assessing interest and attentiveness.
Below are the next questions on the questionnaire, Q5 and Q6.

The data and analysis follows, and a comparison with similar international data.

Q5. How interested are you in the following subjects?

Please put a check in the appropriate box for each item.

Subject Very Moderately Not at all

interested interested interested

Sports news

Politics

New medical discoveries

New films

New scientific discoveries or

inventions
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Q6. How well informed do you think you are about these subjects?

Please put a check in the appropriate box for each item.

Subject Very well Moderately Not at all
informed. informed. informed.
| always look for When | see an I never read
the latest news article on this about this
on this subject. subject I usually subject.
read it.

Sports news

Politics

Medical discoveries

Films

Science and

technology

6.5.4.1 Index of Issue Interest

Miller and Pardo (2000, 68) computed mean scores for an ‘index of issue interest’. This
was done by giving a 100 when a respondent declared they were very interested, 50
when they were moderately interest, and zero points when they were not interested at
all. The grand total for each issue is then divided by the total number of respondents in
that class. This index is a useful way for calculating a single score for a three-level
Likert item and enables me to make a direct comparison with the international data
assembled by Miller and Pardo (2000).

I have computed values for this Index (Table 6.5) for each of my four classes, and an
average over all the classes.

Table 6.5. Mean Scores on the Index of Issue Interest for my classes. An average over

all the students is also given (Av).

Issue area Usci | Uhum | CEM |CET |Av.
New inventions and technologies | 83 69 69 56 69
New medical discoveries 76 56 71 50 63
Politics 52 74 48 50 57
Sports news 37 49 50 43 45
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I have reproduced part of the table that Miller and Pardo (2000, p.70) compiled from
international data and have added a last column with my own average data (Av.) for

Comparison (see Table 6.6)

Table 6.6. Mean Scores on the Index of Issue Interest Scores. From Miller and Pardo

(2000, p.68). The last column is the average (Av.) for all my students.

Issue area European | Japan | United | Canada | Av. my
Union States students

New inventions and 59 53 66 58 69

technologies

New medical discoveries 68 65 82 77 63

Politics 55 - - 50 57

Sports news 48 - - 42 45

International comparison of Index of Interest

Sports news
Politics

]
]
|
]

New medical discoveries _
I
]

New inventions and technologies

Av. my students M Canada M United States Japan ® European Union

It is important to notice that my values for the Index of Issue Interest for Sports and
Politics are in close agreement to those recorded for Europe and for Canada. This helps
add confidence to the other values, which are of more relevance to my research.
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6.5.4.2. Attentiveness

To be categorised as attentive (A), individuals must be ‘very interested’ in a
subject and also categorise themselves as ‘very well informed’.

The assessment of how well informed students regard themselves is important.
To assess the degree of self-perceived knowledgeability, national studies in
Canada, Europe, Japan and the United States asked respondents to categorise
themselves as being well informed, moderately well informed, or poorly
informed about the same set of subjects as used to assess interest. In every
country, the proportion of adults interested in a subject is far higher that the
proportion who report that they are also well informed about that subject.

I have analysed the data I collected. The category of interested (1) individuals is
computed by taking the numbers of students who marked that they are ‘very
interested’. A percentage is calculated for each class. To identify students as
attentive (A) I took the students who were ‘very interested’ and checked if they

also marked that they were ‘very well informed’.

The data for (A) and (1) are given in Table 6.7.

A male/female ratio is calculated for each class from data shown in Table 6.3.

Table 6.7 Percentage of attentive (A) or interested (1) in each class.

Subject U sci U hum CE M CET
A% 1% A% 1% | A% 1% | A% 1%

Sports news 19 3 |21 29 |17 |21 |33 37
Politics 15 19 |32 63 | 7 10 | 19 22
New medical discoveries 15 59 |24 32 |17 |48 |11 22
New films 15 37 |26 29 (10 |17 |15 22
New inventions and 26 74 |21 44 |17 |38 |22 33
technology
Male to female ratio in 1.3 1.1 1.4 29
each class (to 1 d.p.)

There are several comments to make about the data in Table 6.7
e The percentage of students who show ‘attentiveness’ is less and often much less
than those who are only ‘very interested’. These figures show the importance of

also asking about how informed individuals perceive themselves to be, and not
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just assessing the level of interest. According to Miller and Pardo (2000) it is
only those identified as attentive who are likely to participate actively in issues
relating to science and technology.

There are high levels of (A) for science and technology across all classes,

including the humanities class.

Looking down a column for any single class is interesting. In column (1) there is
a range in each class (except CE T, which I will deal with separately). But when

viewing values for (A) the values are more uniform.

(1) and (A) for science and technology have high ranking in all classes, even if

not always the highest.

Two (A) values break the overall pattern of the table. Politics in U hum and
sports news in CE T. It is perhaps worth noting that the male to female ratio in
CE T is higher than in the other classes, with almost three times as many males

as females, this could perhaps account for the high level of (A) value for sports.

With the exception of sports in CE T the male to female ratio does not seem to
affect other (A) and (1) values.

U hum shows high values for (A) and (1) across all subjects. The uniformly
high values of (A) are especially interesting, and perhaps reveal that students
who are generally engaged with the world around them are also interested in

medical, scientific and technological issues.

The table below (Table 6.8) extracts from Table 6.7 the information relating to

scientific topics. | have also averaged (A) and (1) for medical, scientific, and

technological subjects as do Miller and Pardo (2000). This provides a single figure

for comparison with international data in Table 6.9.
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Table 6.8 Percentage of attentive (A) or interested (1) in each class.

Subject U sci U hum CE M CET
A% 1% | A% 1% | A% 1% |A% 1%
New medical discoveries 15 59 |24 32 17 148 |11 |22

New inventions and 26 74 |21 44 17 138 |22 |33
technology
Average over both subjects | 21 63 |23 39 17 43 |17 |28

It can be readily seen that the levels of students stating that they are very
interested in medical discoveries and science and technology is high. The
percentage drops markedly when calculating those who are “attentive’ (i.e.
consider themselves very interested and very well informed on a subject) but is

still high.

These values can be compared to those in the table compiled by Miller and
Pardo (2000, 70). Their table (Table 6.9) shows the percentages of the public
who are attentive (A), and those who are interested (I) in scientific, medical or
technological discoveries. The data was collected and computed in a similar way
to mine. It can be seen by the lower levels of attentiveness that the proportion of
respondents internationally who identify themselves as interested is far higher
than those who also regard themselves as well informed. Miller and Pardo
(2000, p.68) point out that “the perception of not being well-informed deters
individuals from engaging in overt efforts to influence public policy” by for
example writing a letter or contacting a public official.

I have extracted the relevant sections, of Miller and Pardo’s table so that my
students can be compared either with high school graduates or those in the age
category 18-29. See Table 6.9. This table is taken directly from Miller and
Prado’s publication on the comparisons they made from internationally recorded

results.
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Table 6.9 Percentages of the public who are attentive (A), and those who are interested

(1) in scientific, medical or technological discoveries. (Miller and Pardo 2000, p.70)

This table is taken directly from Miller and Prado’s publication on the comparisons they

made from internationally recorded results.

variable | EU EU | Japan(A) | Japan(l) | US US | Canada | Canada
A | A M A (1

Education

Lessthan |5 25 1 9 4 37 9 37

high

school

High 9 33 2 18 8 48 11 45

school

graduate

18-29 13 35 2 19 7 52 8 38

years

Male 13 36 3 24 12 49 14 44

Female 7 30 1 11 8 45 7 47

By combining the information in Tables 6.6 and 6.7 | am able to make a direct

comparison with international data. The values for high school graduates and

18-29 year olds are similar, and either could be chosen for a comparison with

my first year students. There are, however, intrinsic problems of comparing my

data with that collected internationally. Firstly, my sample size is small —

although the data collected over three years was internally consistent which

meant that it was representative of almost 200 students. And secondly,
international comparisons are problematic because they ignore all the parameters
that shape individual nations. However, international comparisons do appear in
the literature relating to research in scientific literacy. | therefore think it is
useful to include them here but with the caveat that it might not be clear what
the comparison actually shows. However, | do think that the fact that my data
has values falling within the range of international data perhaps indicates that |

didn't make any major errors in the methods of analysis | adopted. If my values
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had been outside the range seen globally | would have checked back on my
methods of data collection and the details of computation.
Furthermore, the international comparisons are useful in indicating how my
students’ levels of interest (with negligible science education) compare with that
in other countries, where there is considerable emphasis on teaching science in
school. This research was done to help explore my research question on the
relationship between level of school science education and degree of interest in
the subject.
By constructing Table 6.10 vertically only for the group 18-29 years old | have
made comparison easier. | have added my figures at the bottom of this table
(Table 6.10) for direct comparison.
Table 6.10 Percentages of 18-29 year olds who are attentive (A), and those who are very
interested () in scientific, medical or technological discoveries. Given in two formats:

as a table, and as bar chart (below).

Location Attentiveness | Very interested
(A) % (h%

European Union 13 35

Japan 2 19

United States of America 7 52

Canada 8 38

My students in Israel 20 44

(N=117)

International comparison of attentiveness(A) and
very interested (I)
60
50
40
30
20

10

EU Japan USA Canada My students

A% ®1%
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6.5.5 Non-scientific and superstitious views

Because there is a view that scientific literacy is incompatible with superstitious belief,
particularly astrology, | decided to see how prevalent this particular belief was among
my students. I also included other issues that are regarded as not having any scientific
evidence supporting their validity. | thought it might be useful to see how these views
changed at the end of the semester. Especially as there would be class discussion
relating to some of them.

These questions (Q7-Q11) are reproduced below. Students were not obliged to give
reasons for their answers but were given the space to write anything they felt

appropriate. This was explained in class. Many answers were very interesting.
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SECTION B.
Please read the following statements. Put a check in the box closest to your opinion.

7. Graphology is the study of handwriting. It is used by some companies to decide
if they should employ someone.

I think this is a good idea, because

I think this is a bad idea, because

I don’t know.

8. Astrology is the study of how the position of stars and planets influence our lives.
Some people go to an astrologer to help them make important decisions.

| think this is a good idea, because

| think this is a bad idea, because

I don’t know.

9. There is a lot of research on how dangerous cell phones are. Some parents don’t
allow their children to use cell phones.

I think this is a good idea, because

| think this is a bad idea, because

I don’t know.

10. Some people want to reduce the violence on television and in video games.

I think this is a good idea, because

I think this is a bad idea, because

I don’t know.

11. Some people use homeopathy to treat illnesses. Some people think homeopathy
should be available as part of your health care insurance.

I think this is a good idea, because

| thinks this is a bad idea, because

I don’t know.

Subsequent discussion with the class when we had a text on the dangers of cell phone
use revealed that most of them thought that the dangers were about crossing roads while

using a cell phone, or perhaps becoming addicted to playing games on them. This
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question was intended to address the (scientifically unfounded) belief that cell phones

cause cancer. A good illustration of the problems of conveying meaning.

As my main interest was to ascertain whether it is important to know about people’s
superstitious beliefs I am focussing on the data from Q8, on astrology. This question
was not a simple ‘do you believe in astrology?’ I have found in class discussions in
previous years that it is important to leave room for students to give more nuanced
answers. And indeed the answers | got here were much more interesting than a simple
dichotomous choice. Their answers reveal complexity.

I have collected the data that shows how many students in each class thought it a ‘good
idea’, a ‘bad idea’ or said ‘don’t know’. I have also identified how many students who
expressed that they were ‘very interested’ () or were designated attentive (A) also

thought astrology ‘a good idea’. The analysis is shown in Table 6.11.

Table 6.11 Views on astrology (numbers of students in each class) and chart below.

Class Good Bad idea | Don’t (1) plus (A) plus
idea know ‘good idea’ | ‘good idea’

U sci 1 21 5 0 0

U hum 7 24 3 2 1

CE M 4 22 3 2 0

CET 2 20 5 0 0

STUDENT VIEWS ON VALUE OF
CONSULTING AN ASTROLOGER (NO.
OF STUDENTS GIVEN)

M good idea bad idea don't know

<
[o\]

21
22
20

<
I o (a2} ~

-

- [ M

HU SCI HU HUM JCE M JCET
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U sci class comments that astrology was a ‘bad idea’ did not have any religious
reference. A number of them said it was “not proven” and a few said it was “not
accurate”.

U hum class comments among those who thought is a ‘good idea’. “I believe the stars
influence our behaviour” “It works” “If it makes your life easier, why not?” “Everybody
needs to believe in something”. “It helps decide what you want” “It helps people
overcome their problems” “It can give an interesting perspective.” These don’t all
demonstrate belief in astrology but they do indicate that these students felt some value
in it, and the question gave them room to express that.

On the other hand, those who thought it a ‘bad idea’ were more direct. “It is crap”, “it is

not scientific”. Several wrote “it is not science”. One person described it as

“superstition”. Most stated in some form “I don’t believe in it”.

CE M students. Those choosing it is a ‘good idea’ added: “It is always nice to get
advice”, “It is helpful to hear an objective opinion”. “For those who believe it can
change their life in a good way”. “Usually true and really helpful.”

Bad idea. “Only God knows the future”. Only one student wrote “It is not scientifically
proven” The rest gave versions of “I don’t believe in it”. One student wrote “It gives

them something to blame if things go wrong.”

CE T students. Those choosing it as a ‘good idea’ added: “It can help someone feel
good about his decisions”, “It can help someone make decisions”. Among those
regarding it as a ‘bad idea’ they noted “it contradicts my religious belief”, “they should
talk to a rabbi if they have a problem”. Most who answered ‘it was a bad idea’ added “I

don’t believe in it”, “It is a lie”, “It is nonsense”

I pulled out the questionnaire of the single person who was ‘attentive’ and thought
astrology was a good idea, noting that they had written“I believe that the stars influence
energy and through that a person’s behaviour”. This individual was in U hum, 25 years
old and planning to study PPE (philosophy, politics and economics) at university. In the
questionnaire he/she declared being very interested and very well informed in
everything except films. He/she was either very interested or moderately interested in
the scientific issues listed in Q12. He/she suggested in Q.13 “looking at ways for

conserving water and energy at home” — one of the few people out of the 117 students
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to make any suggestion. He/she thought graphology a good idea and so was
homeopathy, and mentioned that her mother is homeopathic pharmacist. Do the non-
scientific/superstitious beliefs disqualify this student from being designated 'attentive'?
Her guestionnaire was lively and engaging. | did not attempt to identify who he/she

was.

I am convinced from my every encounter with many religious students (Jewish and
Muslim) that their religious beliefs do not compromise their ability to deal with
scientific issues in a meaningful and useful way. This does not mean that there aren’t
religious individuals for whom there are conflicts between science and religious
belief/superstition. But if there is a move to regard superstition as contrary to the ability
to engage with scientific issues then religious belief might also have to be included.
And indeed as mentioned earlier, all our opinions are influenced by beliefs (religious

and political) and perhaps modified by life experiences.

6.5.6 Specific science issues of interest

I wanted to know how much interest there was in specific scientific issues among my
students and intended to select one to focus on for a mini project. This would perhaps
be the focus of my first intervention.

Questions 12 gave students a chance to express how interested they were in a range of

contemporary issues and Question 13 was open ended.

Q12 How interested are you in discussing these in class during this semester.

Issues Very Moderately | Not at all
interested | interested interested

1. Alternative therapies are useful/useless
2. Causes of violence in society.

3. Graphology and astrology are
useful/useless

4. Cell phones are dangerous.

5. Animal welfare issues.

6. Pollution problems worldwide.

7. Global warming is/is not a serious
problem.

8. Genetically modified food is/isn’t
dangerous.

9. Nuclear power is/isn’t dangerous

10. Fluoridation of water is/isn’t a good idea.
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These are all issues regularly covered in the media and newspapers in Israel.
Graphology is widely used by major companies. The causes of global warming are still
discussed — a senior physicist at the university has online lectures advocating solar
activity as the prime driver of global warming. The fluoridation of water remains a live

issue here.

Q13. Please write about any issues that have scientific or technological content that you

would like us to cover this semester.

This question produced almost no contributions from the students.

In assessing the responses to Q.12 | have calculated the mean scores of the Index of
Issue Interest. This gives 100 to those who are very interested, 50 to those who are
moderately interest and no points to those who are not at all interested. The total is then
divided by the number of students in the class. The results of this analysis are shown

for each class in table 6.12.

Table 6.12 Mean scores of Index of Interest

Issues USci | UHum |[CEM|CET
1. Alternative therapies are useful/useless 65 57 55 38
2. Causes of violence in society. 67 77 57 50
3. Graphology and astrology are useful/useless | 26 47 43 27
4. Cell phones are dangerous. 24 36 43 54
5. Animal welfare issues. 60 52 70 40
6. Pollution problems worldwide. 67 67 59 58
7. Global warming is/is not a serious problem. 69 68 66 35
8. Genetically modified food is/isn’t dangerous. | 63 55 57 46
9. Nuclear power is/isn’t dangerous 57 41 61 54
10. Fluoridation of water is/isn’t a good idea. 59 48 52 42

Students in U sci, U hum and CE M show a wide range of interest in scientific issues

that they want to discuss. The bar chart shows the information from Table 6.10
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Students in CE T show overall less interest in most subjects but do show greater interest
in the issue relating to cell phones than all the other classes. It is perhaps interesting to
note that this is the only issue that can be seen as having direct personal relevance to the
students. It is also worth noting here that this class is known as a weaker class overall,
being a second year class that is retaking exams in many subjects that were failed in
their first year. A fellow teacher who also teaches CE M and CE T at level 1 (parallel
classes to mine) complains weekly about their failure to work, to stop talking in class.
These classes often have disruptive students in them and students who find independent
working impossible. They are always a challenging bunch of students to teach and |
have various strategies to defuse the most disruptive elements so that the rest of us can

get on.

6.5.7 Do students want to participate in decision-making?

The last question, Q14, was item 40215 taken from the publication Views On Science

and Technology (Aikenhead et al. 1989, p.33). In Table 6.11 is the data collected for
each class for Q14. The raw numbers are given for each statement.
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Q14 Please read this and think what your position on itis. Then read from A to J and
circle the one closest to your opinion.

Scientists and engineers should be the ones to decide whether or not to build a
nuclear reactor and where it should be built, because scientists and engineers are
the people who know the facts best.

Your position, basically: (Please read from A to J, and then choose one.)

Scientists and engineers should decide:

A. because they have the training and facts which give them a better understanding of
the issue.

B. because they have the knowledge and can make better decisions than government
bureaucrats or private companies, both of whom have vested interests.

C. because they have the training and facts which give them a better understanding;
BUT the public should be involved — either informed or consulted.

D. The decision should be made equally; viewpoints of scientists and engineers, other
specialists, and the informed public should all be considered in decisions which affect
our society.

E. The government should decide because the issue is basically a political one; BUT
scientists and engineers should give advice.

F. The public should decide because the decision affects everyone; BUT scientists and
engineers should give advice.

G. The public should decide because the public serves as a check on the scientists and
engineers. Scientists and engineers have idealistic and narrow views on the issue and
thus pay little attention to consequences.

H. I don’t understand.

I. I don’t know enough about this subject to make a choice.

J. None of these choices fits my basic viewpoint.

Table 6.13 Numbers of students choosing each statement in Q14.

Statement U SciP U HumP CE M CET
A 1 2 3 2
B 2 1 2
C 5 9 4 3
D 7 7 4 4
E 3 2 6 4
F 3 2 1 1
G

H

I 1 2 1 1
J 1 2
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Comments. This was a lengthy question involving careful reading and not all students
chose to do it. However, there was a high percentage in each class who did it and did it
carefully. This can be seen by the fact that everyone rejected G and H. G states the
decision should be solely made by the public and all students rejected this. Overall 74%
of all the students answered this question.

C and D both give the public an important role in the decision making process and these
each got consistently high scores. F gives the public a stronger role but, scientists and
engineers are still involved in the decision-making process.

A and B gives sole responsibility to scientists and engineers without any public
involvement.

E gives the responsibility to government, with advice from scientists and engineers but
excludes the public.

Basically A, B and E exclude the public. C, D and F include the public.

I have presented the sum values for A, B and E (called ‘public excluded’) and the sum
values of C, D and F (called ‘public included) in Table 6.12. These categories are also
summed across all classes. The data are given as raw numbers and as a percentage of
the students who answered this question (i.e. 86 students). All data is taken from table
6.13.

Table 6.14 Student opinion on whether there should be public involvement in
scientific/technological decisions. Also see pie chart below (N=96)

A+B+E (public A+B+E as a % of C+D+F C+D+F as a % of
should be students who (public should | students who answered
excluded) answered Q14. be included) Q14.

28 33% 50 58%
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Student views on Public involvement in SSI
decisions

m Exclude public Include public

A clear majority do want public participation in a decision relating to the building of a
nuclear reactor. This means that for those of us in education there is a responsibility to
give our students the tools so that they can participate in this type of decision-making in

a useful and meaningful way.

6.6 Conclusion

6.6.1 General comments on the reconnaissance

This reconnaissance produced a wealth of data which gave me considerable insights into
my study population. 1 also produced data in a form that meant | was able to directly
compare it with international data. This has allowed me to draw some tentative

conclusions about Israeli students in comparison to those in other countries.

My students provided a particularly interesting group to study because of their limited
experience of higher level science education at school. | knew that few high school
pupils studied a science bagrut, and if they did it was almost exclusively biology. The
absence of such study does not preclude students from studying STEM subjects at
tertiary level (university or college). It is worth noting that Israel highly values
education, perhaps not in terms of investment, but certainly in social status. Almost half
of all 25-64 years olds have tertiary education. The inadequacies of the school system
are compensated for by intensive foundation programmes in all subjects for the first
year or two of tertiary education. University and college students will often attend eight
hours of lectures a day and then continue with private study.
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My first questionnaire investigated the level of science that students had achieved in
school, (see Table 6.2). A 4- or 5- point bagrut is about the level of a single science
subject at GCSE in the UK. 11 of the university science class of 27 had one science
bagrut, and 7 in the humanities stream. Results from the two classes | teach at a college

of engineering were comparable.

Overall this showed, what | had anticipated, namely a low uptake of school science.
And it should be stressed that for most students the option of taking science bagruyot is
not available in the majority of schools. This is not a case of students turning away
from the sciences, but primarily not having the opportunity to study them at bagrut

level.

My questionnaires at this stage were only given within the first week of the first
semester at university or college so their exposure to science education was within their
new institution of study was negligible. Would their lack of school science education
affect their interest or their willingness to engage in science issues of social, economic

or environmental importance?

Although it could be argued that many of these students had already declared an interest
in STEM subjects by electing to study them at tertiary level, | did have one class of
students studying humanities. For most of my research | would be looking only at the
science and humanities streams at the University, and | would be looking for differences

in the attitudes of these two groups towards topics relating to science literacy.

However, for the reconnaissance | included two classes from CE in order to be able to
compare the University students and students at a general college level (not such an

academically demanding environment, and more vocationally oriented).

By computing an Index of Issue Interest for my data | was able to compare my findings
directly with published international data, (see Table 6.4). Taking an average across all
my students their interest in sports news and politics was exactly comparable with a
similar cohort in the European Union. Their level in new inventions and discoveries was
somewhat higher than other industrialised nations, and their interest in new medical
discoveries lower. Particularly interesting is the data from the humanities students; it
showed a high level of interest in new inventions and technologies, higher than any of

the comparable international data.
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Here perhaps was evidence that interest in science and technology might be independent

of science education.

The international measure of ‘attentiveness’ also produced an interesting comparison
with my students (see Table 6.8). Taking an average of all my students the percentages
showing ‘attentiveness’ and those who declared themselves ‘very interested’ are higher
than any of the international assessments. Referring back to Table 5.5, it can be seen
that humanities students show a great deal of ‘attentiveness’ in all fields of declared
interest. They score especially highly on new medical discoveries and only slightly less
than science students on new inventions and technologies. Attentiveness is an
Important measure because it indicates motivation to actively learn about a topic. And
here the indication is that this quality is independent of school science education.

I had interspersed some questions investigating superstitious belief among some general
guestions on opinions (see section 6.5.5). This had been prompted by mention in the
literature (Miller, 1983, 1987a) that superstitious belief was seen as the antithesis of
scientific thinking. According to Table 6.9 about two thirds of each class thought
consulting astrology was a bad idea. This left a third who either didn’t know or thought
it was a good idea. Furthermore, the students’ comments made it clear that those who
might be termed ‘believers’ in astrology, and therefore designated superstitious, often
seemed to regard astrology as opening up another point of view during a decision

making process. They were not bound to it as an ideology.

In a country full of religious beliefs, it would be hard to separate superstition from
religious faith, and I am not convinced that it will distort scientific thinking on issues of
social and communal importance. | did not make any further enquiries about student
belief in the rest of my research, but continued to explain the role of evidentially based

argument when discussing scientific issues.

The final part of the questionnaire showed that students were interested in many
scientific issues. And the majority (in a ratio of almost 2:1) felt that public involvement

was important in a decision relating to the construction of a nuclear power reactor.

The last part of my questionnaire included a question identifying specific scientific
issues in which my students could declare an interest. | used the results of this question
(see Table 6.10 and Fig. 6.1) to inform my selection of a topic that we focussed on at
the University during the semester. The topic | chose was violence society. It showed
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primacy of interest in both classes at the university (see Fig 6.1). It” offered the
opportunity for lively classroom discussion and included a rhetorical analysis of a
related text. The text was two pages from Steven Pinker’s Blank Slate, (it was used with
the author's permission). | felt that by helping students to read more critically 1 would be
giving them an essential tool in promoting the critical thinking that they needed to be
active participants in activities requiring scientific literacy. | studied more
systematically in the first intervention the impact of studying a specific topic had on

student interest in that topic.

However, it didn’t take more than one lesson to discover that what students really
enjoyed was the opportunity to put forward their opinions. Many spontaneously
approached me at the end of the lesson and asked why we didn’t have more classroom
discussion. But what had happened was not a ‘discussion’. I struggled to get one
person to speak at the time — the cacophony of multiple speakers shouting each other
down bothered them little; one student even pointed out that this is what went on in the
Knesset (the Israeli parliament). We set some ground rules about the importance of
hearing what someone else has to say. But what was clear, even when each opinion was
given its own space to be clearly expressed, they didn’t listen to each other. There was
no interest in anybody else’s opinion. Even when I worked hard to mediate the
discussion the students resolutely refused to consider another viewpoint — it was almost
as if they regarded negotiating a position as losing face. Discussion was pointless, it was

no more than soapbox oratory.

In order to have a vibrant democracy there needs to be meaningful discussion. In my
first intervention I developed a project that I hoped would shift my students’ into more
thoughtful participants in discussion — an essential for anyone being labelled

‘scientifically literate’ within the context of civic scientific literacy.

6.6.2 Moving forwards

As well as collecting lots of data something much more fundamental was happening
within my classroom. As a teacher-researcher, | became more aware of teacher-student
dynamics. | saw how my teaching style resulted in structured lessons and that some of
the things that | had cared so deeply about when home educating my own children had

not reached the classroom — namely, student autonomy.
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My university students were all fluent English speakers and they relished the
opportunities to express their point of view on any of the topics which emerged from the
texts we were studying. But it was chaos. They loved expressing their opinion but they
never listened carefully to what anyone else said, even if | managed to enforce the rule
that only one person spoke at the time. This made me formulate an intervention within
the framework of critical thinking that would specifically address this issue. The
critical thinking ability I wanted to target with my intervention was ‘open-mindedness’-
a key component of courses in critical thinking. In developing a project based on the
principles of devil’s advocate, I felt that I might also be enhancing what are sometimes
given as the fundamental attributes of people engaged in critical thinking:
Critical thinking ...should always be:

e fair and open-minded

e active and informed

e sceptical

e independent
(Butterworth and Thwaites 2013, p.9)
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Chapter Seven

2010: Further reconnaissance and piloting the intervention

Introduction

In this year of the cycle there are two main elements: | carry out a similar
reconnaissance to 2009; and | develop, implement and monitor my intervention. This
cycle of the research is only with the two top classes in the mechina, one in the
humanities stream and one in the science stream.

The sections in this chapter:

7.1 Further reconnaissance. This includes changes in teaching style that resulted from
class observations and feedback.

7.2 Development of the Intervention

7.3 Implementation and Monitoring of the Intervention.

7.4 Evaluation and Areas for Improvement.

7.1 Further Reconnaissance

7.1.1 Getting to know my students a little better

The essay title | had given in 2009, in which | asked the students to tell me something
interesting about themselves, was not successful. Most students wrote that they thought
there was nothing interesting. So in the following academic year, October 2010, |
changed the question and asked for a few paragraphs on a book, person or event that
had influenced them. Most wrote over a page. It was insightful and moving, and gave
me a glimpse into what it means to be a young Jew, or Druze, in Israel today. Only
three people labelled their work private, though the information everyone gave was very

personal.

This approach gave me a rich body of information about my students and made me
reflect on how intimidating the students had found my initial question in October 2009.
In Appendix B | have typed an extract from all of the student essays, except the three
marked private. They are typed ad verbatim with spelling and grammar mistakes intact.
The sections omitted are generally lengthy descriptive passages. Many of their essays

revealed a strong bond with their families, and with their ethnic group. Students used
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the opportunity to identify a source of hope and courage to help them maximise their
own potential. A few illustrative extracts from the samples are given below:

(The letter and number is the way the extracts are coded in the Appendix. The normal
Times New Roman Font is my synopsis. The handwriting font is the student’s own

words.)

A2. Following her mother’s recovery from cancer., she wrote: / think it made me
stronger../ became mope mature and pesponsible. / can face every obstacle.

A3. Reflecting on the inspiration of his cousin becoming the first Druze pilot, he wrote
Being a minopity kid didn’t afifect him at all, unlike myself my cousin didn’t let anyone
bring him down, he always stayed focased on his target, not letting anyone stond in
front of it

A4. An Ethiopian student reflected on a school counsellor &4¢ s#as the one that helped
me belleve in my self.

A5. An Ethiopian student explaining why he was inspired by the success of an
Ethiopian runner: fe is from a pooy country like Ethiopia he still find the time and the
ponccr to move on with his drcam.

A6. This student explained that he wanted to be a combat doctor because his brother
lost his leg as a soldier. He added: / come from a famdy of supvivers and / strive for
victory.

A7. Writing about his hero, Franklin D. Roosevelt this student wrote: “7#e only thing
we have to fear (s feap itself’ — this goes to shore that this mas a man who feared
nothing and / admipe him for that.

C11. Writing about a biography of Israeli politician David Levi: / learned that if you
mwant something in your life its only in your hands, if you really want something you
should work hard — but in the end you will succeed..

C12. With reference to an article on Martin Luther King: erery time / feel meak op
distupbed 1 go back to the apticle to fill my soul with inspiration,

Reading this collection gives a sense of the strong ethnic identity students have. This

could affect many aspects of the class dynamic. Though not specifically the focus of my
research, ethnicity might also affect learning style and the contributions made in class. It
Is essential to keep an alertness to the socio-cultural influences within my classroom and

how these might impact on the students’ class participation and learning experience.
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7.1.2 Comparing 2009 and 2010 classes.

The classes | focussed on for the intervention were the two classes that | teach at in the
mechina at the university. | chose these classes because these students already have an
exemption from English having gained a high mark in reading, as tested by the
psychometric exam. One class was on a science track and the other on the humanities.
Both these classes always had a project as part of their semester programme in English.
And in the academic year 2010-2011, the project that would be my intervention, was
similar to the different types of projects | had implemented in previous years.

The 2010 classes were designated U hum (10) and U sci (10) to distinguish them from
the classes of the previous year designated U hum (09) and U sci (09).

Having demonstrated the usefulness of the questionnaire | had developed for the 2009
class, | felt I should use it again and compare the results of the two groups (humanities
and science) across the two years to assess whether there was any consistency. The
2010 classes were given the same questionnaire as | gave in 2009 and the analysis
showing comparison with the classes of 2009 appears in the tables below. Table 7.1
shows that the mean ages of the class and the range of ages was comparable across the
two years.

Table 7.2 shows that the number of students having one bagrut in science was small.
Most students with a science bagrut have it in biology, and only two or three students in
each class have more than one science bagrut (this can be seen by looking at the total
number of different students with at least one bagrut and seeing how close it is to the

total number of bagruyot registered for the whole of that class).

The low number of students in my classes with any high school science education, as
indicated by their receipt of a bagrut, is typical of the experience of high school students
throughout Israel. This is discussed in some detail in Chapter Two.

Table 7.1 Data and analysis: age and sex

Class Class |M | F Averages of students’ ages
size

U sci 27 15 |12 | Average ages:

(09) Mean: 22 years  Range: 18-25 Median: 23
U hum |34 18 |16 | Average ages:

(09) Mean: 23 years  Range: 21-25 Median: 23
U sci 25 15 |10 | Average ages:

(10) Mean: 23 years Range: 19-25 Median: 23
U hum |27 20 |7 Average ages:

(10) Mean: 23 years Range: 21-24 Median:23
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Table 7.2 Assessment of school science education showing numbers taking 4- or 5-point
bagruyot in science subjects.

Class Class | Biology | Physics | Chemistry | Total no. | % of
size no. of no. of no. of students | class with
students | students | students with at at least

least one | one
science science
bagrut. bagrut

U sci (09) 27 11 2 3 11 40
U hum (09) |34 |5 1 2 7 21
U sci (10) 25 |9 3 3 14 56
U hum (10) | 27 3 3 3 8 30

I calculated the Index of Interest for the two classes (Table 7.3) and compared it to the
data for 2009. Using this Index solves the problem of how to get a single figure when
the question provides trichotomous answers: very interested; moderately interested; and
not at all interested. The first answer is scored 100, the second 50, and the third zero.
The mean score is obtained by adding them and dividing them by the number of
students. This method is used internationally and allows direct comparison with

international data.

I also calculated the percentage who were ‘very interested’ (1) and the percentage that
could be identified as attentive (A), shown in table 6.4. These figures are then compared

to those recorded internationally (Table 7.5).

Table 7.3. Mean Scores on the Index of Issue Interest for my classes for 2009 and 2010.

Issue area Usci |Uhum |Usci | U hum
(09) | (09) (10) | (20

New scientific 83 69 90 71

discoveries or inventions

New medical discoveries | 76 56 76 56

Politics 52 74 50 70

Sports news 37 49 26 44

The values for the humanities classes for the two years are almost a complete match for
each issue area. The same is true for the Index of Interest for medical discoveries and
politics. The interest in science and technology is higher (90 compared to 84) but both

are well above the figures given for groups in other nations (see Table 6.4). The
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closeness of values when comparing classes from 2009 and 2010 helps give further

confidence in the reliability of the questionnaire.

Table 7.4 Percentage of attentive (A) and very interested (1) in science and technology
in each class.

Subject U sci (09) U hum(09) U sci(10) | U hum (10)
A% 1% A% 1% A% 1% | A% 1%
Science and 26 74 21 44 20 |80 15 48
technology

The values in Table 7.4 between the two years are comparable, although the
attentiveness values were a little lower and the numbers of those who were very
interested were up a little. The numbers are close enough to show the similarities in the
student body from year to year, within a subject track. From the two classes for 2010 I
calculated a single figure and listed it on the table of national data (see Table 7.5). The
values of A% and 1% put my students at the top of the international table.

Table 7.5 Percentages of 18-29 year olds who are attentive (A), and those who are very
interested (1) in scientific and technological discoveries. The data are shown in both the
form of a table and a bar chart (below).

Location Attentiveness | Very interested
(A)% (N%
European Union 13 35
Japan 2 19
United States of America 7 52
Canada 8 38
My students in Israel, 2009 (N=61) 21 45
My students in Israel, 2010 (N=62) 17 62

International comparison of percentage of
students attentive (A%) and very interested (1%)

HU 10
HU 09
Canada
USA
Japan

EU

1% W A%
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I have argued strongly against the value of standard scientific literacy tests because they
adopt the deficit model and are based exclusively on knowledge. I have adopted a
different approach in defining scientific literacy. However, | did give the standard test
to my students. The fact that | do compare my data to that of other countries does not
represent any shift away from interpretivist position. | am aware that even the questions
given in this, so-called, standardised test fail to acknowledge socio-cultural differences
between the different countries using this method for evaluation of scientific literacy.
However, if my students fared well (which was not to be expected considering their
negligible school science education) it would challenge the value given to these tests. It
would add to the argument that perhaps science education and scientific literacy should
be decoupled, and it would help throw doubt on the value of these tests as a measure of
the success of school science education in promoting scientific literacy (even when a

deficit model is being employed).

Below in Table 7.6 are the standard questions given to test scientific literacy.

Table 7.6 Scientific literacy knowledge test.

A. Please read the following statements and circle if they are true or false.

1. Lasers work by focusing sound waves. true / false
. It is the father’s genes that decide whether a baby is a boy or a girl. true / false
. All radioactivity is man-made. true / false
. The center of the Earth is very hot. true / false

2

3

4

5. The universe began with a huge explosion. true / false

6. Antibiotics Kkill viruses as well as bacteria. true / false

7. Electrons are smaller than atoms. true / false

8. The Earth goes round the Sun. true / false

9. Human beings developed from earlier species of animals. true / false

10. The continents have been moving their location for millions of years and will

continue. true/ false
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I calculated the percentage of correct responses for each question and have added them
beneath the US data for 2006 (Table 7.7). The US data was prepared by the University
of Chicago National Opinion Research Center (National Science Board 2008, pp.7-6)
The questions are not given in the table in the same order as in my literacy test. In table
7.7 the number of the question appears along the top row of the table. The numbers

correspond to the number of my question.

Table 7.7 Comparison between the scientific literacy test scores in the US and in my
2010 classes (and chart below)

Question 4 3 1 (7 |5 |10 8 2 6 | 9
number
High school 80 |68 |44 (49 |28 |77 |74 |63 |53 |38
grad.
Professional 82 |81 |64 |74 |53 |93 |92 |72 |77 |66
degree
U sci (10) 97 | 10090 |86 (88 |97 |94 |68 |91 |91
U hum (10) 96 | 100 (89 |96 |70 |100 |96 |62 |81 |81

Scientific literacy test scores compared USA and
my classes

100

80

60
A
| | |
0
1 2 3 4 5 6 7 8 9 10

M High-school Prof. degree HU Sci HU Hum

o

o

The results of my students are higher than those of the groups listed for the US. (I chose
the US groups with the highest scores). The only scores that are comparable with US
students (with a professional degree) are for question 2 (It is the father’s genes that
decide whether a baby is a boy or a girl). Since biology is the most widely taught
science in school it is perhaps surprising that so many of my students got this basic

question wrong. Among my students who got question 5 and question 9 wrong, one
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Muslim and two Jewish students wrote the unsolicited comment that they were

religious.

7.1.3 Comparison of my students with international data: Conclusions

The overall positive results from the students | tested with regard to knowledge and
interest in science were independent of the fact that they had little science education.
Even those students who were planning to study in the humanities produced impressive
figures in all the areas I investigated. These figures have to be seen as supporting the
idea that scientific literacy in its derived meaning is independent of school science

education.

The question must be asked: what is responsible for these results? The answer is
perhaps indicated in one item of data collected in a survey done in Israel in 2006 (Yaar,
2006). Quoted in ‘Science and Engineering Indicators 2014°, (2014, pp.7-35), the
survey shows: “In 2006, the majority of Israelis said they would be pleased if their
children became scientists (77%), engineers (78%), or physicians (78%).” These were
the top ranked jobs in Israel (Yaar, 2006). There was little international data to compare
this with although it was noted that in a survey in Korea in 2010 “overall, 24% said they
would “strongly support” their children in pursuing an S&E (science and engineering)
career”’. Furthermore, there is “nearly a total consensus (96%) about the importance of
maintaining a high level of S&T in Israel. This consensus is related to the common
belief that the advancement of S&T (science and technology) is vital for Israel's
economic development (94%), needs of security (90%) and quality of life (90%).” (Yaar
2006). All this data indicates that the information collected from my students probably
reflects the overall cultural standing of science and technology in Israel, as opposed to

educational input.

7.1.4 Does studying science impact on interest?

Scientific curricula worldwide have undergone many changes in order to promote
scientific literacy. However, the overall impact on student interest is not investigated.
Having shown that measurement of interest levels is consistent across cohorts in two
separate years, | feel there is value in looking at what happens after a semester of

intensive science education in a university programme.
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The students in the U sci class experience a rich input of science during the first
semester, studying physics, chemistry and biology. Also in the English programme
most of the texts studied relate to SSI. There were specifically texts relating to issue 2
(violence in society), 4 (risks of using cell phones), and 5 (animal welfare issues). There
was extensive classroom discussion on each of these issues and at least one lesson was

dedicated to the subject.

During my intervention many of the students work closely on a scientific issue.
The question | wanted to answer is whether engaging with these issues effects their
interest in them in particular. And more generally, | wondered if there declared interest

in specific issues was stable, or perhaps just a whim of the moment.

Furthermore, all these students had intense programs of study in science subjects
(usually for the first time in their educational experience). Did studying science have an
impact on their overall interest in SSIs? If there was any major shift in interest in SSIs
it would be difficult to ascertain the precise reasons for such a shift. The absence of any

change would in fact be more interesting and easier to comment on.

To assess any change in their interest in SSls | gave them same table of issues (see table
7.11) at the beginning (B) and end (E) of the semester and calculated the Index of Issue

Interest. The chart below the table shows the results.

Table 7.8 Comparison of Index of Issue Interest at beginning (B) and end (E) of first
semester 2010, and also compared with 2009 (same information shown graphically

below)

Issues U sci | U sci U sci
(09) (10)B (10) E
N=27 | N=25 N=25

1. Alternative therapies are useful/useless 65 42 52

2. Causes of violence in society. 67 44 52

3. Graphology and astrology are useful/useless 26 16 21

4. Cell phones are dangerous. 24 32 38

5. Animal welfare issues. 60 64 68

6. Pollution problems worldwide. 67 66 67

7. Global warming is/is not a serious problem. 69 70 70

8. Genetically modified food is/isn’t dangerous. 63 70 64

9. Nuclear power is/isn’t dangerous 57 68 74

10. Fluoridation of water is/isn’t a good idea. 59 o4 55
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Graphical representation of data in Table 7.8 (above)

Comparison of Index of Interest at Beginning (B)
and End (E) of semester (N=25)
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It should be noted that in a class of 25 a student changing from ‘Not at all interested’ to
“Very interested’ produces a shift of (100/25) points in the mean score i.e. an increase of
4 points. The chart shows that there is no dramatic shift overall in interest between the
beginning and the end of the semester in any issue. There are a few issues where more
than two students or more had to shift from “not at all interested” to “very interested’,

notably issue number 1 and number 2.

The overall picture is of little change and this consistency is interesting for two reasons.
Firstly, students show that they decide in a reliable way what interests them, and
secondly, their opinion of what interests them is not easily changed, in a positive or a
negative way, even after a subject has been the focus of teaching. It might be that a
single semester’s exposure is insufficient to impact on these points of view held by
students. But that in itself is interesting because it indicates that these students have
developed their interest in specific SSI over a long period of time. Socio-political
influences and media coverage, might be influential factors in making some issues of

more current interest than others.

7.1.5 Changing teaching style.

This section looks at how | developed a different teaching style which impacted directly

on the way | implemented my intervention in 2010, and then in 2011.
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The standard method of teaching in the Department of Pre-Academic Studies is text
based. Each teacher has complete freedom to choose whatever texts we want to use.
There is a book of texts available, or we can each assemble our own. There is a
university book of texts for Level 1 (top level) students in the humanities, and a separate
one for Level 1 (top level) students in the sciences. | use the published books of texts,
and supplement them with other material that | feel will interest the students. All
students are required to purchase a copy of the book of texts and bring it to each lesson.
The usual pattern of teaching adopted by the majority of teachers of EFL reading
programmes in the University is to take a text, discuss what it is about in general terms,
and use it to teach particular reading strategies. The students are then given a question
page and expected to quietly complete it during class time. The students are always
carrying a great burden of homework from all the other subjects they study so most of

us try to keep homework to a minimum.

I primarily work with classes of high-level students; this makes classes lively because
they have the skills to contribute to class discussions. While all classes at all levels at
the University encourage class discussions much of the class work is done by students
working individually. This is standard practice among my colleagues. There are good
practical reasons for this:

e Teachers always complain that students do not have good class discipline and it
can be hard work to keep students focussed and prevent endless, random social
exchanges between students in the classroom. This problem begins in school
where teachers often describe their job as “riot control” (quote from a friend
teaching in my son’s high school.) There is a feeling that it will be hard, if not
impossible, to keep students focussed if the class is fragmented into a dozen or

more separate pairs or groups.

e The classrooms we teach in at the university are often packed beyond capacity.
This leaves little physical space for arranging groups. Furthermore, the groups
would be so close to each other that the level of competitive noise would

escalate rapidly.

However, | felt forced one day to try pair/small group work in rather unusual
circumstances. The experience and the student feedback triggered an investigation into
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the research literature on working in pairs, and resulted in a change in my teaching

style.

I would like to relate how it happened: One day in a crammed, stifling classroom in the
University (temperatures over 90°F, with no air-conditioning) I realised we were
achieving little so I suggested that the students organise themselves in pairs or small
groups and took the work outside. This was the first time | had even suggested co-
operative work. | gave them a question page that related to a text we had already
discussed in class, and they left with the text and question sheet. | told them | wanted
them back in twenty minutes. | remained in the classroom available to anyone who
wanted to come back in and talk to me about any aspect of the assignment. Twenty
minutes later they returned and gave me their worksheets. Partly because they came
back in dribs and drabs, resettling them took some time, but eventually we were able to
carry on for a short while before the end of the lesson. A couple of students approached
me afterwards and said how much they enjoyed working together. My immediate
comment was that I couldn’t keep sending them outside to work! These students
suggested that | could push my desk into a corner, and we could rearrange the chairs so
that they could get some space to work inside in pairs or in a small group. And that
made me think about whether this was in fact a possibility.

They had each done their own worksheet and when | went through them in the evening
the work was well done. And it made me think more about this as a method of teaching.
I read some of the literature on the subject and decided to get feedback from the

students themselves at the next lesson.

There is a body of literature about working cooperatively in pairs “regardless of the
discipline or level of instruction” (Garfield, 1993). And there is evidence that students
working in pairs or small groups can benefit in several different ways. It appears that
some students actually assume a ‘teaching role’ when they understand the material
better than the other students, and that in this role they not only help other students but
also get better understanding themselves. Johnson et al. (1991, 36) state that “The
likelihood of success is perceived as greater, and success is viewed as more important in
cooperative than in competitive or individualistic learning situations”; this is supported
by their own research (Johnson and Johnson 1989). An interesting overview of

cooperative learning is given by McKeachie et al. (1986).
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I had envisaged that it might be a problem if a strong student and a weak student were
partnered. | supposed that the stronger student might do all the work. But there is also
a problem if two weak students partner each other because they would be of less help to
each other. Research has found (Cumming 1983) that it is preferable to have mixed
ability groups rather than groups which are more homogeneous. Although some of this
research relates to the teaching of statistics it was noted that co-operative learning is
desirable because “College courses in statistics involve concept learning, problem
solving, and the development of higher level thinking skills” (Keeler and Steinhorst,
19995); there is a commonality here with the teaching of higher level reading/critical

thinking skills and HOCS (higher order cognitive skills) in general.

| gathered the feedback next lesson by using the method | have called the petek. | gave
each of the students a blank half-page of A4 paper (each time I did this I chose a
different colour for the paper, because it made it easy for me to separate them from
other work I collected in during the lesson — all on white paper. It also marked the
activity as something different from the general work related to the course. It seemed
more fun to be writing on yellow or lilac coloured paper). The question | posed was:
“Normally I ask you to work by yourselves. What do you think about the last lesson
when you worked with a partner or in a small group?” I told them I wanted any
feedback, positive or negative. The question alone was written on the board. Their
comments were totally anonymous. The value of using open questions is clear. Cohen
et al. (2010, p.330) explain that an open-ended question can “catch the authenticity,
richness, depth of response, honesty and candour which ...are the hallmarks of
qualitative data.” However, they also note that “open-ended also carries problems of
data handling.” I used content analyses to categorise the responses received. | have
read and reread the responses, and have identified useful, umbrella categories. | have
not forced all responses into the categorisation; the authentic, individual voice can be of
great importance. It is time-consuming to do this sort of analysis rather than to use
rating scales (the problems with rating scales is described in Chapter Four under

Methods) but this method gave me more insight than a rating scale.

For this class (U hum 2010) I categorised the replies into three groups, and have given

the number of responses in each group:


http://www.amstat.org/PUBLICATIONS/JSE/v3n2/keeler.html#cumming
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Group A positive (no details): 13
(The comments in group A contained a single positive word e.g. “splendid”,

“good”, “productive”. There were no additional comments.)

Group B positive plus (these comments were positive but also identified the
importance of cooperative learning): 10
(The comments in group B revealed a cooperative learning experience e.g. “it
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helped to see things in a different way”’; “opens the mind and allows new ideas

to come up”’; “we can talk about things more deeply”; “we learn a lot from each

other”)

Group C ambivalent: 9

(These comments in group C were ambivalent e.g. “sometimes good, sometimes
it is not”: “it depends on the students”; “it depends on the partner”; “it is nice,
although people are not concentrated afterwards”; “I believe studying in a group
will help my understanding but I prefer studying alone™).

There were no totally negative comments. There was one comment totally off

the point. (The student wrote: “The article was mind-opening...”).

And there was one comment that | have not categorised. This was the only student who
focussed on the fact they were outside, but the comment has wider application and is
thought-provoking. I quote it here in full: “Doing work outside showed you have
confidence in us, making us want to do the best job we can.” This prompted me to
reflect on the issues of trust within the student-teacher dynamic. Promoting student
autonomy is a demonstration of teacher trust in empowering students to have greater
control over their own learning. There is increasing evidence (see Section 1.1.2, p.4)

that student control over their learning is associated with high levels of motivation.

I was surprised by the number of students (10) who referred to the benefits of
cooperative learning - a totally unsolicited idea. | had expected nothing much more than
comments like “it was a good idea”, or “I didn’t like it”. The fact there were no totally

negative comments was also encouraging.

On the strength of this I decided to introduce more pair/small group work both in class
and for homework assignments. In class, my desk was shoved up against the wall and

chairs were moved around; huddles of students were created, and, with a few reminders,
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they spoke quietly! I always asked if they wanted to work on an assignment in pairs
and gave the option for anyone to work alone; almost everyone worked in pairs or in a
group of three or four. | have extended this practice to all the classes | teach in different
institutions with excellent results. I can’t demonstrate that they got better grades; most
of my classes are pass/fail courses and my students almost always pass. The main point
was that they generally expressed real willingness to work hard in class in a focussed
way, and enjoyed the process. The class environment created is always one of engaged

students, even at 6pm in the evening after a day that begins at 8.30a.m.

| decided that the intervention project would not be, as | had planned, worked on
individually, instead the students would be given the option to work in pairs. This was
the format for 2010 and for 2011.

The experiences described in this section illustrate the way observation of student
activity and opinion can influence a teacher-researcher and help improve the learning
experience of students. The combination of observation, accessing student opinion, and
literature research, became an integral part of my teaching practice.

7.2 Designing the intervention
The final design of the 2010 design could only be done at this stage, when I could
reflect on the conclusions of the reconnaissance of 2009 and the other investigations
carried out early in the 2010 semester. To select my approach, | need to reflect on the
three general ways that scientific literacy can be improved, namely:

A. Improving fundamental literacy skills.

B. Teaching nature of science.

C. Decision-making.

Each of these approaches is discussed in detail below.

A. Improving fundamental literacy skills.

There is for all readers, L1 or L2, the need to be able to distinguish between reliable and
unreliable information. This presents a particular challenge when much of the
information comes from the media, both written and spoken. In order to be media
literate, Hodson (2011, p.51) states that we need to “understand that those skilled in

producing printed, graphic and spoken media use particular vocabulary, grammar,
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syntax, metaphor and referencing to capture our attention, trigger our emotions,
persuade us of a point of view and, on occasions, by-pass our critical faculties
altogether”. He continues

Overall, research paints a pretty depressing picture of the ability of students, at
both school and university level, to read media reports with the kind of
understanding encapsulated in the notion of critical scientific literacy. (Hodson
2011, p.51)

For example, research with Canadian university students (English speakers) by Norris et
al (2003) showed them unable to interpret meaning in media reports, i.e. popular non-
academic texts. Important issues in the teaching of literacy (namely, basic reading
skills) are raised by this and other work in the field. However, the methods | employ in
the academic reading courses | teach do attempt to address many of the issues raised by
Norris et al. (2003). My students are helped to develop the following skills:
understanding inference; interactively questioning the text throughout the reading;
evaluating relative levels of certainty expressed by the writer; contextualising text
socially and politically; identifying vocabulary and rhetorical devices that are affective
and impact emotionally on the reader. However, improving fundamental literacy is not

a focus of my intervention.
B. Teaching nature of science.

The traditional commitment to increasing the scientific knowledge input in school
science teaching has been eroded in recent years. Reformers of science education agree
that “less emphasis should be placed on teaching isolated scientific facts and concepts
and more emphasis placed on broad, overarching themes, including scientific inquiry
and the nature of science.” (Bell and Lederman 2003). The desirability for the public to
have an understanding of the “characteristics of scientific knowledge and the way it is
constructed” is regarded as the essence of the ‘nature of science’ (Bell and Lederman
2003). Driver et al. (1996, p.18) argue that instruction in the nature of science is
essential: “The democratic argument for promoting public understanding of science
focuses on the understanding needed to participate in the debates surrounding [science
and technology] issues and in the decision-making process itself” However, I feel the
question remains: is it knowledge or thinking skills that lie at the heart of what is

needed for a democratic citizenry to engage in SSI debates?
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A fascinating study by Bell and Lederman (2003) looked at SSI (socio-scientific issues)
decisions made by university professors from both science and humanities faculties.
The study showed that when the respondents from both faculties used ‘nature of
science’ factors in making their decisions, those factors consisted only of “superficial
references to evidence”. Bell and Lederman (2003) also noted that “developing better
decision-making skills — even on science and technology based issues - may involve
other factors” such as personal values, morals/ethics and social concerns. Decisions on
SSI are not and should not be exclusively decided by consideration of scientific data —
there are socio-economic, political and personal factors to take into account. High order
cognitive skills (HOCS) are needed to synthesis all these factors when making a

decision.
C. Decision-making.

Irrespective of the definition of scientific literacy its ultimate goal is: “to improve
citizens’ ability to make reasoned decisions in a world increasingly impacted by the

processes and products of science” (Bell and Lederman, 2002).

However, we need to acknowledge that the general population have little opportunity to
make an essential contribution to most major decisions made by governments or large
corporations. And even where the voice of the public might have some influence, the
debate is often polarised so that a range of opinions goes unheard. Furthermore, the
issues that reach the public arena are pre-determined by those vested with power and
authority. But this does not diminish the imperative to encourage the wider public to
assume a role of influence — in fact, it makes it even more important. There are ways
for the individual to gain leverage by joining a collective of similar minded individuals,
for example, by joining specific interest groups such as rights groups or environmental

lobbyists.

It is perhaps the internet that will offer greater opportunities for the democratisation of
decision-making and the increasing use of the internet platform www.change.org shows
one way concerns of individuals can gain a voice by petitioning online. It is also
conceivable that the Swiss model of referenda on topics initiated by members of the
public could gain wider application through the use of the internet. In many ways, we

stand at the threshold of increased public empowerment with the aid of internet tools.
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However, even if the general public is at present muted by the existing power structures,
there are decisions to be made at a more personal level which are related to
socioscientific issues. Furthermore, as detailed in Chapter Three section 3.8, the study
of SSls brings many benefits to students including increasing social awareness and
empathy, and developing the skills associated with decision-making and debate.

Much of the decision-making relating to SSI has been identified as being based on
informal reasoning because of the complexity of the issues (Wu and Tsai, 2007).
However, research has shown that people often failed to integrate scientific evidence
into their decision-making process relating to SSI that directly affected their lives
(Sadler, 2004; Tytler et al. 2001). I have noticed something similar with my own
students. They were given a text to read and then asked to write their opinion on the
subject. Hardly any students drew on any of the evidence/information contained in the
text. Their opinion existed independently and unaffected by what they had read — there

seems to be no ‘natural’ process of synthesis. It is a learned skill.

At a more fundamental level, | have found myself dealing with a more basic problem
related to decision-making within the classroom, namely: the failure of students to allow
that there might be opinions other than the ones they so tenaciously express. This is not
exclusively an Israeli problem. In a study done by Phillips and Norris (1999), they
looked at the stance students took on various topics before and after reading popular
science reports. They noted that “students expressed definite views, but rarely

considered there might be alternative viewpoints".

High-level decision-making requires an ability not only to understand a counter-
argument but also to construct a rebuttal to confirm the validity of one’s own position
(Kuhn, 1993). But preceding the development of counter-arguments and rebuttals there

must be the recognition that a meaningful counter-argument exists.

7.3. Implementation and Monitoring of the Intervention

7.3.1 The Intervention
The main objective of my intervention was to use a method of ‘active learning’ to
encourage students to recognise that counter-arguments exist, and can be evidentially

based. To put this objective another way: my intervention had the more general aim to
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move my students towards hearing the voice of the other and acknowledging its
validity. An essential and fundamental step in the decision-making process.

In designing the intervention, | was influenced by reforms in STES (science-
technology-environment-society) education where there is a paradigm shift from
“disciplinary knowledge (LOCS) {low-order cognitive skills} to interdisciplinary
evaluative, system thinking (HOCS) {high-order cognitive skills}” (Zoller and Scholz
2004).

The paradigm shift required by these programmes involves totally redesigning courses
both for content and approach. The evaluation of attempts to do this (Nahum et al, 2010,
and Zoller& Scholz, 2004) suggest that “long-term persistence in teaching for “HOCS
learning” and transfer does have the potential to develop “competent and responsible
decision-makers, problem-solvers, professionals and citizens.” This approach was not

something | could consider embarking upon.

| am interested in looking at whether | can introduce one simple intervention over two
or three lessons which can make my students more reflective about their own thinking

in the context of formulating an opinion. A modest, but important objective.

By making the intervention part of the term’s project I would encounter no objection
from the university authorities. | always had complete freedom over the project |

introduced.
The students were arranged in pairs (see sections 7.4 and 7.6.1).

They were asked to choose an issue that they held an opinion on. They were
encouraged to choose an SSI, but could suggest anything that interested them. Both
members of the pair could hold the same opinion or have opposite opinions. They had
to write a statement of the issue, and also each had to write their opinion with a simple
explanation of why they held that position. This page was to be put in my box before

the following lesson.

Lots of them came to discuss their choice of issue with me. 1 hadn’t given examples
because I didn’t want to influence them. I didn’t mind if a few felt a bit lost and came
to talk to me. There were, of course, ‘issues’ listed in the questionnaire given on the
first day of the semester, but these had long since been forgotten. Students often came
to me full of enthusiasm for what interested them; sometimes they could find important

‘issues’ associated with those subjects and sometimes they couldn’t. Defining an issue
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clearly, and writing their opinion in simple terms with a sentence of explanation, was

part of the project.

| gave the pages, with comments (mainly explained corrections) back to them in class
and then asked them to write the counter opinion — the ‘con’ to their ‘pro’, or ‘pro’ to
their ‘con’. | walked round the class and checked they had expressed themselves clearly
and simply.

In all the higher level classes, the teachers use one lesson to introduce students to the
library databases, especially the Web of Science, and show the students how to use
them. This is done in a computer lab. | gave my students this introductory lesson.

The next stage of the project was to use the Web of Science database and find one or
two academic articles that supported the ‘con’ position. I knew that for some issues this
would be difficult and made it clear that if they wanted to change the issue they were
exploring they could. Once they found an article they copy-pasted the reference and the

abstract on to the page and handed it in.

In order to evaluate the impact of my intervention it was introduced without any
mention of the objectives | hoped it would achieve, namely recognising the status and

validity of counter-arguments.

| was sure from my experience earlier in the semester (see section 6.4) that | wanted the
students to work in pairs. | was worried that if | asked them to organise themselves in
pairs certain individuals would be left out. And although I didn’t have any Arab
students in these classes this is really uncommon. The absence of Arabs, Ethiopians
and other minorities has been explained in Chapter Two (in the section about my
students) as due to the exceptionally high level of the University classes | teach, with
some of the students native speakers of English. | wanted a system that would avoid
any possible difficulties and so I introduced a method of allocating pairs by lottery. |
wrote two sets of numbers from 1 to 11, for a class of twenty-two students. (For an odd
number of students one number was written as a triple.) The numbers were mixed in a
bag and distributed among the students. | called out each number and took the names of

the students with the same number.

I explained that in the workplace we often find ourselves working with people we don’t

know. On the whole it was a reasonably successful arrangement except that it threw
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together a male student, who turned out to be problematic, with a rather withdrawn
female. She came to me in tears one day because he had pushed her over when he had
become irritated with her. I took the matter to one of the fulltime counsellors we have in
our department. She spoke to him and he did apologise to the student he had pushed.

He continued to come my classes but later in the semester he voluntarily decided to
leave the mechina. | spoke to the counsellor, to check that his experience in my class
was not the cause. She said it had been his own decision because he had decided not to

continue to a university degree course.

It was an awful experience. He came to me after the assault on the student and
explained that he should never work with anyone because he loses his temper easily. |
met him three years later working as a security guard at a museum in Israel. He came
up to me in a friendly way and told me he was completing his degree through the Open

University where he could work in complete isolation.

I realised that I hadn’t made it clear enough that any student could work alone if they
wanted to. Furthermore, in my next round of the intervention (2011) | would allow

students to choose whom they partnered, and see how that worked out.

This event made me keenly aware of how sensitive | must be as a teacher, and
researcher, to ensure that none of my course content and associated activities might
course any discomfort or psychological harm to any of my students.

It is worth noting that in other lower-level classes that I teach there are substantial
numbers of ethnic minorities (about quarter of the class in many cases), mainly a
mixture of Christian and Muslim Arabs. They usually partner by faith. I now realise
that it was misguided for me to think I could successfully socially engineer a class.
Handing out random partnering is not a respectful way to relate to the sensibilities of

my students.

7.3.2 Feedback, analysis using an open-ended questionnaire

The students were given a series of open-ended questions to get feedback at the end of
the semester. There are prompts written under the questions to try to illicit as much
information as possible. Table 6.9 shows the three main questions: A, B, C, which are
discussed below. Please note that under each question | numbered the lines given for
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writing answers (1, 2, 3, 4) in order to encourage the students to give more than a single
answer.

Table 7.9 Open-ended questions about the project/intervention.

A. Why do you think you were asked to do the project?

(List as many reasons as you can think of)

B. Positive reactions

(Include: what you enjoyed about doing it; what you learned; how it might help you
in the future etc.)

C. Negative reactions

(Include: anything you didn’t enjoy; how it failed etc.)

D. Do you think everyone should present their project in class?

Yes / No (please circle) and explain your reason below:

Analysis of Data on Question A

The students did write fully and the problem has been how to do content analysis on
their comments. | have forms from U hum (20 students) and U sci (27 students) and
initially dealt with the two classes separately. Reading and rereading the student replies
produced some clear categories, which received a code letter that could be written by

each response on the questionnaires.

I analysed the responses for each question separately. For question A | placed a
category for the reason given on each response.
In table 7.10 the code letter, category and examples are given for the questionnaires

from U hum.

Table 7.10. The code letter, category and examples from U hum for question A.

CODE | CATEGORY EXAMPLES

R To improve research skills ‘to learn how to use database”
“to learn how to find articles”

T To improve thinking skills “to develop new thinking
method” “to expand my views”
“to improve our way of
thinking”

C To check on English skills “to check level of writing” “to
examine our ability to
understand/read”

G To give a grade “to grade us creatively”

E To improve English skills “to improve...” reading/writing
in English.

TW To encourage teamwork Stated explicitly

GK To improve general knowledge | Stated explicitly

\ Vague “to help us in our degree”




150

| carried out the same process for U sci and the categories are shown for that class. U sci
produced the same categories as U hum with the addition of one extra category ‘to study

something interesting’. The results are given in table 7.11.

Table 7.11. The code letter, category and examples from U sci for question A.
CODE | CATEGORY EXAMPLES

R To improve research skills ‘to practise gathering resources”
“to practice digging up the right
articles that we can refer to” “to
learn how to use sources of
information”

T To improve thinking skills “to think ‘out of the box’” “to
use our heads in an
unconventional way” “to practise
an ability to give argument for
something we don’t necessarily
believe in” “to make us ask
questions about ‘facts’” “to
experience a ‘mental’ academic
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debate”

C To check on English skills “to examine my capabilities in
writing”

G To give a grade

E To improve English skills “to improve...” reading/writing
in English.

TW To encourage teamwork “to experience co-working”

GK To improve general knowledge | Stated explicitly

\Y Vague or uncertain meaning “to prepare us for uni” ‘A chance
to interest with English articles”

S To study something interesting | “to study something we find
interesting”.

I have tabulated the categories and given the number of statements (T) made in each
category and also the number of people (N) in each category. In some cases, the same
person makes two or more separate statements that fall under the same category (this
will be shown under the column for number of statements) but they will only be counted
once in the number of people column for each different category of statement they
make. This has been done for U hum and U sci (see table 7.12A)
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CODE | U hum U scitotal | U hum (N) U sci (N) No.
total (T) (M No. of people | of people
R 15 25 12 23
T 8 10 6 10
C 7 1 5 1
G 2 0 2 0
E 8 13 8 13
™ 2 1 2 1
GK 1 4 1 4
\ 1 2 1 2
S 0 4 0 4

There are several comments | would like to make about table 7.12A. It is really
surprising that anyone thought this was to do with grading as my students are told
repeatedly that my grade does not depend on their work, they only have to show
commitment to get 100% from me. | also find it rather worrying that so many in the
humanities class thought I was “checking their writing” when it is made clear that the
course is not designed to teach writing in English. The only thing we did was to look at
how to write simple statements defining an issue, and expressing a pro or a con position

on an issue. This was done both in class and individually with students.

For greater clarity, | have extracted the top three categories from Table 7.12A. and

tabulated them below as percentages in Table 7.12B.

Table 7.12B. Extracted from Table 7.12A and given as percentages.

CODE U hum (N) U sci (N) U hum % U sci %
R (improve 12 23 44 85
research skills)

T (improve 6 10 22 40
thinking skills)

E (improve 8 13 30 52
English skills)
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Evaluation of Findings on Question A.

A large number of the students in both classes thought of this as a research project with
many sure that it was about developing skills in using the Web of Science Database.
This is something | wanted to shift away from. Many of them needed help in using the
database and some came to me in despair during the semester needing one-on-one time
to locate suitable articles. Some students changed the topic of the project because they
couldn’t find academic articles relating to it. This research could be seen as a valuable
part of the process but many found it very time-consuming to use the database to find

relevant artic les, and this was the main complaint that | got about the project.

It became clear to me that it was actually more important for them to access material
that is more readily available on the internet. This would also be quicker and more like
a real world scenario experienced by the majority of people accessing information. This
would be a major change in the intervention in 2011. 1 also hoped this would shift the
emphasis away from seeing this purely as an exercise in working with the database. By
insisting on using only the Web of Science | was still pursuing a university agenda

rather than liberating my students to access information more widely.

It was encouraging to have around a third in each class explicitly homing in on the idea
that their method of thinking was being challenged. No mention, even obliquely, of
‘thinking’ had ever been made in class with reference to the project. They are only
given a few simple instructions about what they have to do. It is interesting that without
any prompting they perceive that their usual ways of thinking are being challenged and,
as can be seen from the examples given in Tables 7.10 and 7.11, they often find rather

lively ways of expressing this.

Analysis of question B. Positive reactions.

| carried out a similar content analysis for their answers to question B (positive
reactions). The code, categories and examples are given below for U hum in Table 7.13
and for U sci in Table 7.14
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Table 7.13. Codes, categories and examples for positive responses for U hum for Q. B

teamwork/working in pairs

CODE | CATEGORY EXAMPLES

A Autonomous activity. “I liked looking into a subject that
Specifically mentions the interests me”
freedom of choice of subject.

R Specifically mentions “I liked the challenge of looking for the
enjoying the research. most appropriate article.

P General positive comment. “I enjoyed the project”

O Specifically mentions “Helped me work with people I disagree
enjoying forming with.” “Fun exercise thinking about the
counterarguments. way the other side thinks.” “Learned to

find the things that are against my
opinion.” “I learned how to find the good
in things that are against my opinions.

E Helped with English skills

U Helped prepare for university | Explicitly stated
studies

TW Specifically mention value of | “Fun working in pairs”. “working in pairs

was good for our project”

Table 7.14. Codes, categories and examples for positive responses for U sci for Q.B

teamwork/working in pairs

CODE | CATEGORY EXAMPLES
A Autonomous activity. “Nice to be able to choose the topic
Specifically mentions the myself.” “I enjoyed the fact we can choose
freedom of choice of subject. | the topic since it makes the whole thing
much more interesting and really creates a
chain of events leading to a fun activity
overall.”

R Specifically mentions “Learned to use the database”. “I loved

enjoying the research. looking for articles.”

P General positive comment. “I was exposed to an interesting subject.”
“I enjoyed the freedom that was given to
me in this process”

O Specifically mentions “I enjoyed reading different opinions.” “I

enjoying forming opinions. liked giving the opposite opinion” “I
enjoyed working with a subject that is hard
to be a ‘con’”. “I feel like I won’t forget
the big picture.”

E Helped with English skills “It helped me learn how to write.”

U Helped prepare for university | “It will help with university”

studies

T™W Specifically mention value of | “Working in groups is good”.
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Tables 7.15 shows the numbers of students giving positive reactions in each category in

the U hum class and the U sci class.

Table 7.15. Numbers (N) of students giving positive reactions and

as percentages of each class.

CODE | U hum(N) | U sci U hum | U sci
(N) % %

A 2 7 8 26

R 8 3 32 11

P 5 14 20 52

O 6 9 24 33

E 0 3 0 11

U 2 2 8 7

T™W 4 1 16 4

It is interesting that about a quarter of the humanities class and a third of the science
class (24% humanities, 33% science) explicitly write how much they enjoyed looking at
the opposite opinion to their own. However, there is little consistency between the
responses of the two classes. This is interesting because in all the questionnaires there
was remarkable consistency between the responses of the two classes, even on matters
relating to scientific literacy and interest in SSls. It seems that these two tracks (science
and humanities) view project work in rather different ways. Certainly, humanities
students are required to engage in much more written project work in the rest of their
courses. Science subjects are taught, with some laboratory work. This could account for
humanities students’ greater enthusiasm for research (R, 32% humanities and only 11%
science). The fact that the subjects chosen were SSIs might explain the larger
percentage of science students (P, 52% science students as opposed to 20% humanities
students) who expressed a positive view of the project.

Overall there were general positive comments (P) from the science students and this
might reflect that they had been encouraged to select SSIs which are perhaps generally

of more interest to science students.

Analysis of question C. Negative reactions.
The same sort of analysis was done for the negative reactions recorded by both classes.
The results for U hum and U sci are given in table 7.16 and table 7.17 respectively. The

numbers of students within each category is given in table 7.18
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Table 7.16 Codes, categories and examples of negative reactions from U hum for Q.C

CODE | CATEGORY EXAMPLES
TL Too long because it was too “It was very hard to find academic
difficult to find suitable sources that covered what I needed”.
articles.
NCE Not clear enough instructions | “It was not clear how to find articles”.
on how to find articles etc.
oT Other things “Working in lottery pairs doesn’t
contribute to quality of work.” “I hate
typing it.” “I didn’t enjoy presenting
the opposite opinion while | think the
opposite way.”
NC No comments

Table 7.17 Codes, categories and examples of negative reactions from U sci for Q.C.

CODE | CATEGORY EXAMPLES
TL Too long “It took too long” “It took a lot of time to find
good articles”.

oT Other things “Don’t like using the database.” “Database
(problems working annoying.” “Didn’t like working in pair.” “We
with database and weren’t able to work with someone we would
working in pairs) like to work with.”

NC No comments

Table 7.18. Numbers (N) of students giving negative reactions, and percentages

CODE | U hum(N) | U sci Hum Sci
(N) % %
TL 9 7 36 26
NCE 3 0 12 0
oT 5 9 20 33
NC 5 11 20 41

Overall about 40% of the science students and 20% of the humanities students did not

make any negative comments.

In the humanities class 40% complained explicitly that the project was too time-

consuming and this I discovered in conversations with them related directly to the time

spent searching the database, which most of them did not enjoy. In the positive
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responses we see about 25% expressing enjoyment in doing the research, but these

students might not have encountered the frustrations that the other 40% express.

The category OT (other things) many of the science students complained about using
the database, and didn’t enjoy doing the literature search. The way I set up the pairs
was not successful (using a lottery) and as mentioned earlier, I will not attempt this

again.

As will be seen in section 7.8 accessing relevant academic articles using the databases is
time-consuming. Using google scholar has made this process much easier. 1 also think
it more useful for students to be able to evaluate and use a wide range of internet

sources.

Analysis of question D. Views on presentations.

It had been my intention to have each pair present the argument and counterargument
(with evidence) for their chosen issue.

Question D was added to the questionnaire because many students had come to me
while working on the project complaining that they didn’t have time to prepare for
presentations; it was an extra stress when they had so much work to complete in many
subjects before the end of the semester. Overall, 32 out of the total of 49 students were
strongly against doing presentations, with most of them citing lack of preparation time.
Many of them came to me after class to reiterate their concern that they couldn’t cope
with giving a presentation; the level of stress towards the end of the semester is serious
and needs to be addressed by teachers. A few students also expressed the view that it
was a “waste of time” compared to what they would be doing in the lessons i.e.

preparing for the final exam (details about this exam is given in Chapter 2).

Of the 17 who showed support for doing a presentation many reflected how useful it
would be to speak in front of the class, especially as they hadn’t done presentations

before and would need to do them during their university courses.

Some of the students who didn’t want to give a presentation explained that they would
be “embarrassed” or “were shy”. A few came to me and explained that they would not
speak in front of the class even if | asked them to. Invariably the most reticent are

females; sometimes they are obviously religious Jewish girls (identifiable by the long
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skirts they wear, and high necked blouses); their shyness is part of the religious
strictures concerning modesty that they have grown up with. I don’t force anyone to
speak in front of the class but I sometimes suggest that those few girls should instead do
their presentations to me in front of each other, perhaps in a group of three or four.

Almost always that is deemed acceptable, even by the most reserved.

In consideration of all the feedback relating to presentations | decided to go with the
majority, and so there were no presentations. If | wanted to have presentations in future
the whole project would have to be done earlier in the semester, with presentations

completed before the end-of-semester exams loomed.
7.3.3 Other research methods

In this section I discuss the following research methods | employed to gather feedback
from my students: semi-structured interviews, focus groups and conversations. |
describe the successes and failures | experienced and identify the most useful research

methods for my project.

At the beginning of the semester | had explained to my students that | was doing a
doctorate that basically looked at my methods of teaching and | would appreciate
feedback from students on all aspects of the course. They could email me, arrange a

meeting with me, or speak to me at the end of any lesson.

| also intended setting up semi-structured interviews and focus groups with the students
to get insights into their views on the intervention. | was especially interested in setting
up a focus group. | then explained what a focus group was and how it was used to gain
insight into peoples’ opinions on an advertisement, a particular product (which could be
a food, a style of shoes, a political party, or, in this case, something we did in a lesson).
In each class | asked five students to volunteer and explained we would meet once a
week throughout the semester for about 10 minutes to discuss anything that related to
the classes held that week. | thought that by establishing this as a regular feedback
mechanism [ would get a greater understanding of my students’ reactions to my course
overall, and, in particular, I would also be in touch with them during the two weeks over

which they did the project.

The focus groups failed early on in the semester. The students were inhibited to say
anything negative and I think that the whole experience felt contrived. In this situation |

was very much in the role of ‘the teacher’ and moreover, they saw me as the teacher
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who would be marking their exams and giving them a final grade. This grade would be
an important part of their final grade from the year’s study programme and would
determine if the student could access their desired course of study. There was too much
power invested in me for there to be open exchange in such a formalised setting. The
focus group is really a type of ‘group interview’ and interviewing in all its forms poses
considerable challenges. Hitchcock and Hughes point out (2001, p.160) that “interviews
are ‘situated activities’ and the materials produced are ‘situated accounts’.” They
expand on the problem with interviews (2001, p.164):
In an important sense, whatever kind of interview is used the fact that an
individual, the researcher or interviewer, is directly involved with another
individual means, inevitably, that the presence of the researcher will have some
kind of influence on the finds or the data. Many have argued that the more
involved the interviewer becomes with the situation the greater will be the

potential for researcher effect. The major problem here surrounds the extent to
which the interviewer ‘leads on’ or influences the respondents’ responses.

Hitchcock and Hughes (2001, p.164) also mention the likelihood of the respondents
giving the responses they think are expected of them. The interview structured or semi-
structured can present many challenges. The same challenges as | met in the focus
group.

It soon became clear that the feedback | wanted came more naturally in all the chance
encounters | had throughout the day This is really no more than using conversation, or
what I would like to call ‘targeted conversation’ as a research tool. Hitchcock and
Hughes (2001 p.163) legitimise the use of conversation for collecting data by a

researcher:

Conversations are, of course, a major element in any kind of ethnographic field
research. Conversations not only constitute an important source of data but
might also be regarded as method of research in their own right.

I have considered the value of conversation as opposed to interviews as a means of data
collection. I had done a few semi-structured interviews and was struck how stilted the
responses were, and it was so clear even from the way the students sat that this was an
unfamiliar experience, and one that placed them in a semi-formal setting that shifted
them outside their comfort zone — especially here in Israel where every interpersonal
encounter is designed to erode formality and to create the perception of a socially equal

society. It is a tremendous contrast to my previous life in England with all its overt and
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subtle hierarchies. However, there are also assumptions that these closer, almost
familial relationships, will somehow provide benefits and support if you are in a tight
spot. This ‘tight spot’ might be a failing grade. It takes time for students to recognise
the standards imposed by the university. As a ‘representative’ of the university [ am
perceived as an authority figure with tremendous power. A semi-formal interview
seems to underline the position of authority that | hold. The formality of the interview is
not a comfortable place to access meaningful responses. A conversation in a noisy

informal setting helps obliterate the boundaries.

One of the ways of analysing interviews is to record them, transcribe and then perform a
content analysis. This is a worryingly sterile way to get meaning from speech. All the
non-verbal cues disappear; emphasis and silences are eradicated. Analysing a group
conversation might be more impressionistic, but the contributions to the conversation
have a spontaneity that provides greater authenticity. It is a multi-dimensional
experience where physical and emotional experiences, as well as words, are processed
and interpreted by all the participants. There is a speaker but there are also all the others
on the periphery of the group who ‘chip in’. There are no inhibitions to offer negative
views; the voice of dissent can be thrown in, or, as often happens, shouted, from the
throng of the group. And there are regular opportunities for such group conversations,
especially at the end of lessons when there are always groups of students who want to
speak to me and other who hang back to hear what we are talking about. (Privacy is a

rare commodity in this society).

It has also been fascinating to realise how much the physical environment where | work
facilitates informal exchange and conversation with students. The layout of the building
I work in, which is dedicated to the teaching of the pre-academic programme,
necessitates that we are constantly in the same physical space. In fact, the building’s
design is rather reminiscent of Bentham’s panopticon for a prison, without the central
tower. There is a large open space in the centre of the building and a walkway that goes
round the perimeter at each level. The classrooms are all around the outside of the
building and open on to this walkway. As students and teachers come out of classrooms
they can be seen from anywhere on the perimeter walkaway at that level, and by looking
down from the upper levels. As soon as | come out of a class room | can be spotted, and

any of my students, emerging from another class, can immediately find me.
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Even the coffee bar, which is in the open space on the lowest floor, can be viewed from
any of the walkways (I will try and get a photo). And we all stand in the same coffee
queue as there are no facilities for staff to make coffee. Furthermore, we don’t have set
office hours for students to come and see us. The staff room has an open-door policy so
that students can come and see us anytime (we do not have separate offices in this
department). If I am not teaching | am available. Three days a week | am at the
University for ten hours a day, teaching three courses each day, and available to
students the rest of the time. (The other three days | work in other places). With over a
hundred of my own students on the pre-academic programme this places enormous
demands on me, but also provides tremendous opportunities to hear the voices of my
students on a regular basis.

In conclusion: with so much informal contact with the students providing opportunities
for ‘targeted conversation’, I decided not to continue to construct the constrained and
artificial environment of a focus group or a semi-structured interview. | not only see and
talk to students every day that | am in the department, but I also see them around the
university after they have moved on in their studies, and continue to get spontaneous

comments about the course | taught them.

The opportunities to get feedback from my students surround me, | just need to make

sure | ‘hear’ what they are saying.

During this project there were constant complaints about finding suitable articles, and |
ended up spending a lot of time working with pairs of students to show them how to use
the database to find specific articles that related to their topic of interest. Going back
over the negative responses to the end of semester questionnaire (Table 7.9), there are
19 out of the 42 which can be understood as relating to the difficulty of using the Web
of Science database. It was clear from the conversations with students that the
complaints about the time taken to do the project really related to the time spent finding
a suitable article. While it is an important and useful skill to learn, the ability to do
research using the database was not the objective of my project. Using the database
does require selecting appropriate key words and key ideas, and could be part of a
HOCS (higher order cognitive skills) focused programme. However, | had a different
aim and this wasn’t being met completely in this particular intervention. Furthermore,

the focus on an academic database for information gathering is far-removed from the
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real world situation. It would be better in the next intervention to give them free run of

the internet, with some warning of the pitfalls they are likely to encounter.

7.4. Evaluation and Areas for Improvement

It was interesting to find consistency in some of the parameters | measured in my
classes of 2009 and 2010. Although the percentage of students with one science bagrut
was slightly higher among the 2010 cohort, the measure of the Index of Issue Interest
was almost identical across the two years with reference to new scientific discoveries
and inventions, and medical discoveries. Furthermore, the percentage who declared
themselves very interested in science and technology was almost the same in the two
years, and attentiveness (A) although slightly lower was not markedly different. This
consistency of results across two year groups helps give some confidence in the

justification of extending my research into a wider community.

Giving my students the widely used international test for scientific literacy, in the
derived sense, i.e. a knowledge-based test, produced high scores, higher than a US
cohort with professional degrees (the highest scoring group in the US). Most of the
questions are physics related, a subject almost never studied in the last four years of
school. This raises the interesting question of how scientific knowledge is acquired.

A rapid means of assessing the impact of studying science was possible with my class
on the science track who were given intensive courses in the sciences during the first
semester. The question of how this affected the Index of Issue Interest was
investigated. From Table 7.11 it is clear that there were slight shifts upward in one or
two subjects, but overall studying the sciences made no difference to the Index values.

However, for me, as a teacher-researcher, the most important aspect of this semester’s
action research was a change in my method of teaching, with a shift toward pair work.
Pair work with large classes is rarely used because of the perceived problem of noise
level and the anticipated lack of work done because the students will chatter together
and not work. It was a method | adopted in all my EFL teaching and it was successful.
When students were working on a task | could go around and help them as they needed
it. There are many advantages to having pairs working together including the fact that

with 12 pairs rather than 24 individuals | could give more focussed time to any
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problems that turned up. Furthermore, when students presented a difficulty, they had
already discussed it and had progressed further than they would have done as
individuals. 1 also learnt that it was better to allow students to choose with whom they
worked than to try and socially engineer an ethnically mixed class. The petek became
established as the principal method of student feedback. Always anonymous, the petek
was used to give a mid-lesson view of what students thought of a certain activity in
class. It could also be used to get students to reflect more deeply about class activities

that happened weeks earlier.

The intervention introduced during this cycle of my research allowed the students to
choose their own subject of study. They seemed highly motivated and worked hard on
every task associated with the project. However, the databases available via the
University library website proved difficult and time consuming to work with. Google
scholar is easier to use because it is such a powerful search engine and now offers many
full length academic articles. There is now less need to use the university databases.
There is also much to recommend a ‘real-life’ situation where there is only access to
internet sources. In 2011, and subsequently, | made the search for supporting evidence
internet-based and therefore simpler. Evaluating the reliability of web information is an
important skill that is taught as part of all my EFL classes.

The prevalence of positive comments when | gathered feedback from the students was
encouraging. | hoped that the project would be even more successful once | made it
easier for them to search for supporting counter arguments to their opinions. This would
be the second intervention.
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Chapter Eight

The Intervention

8.1 Introduction

This chapter reports on the intervention that | implemented with the two classes | taught
in the Department of Pre-Academic Studies, the mechina, at the university. The
intervention was introduced in the first semester of academic year 2011-2012. The
students were at the same standard of English as the classes of 2009, and 2010, namely
ptor. As before, one class was on a science track and the other was humanities. The

two tracks are designated here U hum (11) and U sci (11).

I describe the intervention in detail in section 8.6, and explain how it was modified in
response to the feedback I got from my students when | piloted it in the preceding year.
I also look at the way the project was more closely integrated with my regular teaching

during the semester.

The earlier sections in this chapter include other investigations carried out with these
students. As well as the questionnaire | gave in the previous two years to get basic
information on age and sex, | added an additional question to discover ethnicity.
Although I did not regard ethnicity as an important consideration in the way | carried
out my research, | am aware that ethnicity can impact on learning styles. | had already
identified (see page 6-7, p.14) on its importance in the structure of debate and

discussion.

I included within my questionnaires other questions that sought to identify student

opinions relating to scientific literacy and methods to improve it.

There was an important shift during my research to hear the voice of my students more
clearly and this is reflected by the range of issues on which I tried to get direct student
feedback.

Below is an overview of the contents of this chapter. The sections of this chapter are:
8.2 Student profiles
Prior to carrying out the intervention | gathered basic information on the average
age, male to female ratio, and level of science education of students. In order to
avoid sensitive issues around ethnicity | decided on profiling language

capacities.
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8.3. Social scientific issues: student listings.

In 2009 and 2010 students had been given a list of social-scientific issues and
asked to show their level of interest. In 2011 | gave students the opportunity to
list any SSI that they could think of and identify the one that interested them the

most.

8.4. Is scientific literacy important? Student opinions.

As a result of my research | have become increasingly aware of the importance
of hearing the voice of my students. In this section I report on the way |
explored student attitudes to scientific literacy.

8.5. Science education and scientific literacy: student opinions.
This section reports on student opinions on how scientific literacy can be
improved and the role of an education in science. Data and analysis are

presented.

8.6 The new intervention
There is a stage by stage description of the intervention and the way it had been
modified following the intervention of the preceding year. A subsection gives a

detailed presentation of data and analysis relating to the intervention.

8.7 Conclusion
The overall student response to the intervention is evaluated and directions for

further research are indicated.

8.2 Student profiles.

I gave them a basic questionnaire at the beginning of the semester to determine average
age; male to female ratio; the number of science bagruyot. An additional question see
Table 8.2 was added which asked them to list the languages they know, and they were
instructed to write their languages in the order of how well they know each one. They
were asked to give their mother tongue as the first language in the list; the term ‘mother
tongue’ was defined as the one spoken at home. The answer to this question helped me

identify ethnicity of my students. The mother tongue probably providing information
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about the dominant culture within the home. They were also asked to identify their level
of proficiency in the three modalities (reading, writing and speaking). This information
is especially helpful in distinguishing those students for whom a second or third
language might reflect ethnic origins or be a language studied. Take Arabic, for
example, for Arab students it will appear as their mother tongue. Students who list
Arabic as a second or third language could be Jewish students with families who came
from Iraq or Syria, or they could have learnt it in school. The proficiency scales enable
me to distinguish these two groups. The former register higher levels of proficiency in
speaking than reading and writing. Those learning Arabic in school have studied the
subject primarily to read classic Arab texts and their proficiency in speaking will be at a
lower level than the ranking they give to reading and writing.

This method of asking for the hierarchy of languages known by students, together with
self-reported levels of proficiency in the three modalities can give insight into ethnicity,
and prevailing cultural influences. Although | have not used the information | collected
in this way | think it can potentially be a useful method, especially when asking directly
about ethnicity is prohibited (as at the University) or is seen by respondees as prying.
However, this oblique way of collecting data on ethnicity could have ethical problems.
Here it is used to give no more than a sense of the diversity of languages within a class,

although the ethnic mix of my class is revealed by this data.

Table 8.1 gives the data on age and sex of my two classes in 2011. This table also
includes the data for 2009, and 2010, so a direct comparison across the years can easily
be made. Similarly, Table 8.2 includes data for 2009 and 2010.
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Table 8.1 Data and analysis: age and sex

Class Class | M | F | Average of students’ ages

size

U sci 27 15 | 12 | Average ages:

(09) Mean: 22 years Range: 18-25 Median: 23

U hum | 34 18 | 16 | Average ages:

(09) Mean: 23 years  Range: 21-25 Median: 23

Usci |25 15 |10 | Average ages:

(10) Mean: 23 years Range: 19-25 Median: 23
U hum |27 20 | 7 | Average ages:

(10) Mean: 23 years Range: 21-24 Median:23
U sci 24 11 | 14 | Average ages:

(11) Mean: 22 years Range: 18-25 Median: 22

U hum |27 21 | 6 | Average ages:
(11) Mean: 23 years Range: 19-28 Median: 23

It is interesting that in 2011 the number of females in the U sci class outnumbered the
males, and the males outnumbered the females in the U hum class. At the
undergraduate level women are found in all science and engineering disciplines, even in

the non-biological sciences (where women have traditionally chosen to study).

It should be noted that there were four 18-year-olds in the U sci class. It is unusual to
have students straight from school; most students either serve in the army or spend one
to three years in national service (this is explained in more detail in Chapter Two).
These young students are either Arab students or they are students from underprivileged
communities and are sponsored by the army to study at university. The students
sponsored by the army are often ethnically Ethiopian, or Druze Arabs, or are students
coming from kibbutzim or rural communities in the north of the country where there is a
serious shortage of qualified teachers and educational standards are extremely low.
About 15% of the University Mechina students are on army scholarships. Their
university fees are paid (often for first and second degrees) and they also receive a

minimal stipend to live on. Many of these students continue to work in paid
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employment (even though it is illegal according to the terms of their scholarship)
because their impoverished families still need the financial support any member of the
family can provide. The students on army scholarships are predominantly found in the
science track (though some Ethiopian students have been sponsored to study law so that
they can act on behalf of their communities and protect their rights within the legal
system). These students are usually bright, poorly educated, and often have complex
and stressful family lives. The army pays for a full-time school counsellor to be
employed by the Mechina to support these students throughout this pre-academic year
of study. By contrast, the University employs one other school counsellor to deal with
the needs of the other 85% of the students.

The students sponsored by the army also receive extra free tuition in English. It is
unusual for them to be in my high level (ptor) class for English, though occasionally |
have a small number, as I did in 2011.

Table 8.2 shows the question given to ascertain ethnicity through languages spoken.
Table 8.3 gives the data collected relating to language order. An analysis of the data
follows this table.

Table 8.2. The Question relating to language fluency, from the profile questionnaire

given to the students.

Languages you know.

Please put them in order of how well you know them.

Language 1 is your mother tongue = what you speak at home.

For each language please put a check in the box which show how proficient you are
in each skill. (1=fluent, 2=quite good, 3=poor, 4=not at all)

Language speaking reading writing
112134123 (4|12 (3|4

el B A
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Table 8.3. No. of students in U sci (11) speaking each language, according to the order
they listed them.

Order | Heb | Eng |Rus |Fr Span | Ar Amh | Dan | Ger | Ukr
1. 18 3 2 1 1

2. 6 16 1 1 1
3. 1 6 2 1 1 2 1 1
4. 1 1 1

Key: Heb = Hebrew; Eng=English; Rus=Russian; Fr=French; Sp=Spanish; Ar=Arabic;
Amh=Amharic; Dan=Danish; Ger=German; Ukr=Ukranian

Students who have third and fourth languages are often revealing where their
grandparents came from. Ethnicity is preserved through language, food and customs.
The two students with Arabic as a third language probably learnt it at school, though it
could reflect third generation Jews whose grandparents came from Arab countries
(ethnicity of grandparents from Iraq, Syria and Lebanon, has been preserved through
language and food primarily, and sometimes also through traditional customs).
However, the fact that they ranked their speaking skills at 4 and their reading and
writing skills higher at 3, probably means that they had studied Arabic at school as this
is consistent with the way that Arabic is taught in most Israeli schools, i.e.as a literary

and not as a spoken language!

Students with Russian as a first language might have been born in Russia and arrived in
Israel more recently. The student with Amharic as a third language probably had

grandparents from Ethiopia.

The start of term questionnaire contained a question relating to science bagruyot. It took
the same form as in 2009 and 2010. Table 8.4 shows the number of students with a
science bagrut of 4 or 5 points. | have added the 2011 data to Table 7.2 so that a

comparison can be made across the years.
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Table 8.4. Assessment of school science education showing numbers taking 4- or 5-
point bagruyot in science subjects.

Class Class | Biology | Physics | Chemistry | Total no. of | % of class
size no. of no. of no. of students with at
students | students | students with at least | least one
one science | science
bagrut. bagrut
U sci (09) 27 11 2 3 11 40
U hum (09) |34 5 1 2 7 21
U sci (10) 25 9 3 3 14 56
U hum (10) |27 3 3 3 8 30
U sci (11) 25 11 4 4 15 60
U hum (11) |27 5 2 2 7 26

Table 8.4 shows that in the classes choosing the science track had about the same
percentage of students with a single science bagrut in 2010 (56%) and in 2011 (60%),
with a few having two in each year. No one had three science bagruyot. In the class on
the humanities track those having a single science bagrut remained at below a third of
the class (30% in 2010, and 26% in 2011)

8.3. Social scientific issues: student listings
In 2009 and 2010 | assessed student interest in ten issues which I had listed. In 2011, |
decided to approach this in a different way and ask students to list the controversial

subjects that they could think of and identify the one that interested them most.

I had in 2009 and 2010 given, them a standard list of issues and asked them to mark
whether they were ‘very interested, ‘moderately interested’, or ‘not at all interested’ in
each topic. There were also several blank lines under the list where the student could
add any other topic of special interest, but hardly anyone added anything. Providing a
comprehensive list makes it difficult to have any original thoughts. So | thought |
would try leaving it open and see what they came up with. 1 did require written answers
rather than just throwing the question out orally in class. | find that requesting students
to write down their ideas seems to make them more reflective and | always receive

better answers.
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In the question | gave them, | used a trigger statement to get them thinking about issues
in general, and then asked them to identify which they found most interesting. The

question is given in Table 8.5.

Table 8.5 Question to find issues that interest students.

There are many controversial subjects that regularly appear in the media that relate
to medical, scientific or technological issues. Please list as many as you can think of.

Now look at the list you have written and put a * next to the one you are most

interested in.

This question was given to U hum (11). In Table 8.6 is listed the issue each student
marked as the one in their list that they were most interested in. A few students failed to
identify a single issue in this way.

Table 8.6. The issue of greatest interest as listed by the students themselves

The list of issues students were interested in were (in their own words):

a) radiation from cell phones

b) the doctors’ strike (in the news at that time, my note)

c) green technology versus oil companies

d) TV versus books (people will no longer be able to read)

e) euthanasia

f) the smart-phone revolution

g) genetic engineering

h) isita good thing to develop technology that can be used in the
weapons industry?

1) medicine — are new inventions good or bad?

j) global warming

k) marijuana for patients with cancer

I) the influence of the internet on our lives

m) the internet

n) euthanasia (the medical ethics)

0) cell phone damage to the brain

p) abortion

g) cloning people

r) dependence of mankind on technology

s) euthanasia

t) science and religion

u) abortion

V) euthanasia




171

There are two dominant themes that emerge from this list, one revolves around ethical
issues, and the other relates to concern about the impact of technology on our lives. This
former category appeared in many of the general lists, even if not asterisked as of
special interest, with many students mentioning euthanasia, and four marking it with an
asterisk. This questionnaire was given to the students a week after a high profile case in
the media relating to prolonging the life of a woman who had been declared brain-dead.

And perhaps demonstrates that topicality triggers interest.

Overall I find it especially interesting to note how many in this list in Table 7.8 relate
directly to ethical considerations. Although it is not always clear what aspect of an
issue the student is referring to, b), e), g), h), k), n), p), 9), s), u), v) do require ethical
considerations when the issue is being discussed. Indeed, many SSls do, and yet the
teaching of basic ethics does not seem to be part of science literacy programmes or part

of general science teaching.

It is important to provide opportunities for discussions centring on ethics because public
opinion in this area does affect decisions made by ethics committees. Heyd, Professor of
Philosophy at the Hebrew University, who has served as a member of government

committees in Israel on surrogacy, euthanasia, organ donation, and genetic technologies,
identified unequivocally that public opinion is the prime influence on decisions made by

ethics committees (private conversation).

8.4. Is scientific literacy important? Student opinions.

During the reconnaissance | made a preliminary investigation into whether students felt
it was important for public participation in a decision relating to an SSI (see section
6.5.7). | presented the students in the reconnaissance in 2009 with a VOSTS that was
incorporated in the questionnaire as Q.14. Table 5.12 showed that 58% of the students
wanted public participation in a decision relating to the building of a nuclear reactor.

But I felt this didn’t sufficiently explore student attitudes to scientific literacy. I wanted
to ask them quite simply if they thought being scientifically literate was important for
the public in general, and specifically for themselves. | prefaced the question (Q.9) with
a short statement to help ensure that the students were responding to a shared concept of
scientific literacy. Upon reflection this statement is too strong and unbalanced so that it

IS not surprising to see such a large number accept scientific literacy as important. It is
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even misleading in attributing governments with an interest in promoting its citizenry to
participate in decisions relating to SSI. Governments' prime concern in the field of
scientific literacy is in securing the upper places in league tables that are based on the

results of knowledge-based scientific literacy test.

The data collected relating to this question is of doubtful value and although shown here

Is not used in my research.

(See Table 8.7 for these questions and Table 8.8 for the numbers and percentages of

students in each class in response to these questions).

Table 8.7. Question 9. Student opinions on status of scientific literacy.

Q9. Please read this:

Governments all over the world are interested in making sure that the public
leave school and university with a good level of scientific literacy. They feel that,
in a democracy, there are many important issues relating to science and

technology that the general public should understand and have an opinion about.

a) Do you think it is important for the general public to be scientifically literate?

Yes No Perhaps Don’tcare

b) Do you think it is important for you to be scientifically literate?

Yes No Perhaps Don’tcare

c) Do you think you are scientifically literate?

Yes No Perhaps Don’tcare

I added the ‘don’t care’ category to allow students to express absolutely no interest in
this subject. Interestingly it was never chosen as a response to any of these questions,
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Table 8.8 Data relating to Q.9 giving student opinions on importance of scientific
literacy.
Numbers of students are in brackets. Percentages are next to them.

Yes No Perhaps
U sci U hum U sci U hum U sci U hum

9a) | (23) 82% | (18) 78% | (1) 4% | (1) 4% | (4 14% |(@4) 17%
9b) | (28) 100% | (21) 91% 2) 9%

9) | (7) 25% | (3) 13% | (3) 11% | (5) 22% | (18) 64% | (15) 65%

It is perhaps interesting to note that there seems to be a discrepancy between their
aspiration to be literate and the state that they perceive themselves to be in. Even the
science students are expressing some sort of deficit here. Further research is required to
identify exactly what the students understand by the term scientific literacy, and in what

way they feel that they are not competent.

8.5. Science education and scientific literacy: student opinions.

This research has made me realise how many assumptions underpin the whole field of
scientific literacy. And perhaps the most pervasive is the notion that science as taught
in school is in some measure of paramount importance. Although some scientific
knowledge and understanding is required to discuss certain SSls in a meaningful way, it
is important to consider whether the standard school science curriculum as it is
constructed at the moment provide what is needed for scientific literacy. | had
understood from discussion with students in previous years that they felt the science
bagruyot were not worth taking. Students saw them as specifically targeting students
who were going on to university to study a science subject. But even students going on
to study science at university felt they would cover everything they needed in the first
year courses at university. And most students studying science at university have not
taken any bagruyot in science subjects. It made me wonder what view students had of
the relevance science bagruyot to scientific literacy. The question I asked is below in
Table 8.9 and the results are in Table 8.10.
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All the data | had previously collected showed that all the students had tremendous
interest in science, even those students going on to study humanities subjects. Maybe
students on the humanities track should study some sort of science literacy course at
university. Students are never consulted on what they feel they need to learn. As
university teachers we always assume we are in a position of knowing, while students
are in the position of learning. | began to investigate what my students felt was
important for them to learn. This arose because my research had shifted me, as a
teacher, from a position of authority into a position of partnership. The views of
students in their mid-20s who are making a major personal commitment to studying
have important contributions to make in defining the syllabus they are taught. It could
be formulated in a more collaborative way. If lecturers feel certain subjects must be
taught, the reasoning for incorporating those particular subjects should be explained.
Question 11 (Table 8.11) explored ways that students might regard as important in
increasing scientific literacy, Table 8.12 gives the data for both classes.

Table 8.9. Question on science bagrut. (The reference to the issues in questions 1-8 are
the standard list of issues which I first included in the reconnaissance questionnaire see
Section 6.5.6 Q. 12)

Q. 10. Which of the following statements do you agree with (please put a check in the box)

Agree | Disagree | Don’t
know
You need a 5-point bagrut in a science subject to understand
the issues given in the beginning of this questionnaire.
Table 8.10. Data for Q.10 on science bagruyot
Agree Disagree Don’t know
(No.) % of class (No.) % of class | (No.) % of class
U sci (11) 2 7 (28) 93 none
U hum (11) Q) 4 (22) 92 1) 4
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The data in Table 8.10 makes it clear that the science bagruyot are not regarded by
students as helpful in achieving science literacy. On the other hand, as can be seen in
Table 8.12 there is tremendous support for science education both at school and at
university. A more detailed analysis of the data in Table 8.12 is given beneath that
table.

Table 8.11. Q.11 on increasing scientific literacy.
Q.11 Here are some ways that have been suggested to make people more scientifically

literate. Please show how important you think each one is.

Very Important | Unimportant

important

a) Science education at school.

b) Some science education at university

(even for humanities students)

¢) Atschool: learning to read critically.

d) At university: having courses for

everyone on critical reading.

e) Visiting science museums.

f) Having local lectures in community

centers on important issues.

g) Having special government websites

on the internet which provide

information on specific issues.

The data for Q.11 is shown in Table 8.12 and the chart below it.

In order to clarify the items in Q.11 which were regarded as important, | combined the
values for very important and important for the science class, and also that data for the
humanities class. In the chart below the two dark colour bands to the right of each bar
show the percentage in each class that thought the item unimportant. (The much longer
length of bars occupied by the two lightest shades shows the percentage that thought the

item important or very important).
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Table 8.12. Data for Q.11 on increasing scientific literacy, comparing U sci (11) and U
hum (11). Numbers of students, N, given in brackets. Percentage of class next to it. This

information is put into chart form (below)

Very important Important Unimportant

U (sci) U (hum) U (sci) U (hum) U (sci) U (hum)

(N. % | (N) % (N % |[(N) % (N % |[(N) %
a) (200 67 |(19) 79 9 30 |5 21 1 3 |3 10
b)| (13) 43 |(3) 10 (15) 50 | (16) 67 @ 7 |6 21
c)|(24) 80 |[(17) 71 ®6) 20 |(7) 29
d)|(18) 60 | (11) 46 (11) 37 |(12) 50 Lo 3 |1 4
e) | (10) 33 | (2 7 (18) 60 | (13) 54 2 7 |09 38
f)| @) 47 [(5) 21 (16) 53 |(13) 54 (6) 25
g)| (11) 37 |@10) 42 (16) 53 | (8 33 3 10 [(6) 25

Students ranking methods for improving
scientific literacy important or unimportant

100

8
6
4
2
0 - u - u i
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W Sci IMP Hum IMP  ® Sci UNIMP Hum UNIMP
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o

This chart uses data from Table 8.12

Sci IMP = U sci Very important + U sci Important
Hum IMP = U hum Very important + U hum Important
Sci UNIMP = U sci Unimportant

Hum UNIMP = U hum Unimportant
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This chart shows that for items e) f) g) there is a group of humanities students ranking
the items unimportant. In the other items hardly anyone in either class ranks them as

unimportant.

There were some results here in Q 11 that surprised me, notably the answers given to
11b), and 11 d). Responses to Q 11b) showed that about 80% of the Humanities class
thought it important, or very important to have some science education at university,
only a fifth rejected the idea as unimportant. It would be interesting to offer an
appropriate course for discussing SSls to humanities students and see what sort of

uptake there would be.

Equally exciting are the responses to question 11 d) with 97% and 96% in the science
and humanities classes respectively supporting the idea of having critical reading
courses for everyone at university. These courses could offer the opportunity to discuss
ethical and socio-political matters in texts relating to SSls.

The responses to the other questions also warrant comment.

Q 11e). About 60% of humanities students regarded visits to science museums as
important or very important. (93% in the case of science students). | think the figure
for the non-science students is surprisingly high and perhaps reflects the large number

of popular outreach programmes that science museums initiate throughout the country.

Q 11f). The idea of using community centres as places to provide information on SSIs
through lectures (and perhaps discussions) received enormous support. With 100% of
science students and 75% of humanities students citing that community centers are very
important or important in helping make people more scientifically literate. These
responses reflect the importance of community centres in every neighbourhood
throughout the country. These centres are closely integrated with the needs of the
community and are usually well-run, lively institutions. Perhaps it would be interesting
to engage these centres in setting up discussions around SSls, not something they see as

part of their communal role at present.
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Q11g). The responses to this question indicate how useful government portals might be
in providing resources and information on SSls, particularly of local relevance.
Unfortunately, at present government websites are often highly skewed in providing
biased information in favour of their prevailing opinion. However, websites could be

constructed as a source of useful and more objective data.

Below Q11 students were able to write their own comments. The responses were really
interesting but only came from the humanities students - none of the science students
wrote anything (perhaps because they felt confident about declaring the importance of

science education for all without any further justification).

Many of the humanities students added comments and | am including four here that
represent the views overall. These examples are also typical of several conversations |
had subsequently with individual humanities students about whether they would
actually take science courses while studying at university. The views expressed below
are thoughtful, and clearly expressed. The science/humanities dichotomy is perhaps

becoming an increasingly irrelevant view of education.

Comments written by students in the humanities class:

Student 1: | am not interested in science, but | believe it is necessary and important for
it to be part of every person’s basic education and knowledge.

Student 2: Every person should have a basic general knowledge in order to understand
the world better. It will also give the individual better tools to criticize when necessary.
Student 3: A basic education in science should be part of the core curriculum in
school. One science course, at the very least, should be mandatory in university.
Student 4: Science isn 't isolated. Being able to be critical about scientific subjects
directly relates to a person’s striving for knowledge — and this is the main thing.
Shoving science down people’s throats will not produce real scientific literacy — the

system needs to make sure that people will have the will and ability to really be

scientifically literate. (Underlining is that of the student).

Looking at these comments | am impressed by the clarity of the writing and the

forcefulness with which the students expressed some of their ideas.
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8.6 The new intervention

8.6.1 General context

In response to student feedback to the intervention I introduced in 2010, | changed the
intervention for my 2011 classes in two fundamental ways. Although it remained a
separate, identifiable project, it became better integrated into my course as a whole
rather than an adjunct that seemed primarily to relate to the use of the library database.
Furthermore, the library databases would no longer be the sole source of supporting
materials; instead, the internet as a whole would also be available as a rich source of
information. Of course, taking information from the internet requires extra care to
ensure reliability but I included within my course a lesson on ‘Information on the
internet’ to explore the problems that might be encountered. However, the project in
these classes has always been designed to give students an opportunity to work with
academic articles found through the database, and so | still asked for sources from the

database but also permitted the use of sources from the internet in general.

The integration of the project meant a slight, but important, shift in many of my lessons.
The underlying principles of my teaching basically remained the same. However, in
2011 I initiated the idea playing devil’s advocate when discussing controversial texts.
The background to the integration of this activity into classroom discussion is given
below in section 8.6.2

I would generally describe my course as one in critical reading; it is a course which
leads students away from being passive readers towards being interactive, interrogative,
readers, who are in constant dialogue with a text — asking questions and exploring
meaning. All classes involve exploratory talk. This subject and the ideas behind it are
discussed in Chapter 3, Literature Review, in section 3.9. This constructivist approach
to teaching acknowledges the importance of facilitating students to integrate new ideas
within a pre-existing framework of the knowledge that they have already formulated.
At a most basic level it means the first steps in approaching a new text is to ask a series
of questions: “What do I already know about this subject?” “How do I know those
things? Have | read other texts on this subject, or seen a TV programme about it?”

“What questions do I expect this text will answer?”

This stage of situating new information within a personal field of pre-existing
knowledge is something that high-level readers do automatically. Reading a headline

and perhaps a few opening sentences builds an expectation about the content of the
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article. A glance at the pictures, or subheadings, will result in us rapidly constructing a
model of the article — with expectations of the sort of information it is most likely to
provide and the sort of questions it will probably answer. There is an interrogative
relationship with a text that means we are challenging what we are reading and
integrating it with other relevant information and ideas which we have constructed
through earlier experience. Readers also need to be able to identify how the author is
influencing the reader through the use of rhetorical devices. The reader needs to be
aware that an author has purpose in writing a text, and that agenda/personal bias needs
to be identified. Making this process a conscious, voiced, part of a lesson leads to
important exploratory discussion interweaving with the reading of a text.at an early
stage of being presented with a text.

8.6.2 Introducing ‘devil’s advocate’.

In my lessons | have always encouraged discussion on issues associated with the texts
that were being read. | have always tried not to impose my own views on a class
discussion so that there is room for students to develop their own ideas. So to counteract
any perceived bias of my position I routinely offered perspectives from both sides of a
discussion about an issue. One of my students was deeply frustrated with me and asked
outright “But what do you think?” What an interesting question? Did it matter what I
thought? Or was it more important to understand the arguments underlying my position,
and to acknowledge that | could convincingly take both sides of an argument? There
were indeed two sides to an argument, though not always evidentially based. Topics
relating to politics and religion were totally polarised and were faith based (even
political opinions) so they were not engaged in within the classroom.

The project, which required students to find evidence for the counter argument to their
own opinion, can be seen as consolidating the position of the devil’s advocate. I didn’t
express it in those terms but conceptually the project was consistent with the overall
approach adopted throughout the course.

8.6.3. The intervention: stage by stage
The project followed the introduction to the databases (Web of Science and EBSCO).

Introduction to these databases was a university requirement for the course I was
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teaching. Students also had a lesson on how to find sources of information on the

internet and check for reliability.

Students were told that they would be doing a research project and could work in pairs
or in groups with a maximum of three. The students were required to drop a note in my
box in the department with the names of the people they wanted to work with. There
was an option to work alone but nobody elected to do that. Almost everyone chose

work with a partner.

They also had to choose a controversial socioscientific issue that interested them and
write a brief statement of the issue. | recommended that they chose an issue where they
shared the same point of view. They also wrote a brief statement of that point of view.

I was keen that they chose something where they shared an opinion so that they could
work co-operatively in the search for information and evidence of the opposing opinion.
This would reduce the workload that students had complained was so onerous when |

ran the project in 2010.

The range of issues they chose were quite limited, with many issues being chosen by
several pairs of students. The opinions they chose to support were from both sides of
the debate. A few students suggested subjects that interested them but did not fulfil the
requirement of being a controversial issue. They were asked to resubmit. The table

below shows the recurring themes.
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Samples of topics chosen and statement of point of view (in students’ own words)

Topic

Point of view

Genetic engineering
in agriculture.

We believe that it is the best solution against pests in agriculture.

The use of nuclear
reactors for
producing energy.

We support power generation using nuclear reactors. Nuclear reactors
produce energy with fewer pollutants compared to traditional fossil
fuel based power plants. In addition, building, maintaining and
generating energy in nuclear reactors cost much less.

The use of nuclear
reactors for
producing electricity.

Nuclear reactors produce a lot of environmental damage.

Acrtificial Intelligence

There is the potential misuse of Al system. There is a very likely
possibility that this technology will be used by future armies and
bring harm to humans on an inconceivable scale.

Investing resources
on space research.

Humanity should not invest resources on space research because
people are suffering here on earth. We are just unable to say to a
hungry child that he should go to sleep hungry tonight because a
spaceship needs the money more than he does.

Sending robots or

It is better to send robots than men to Mars

men to Mars.
Stem cell research. Stem cell research should be allowed.
Euthanasia | oppose this because it is against my religious belief.

Investing resources
on space research.

In today’s global economy, when poverty rates are increasing, the
substantial budget that is directed towards space research is
unjustified.

IVF for older women

We believe that women should not be able to have babies post
menopause.

IVF for older women

Women should be able to have babies when they are older.

Cloning of humans

Our opinion is that the medical advantages of human cloning
are so significant that it minimizes the whole ethical issue and
therefore should be legal.

Cloning of humans

Genetic cloning of people is unethical.

Vegetarianism

Meat is unhealthy to eat.

Animals in medical
testing

Animals should not be used in medical testing.

I checked these notes and returned them next lesson with comments. Issues based on

religious belief would be difficult to substantiate with an evidentially-based argument.

There was a need to recognise the difference between an evidentially-based opinion and

a ‘belief’. Students with ‘belief” based arguments chose other controversial subjects.
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The next stage was about to begin. | asked them, in class, and in cooperation with their
working partner to write the opposite opinion beneath their own. | walked round and
checked that something clear and meaningful was written. And then, to their
astonishment, explained that | wanted them to find evidence to support the opposing

view. This was not what they expected.

They were asked to find, if possible two sources from the Web of Science database, and
two sources from the internet. The internet sources had to be evaluated for reliability.

This was something we had looked at in some detail in class.

If they found it difficult to find relevant articles through the database they could just use
internet sources. They had to write the full bibliographic reference for each of the
journal articles and copy paste the abstracts. For the internet sources I required the URL
and the relevant information copied into their project document. They were also asked
to write a few sentences explaining how each of these sources supported the opposing
opinion. The project was their homework assignment for the week and | expected no
more than 2-3 hours to be spent on it.

The top of the document had the student names. The main statement of the issue. Their
opinion. The opposite opinion. Followed by the evidence (both academic and internet
resources). A few sentences explaining the relevance of the evidence to the opinion it
was supporting.

The final projects were presented with pride and a sense of accomplishment. Many of
the projects were longer than the two or three pages | was expecting, and included an
extensive discussion on the opposing opinion. | read them all and arranged to speak
individually to the students about their project work — mainly to give them encouraging
feedback, and occasionally to point out possible bias in some of the sources they had
chosen. But for me this project was more about process than the final product. | did
ask the students if they would return their projects to me so that I could keep them and
refer to them (anonymously) in the research | was doing. If they wanted to keep them |
asked if they could provide me with a photocopy. Over half of the projects were

returned for me to retain for reference.
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8.6.4 Student responses: data and analysis.

At the end of the semester, a couple of weeks after the projects had been handed in by
the students, | asked them to think about the project and give me their feedback on the
half sheets of A4 that | handed out (blue for humanities and yellow for science). The

questions written on the board are shown in Table 8.13.

Table 8.14 Questions written on the board for student feedback.

A. What do you think the project was trying to teach you? Give up to three things.
B. What do you think was most useful?

C. Any other comments. Positive or negative.

The responses were anonymous, folded in half and put in a carrier bag on my desk at
the end of the lesson.

I had intentionally left a couple of weeks between the completion of the project and
collecting student comments so that they would perhaps reflect more generally on the
project.

I did a content analysis of the peteks for each class separately. The process was the
same as | had done before, but | have not yet described it in detail and will do so here.
Each petek is numbered consecutively. | make a large table with the headings shown
below in Table 8.14. For each petek I fill in the comment columns Al, A2, A3 (for each
of three things that students gave in response to question A). B was usually just a

reference to Al, A2, or A3. General comments (Q. C) were listed on a separate page.

When the whole table is filled in for a single class, it is two or three pages long. | look
over it and pull out those phrases (or words) that are recurring and then build a new
table where those phrases are listed in the first column, in the second column I write the
number of the petek in which those phrases appear. | then check through each of the
original peteks to make sure that the categorisation of each comment is appropriate. |
then give a tally for each response, as shown in Table 8. 15 for question A, and Table

8.16 for question B.
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Table 8.15 The headings for content analysis

No. Al A2 A3 B

Table 8.16A. Comments on intervention. Responses to Q.A (see Table 8.13)

Key phrase referring positively to... Hum Sci
(12) (12)
a) value of looking at opposite opinion/ open-mindedness 15 14
b) learning how to use database 13 14
c) learning how to do research on the internet/finding reliable 4 10
sources on the internet.

d) learning how to do research 8 9
e) value of working in pairs/teams/groups 2 3
f) improvement in English skills (reading/writing/analysing 4 7
text)

g) learning about a subject of interest/understand scientific 5
ideas

I have shown different responses b) c) d) separately but they all relate to developing
research skills. Students sometimes more than one of these. | should note that all
students in both classes made some reference to the fact that one of the purposes of the

project was to develop research skills.

Table 8.16B Analysis of peteks relating to purpose in terms of coding used in first
intervention, in terms of % of class. Includes data from 2010 (Table 7.12B)

CODE | CATEGORY Hum (11) | Sci(11) | Hum (10) | Sci (10)
% %

R Improve research skills | 100 100 44 85

T Improve thinking skills | 68 56 22 40

E Improve English skills | 18 28 30 52
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Many students (almost half of each class) cited "learning how to use the database” as
one of the things they thought the project was designed to teach them, others referred to
using the internet specifically and almost a third of each class saw the project as

generally teaching them how to do research.

Although all students found supporting evidence from the internet, the majority also
found articles through the database. It is not clear why the students in these classes
didn’t complain about the difficulty of finding articles on the database when this had
been found to be such an onerous task the year before. The students had chosen a
similar range of topics and worked in the same ways (either co-operatively, side-by-
side, as a pair or searching separately and comparing what they discovered). | would
like to suggest that because they were not restricted to finding only database sources
they did not feel that if they didn’t find anything on the Web of Science they had no
other option. In 2010 the students faced the possibility of not finding any articles on the
database and therefore failing to fulfil the requirements of the project. The students with
whom | worked in 2010 were all very worried, and | noted in my diary that two students
came to me “in despair”. I suspect that if you know that you can find information on
the internet the database feels supplementary and is approached in a more relaxed way.
In 2011, without pressure, students were able to approach the database as more of an

adventure of discovery.

It should be noted that doing a Google search in 2011 was more difficult than using that
search engine now. It was then in many ways similar to using the Web of Science
database — requiring careful selection of keywords. Today, even Google Scholar
responds to questions, and has similar coverage to the Web of Science, except that the
latter only covers peer-reviewed journals while Google Scholar also includes non-peer
reviewed journals. A Google search also provides access to Google Books where a
search of key terms can provide the relevant pages in scholarly books, even when the
whole book is not available online. Google now provides everyone with internet with a
wealth of readily accessible information, although the searcher still needs to be wary of

bias in all articles, both in peer-reviewed and non-peer reviewed journals.

It was clear that many of the students were totally engaged and fascinated by this
project. Many came to show me what they found as they discovered it, not because

they needed help, but because they were so amazed to find so much information relating
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to the contrary opinion. Some students in their comments referred to “seeing how much
knowledge is out there just waiting to be explored” and “the huge amount of knowledge
in the database”. This was a first encounter with accessing information, and made

students realise the immense possibilities.

The percentage of students in each class who identified the project as helping to see the
opposite side of an argument was 68% for U Hum (11) and 56% for U Sci (11). Thisis
an increase on the percentages in 2010 who identified that the project was trying to
“teach them new thinking skills” (this was the term most of them used in 2010, rather
than specifically referencing looking at the opposite opinion). In 2010 22% of U Hum
(10) and 40% of U Sci (10) stated this as a reason for giving the project. The increase
in the percentage of science students identifying the project as being aimed at
developing the ability to understand the opposite point of view or critical thinking went
from 40% to 56%, and it was a much more substantial change among humanities

students going from 22% to 68%.

In Table 8.18 | have selected twelve illustrative comments in response to Q.B, the
comments are taken from both classes. Only one comment referenced the project as
being an extension of the concept of playing devil’s advocate, a term I had used one
earlier in the semester. | had been careful not to reuse the term again during the
semester because I didn’t want students merely to echo the term back to me when I
asked for student feedback after the project. A few of their responses commonly used
the expression “open-minded”, which was a term I never used. It is important that
student feedback is clearly written in their own words and does not parrot teacher
phrases; in this way, one can have greater confidence that what the students write is an
authentic, reflection of their own thinking.
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Table 8.17A. Comments on intervention. Responses to Q.B (see Table 8.13)(showing

numbers and % of class )

Key phrase referring positively to... Hum Sci Hum | Sci
(11) (11) (11)% | (11)%
a) value of looking at opposite opinion/ open- 9 9 41 32
mindedness
b) learning how to use database 9 10
c) learning how to do research on the internet 1 3
or finding reliable sources on the internet.
d) learning how to do research 2 4
b) +¢) +d) 12 17 55 61
e) value of working in pairs/teams/groups 2
f) improvement in English skills 1
g) learning about a subject of 3
interest/understand scientific ideas
8.17B Comparing results from 7.16A (2011) and Table 7.15 (2010)
CODE | Category U hum U hum | U sci U sci
(11) % (10) % (11) % (10) %
R Research skills 55 32 61 11
@) Open-mindedness | 41 24 32 33
E English skills 0 0 0 11

Table 8.16B shows how much students in 2011 valued the research skills they got (over

half of both classes regarded this as the most important thing they learnt from the

project). In 2011 there was an increase in the number of humanities students identifying

critical thinking/open-mindedness as the most important thing that they had got from

the project.

Among science students the percentage remained unchanged. However, it is important

that a project focused on research could be regarded by at least a third of all students as

affecting the way they think.

I include in Table 8.18 a selection of their comments and have scanned a selection of

their original peteks (see Appendix E)
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Table 8.18. A selection of comments in response to Q.B., referring to the most useful
part of the project. Quotes from answers relating to taking the opposite point of view.

Hum 2. To be open minded in reading opinions.

Hum 3. To look at other views and be more open-minded to them.

Hum 4. To try and get into the mind of your intellectual rival.

Hum 5.  Searching for opposite opinions.

Hum 13. The most useful thing for me was to look at the other side of my opinion.
Hum 24. | found the critical thinking the most useful.

Sci 2. Looking for the contrary to our opinion.

Sci3.  Tolook at pros and cons of the issue | chose.

Sci7.  The devil’s advocate was good. It made me see the opposite side.

Sci9.  One could see a different opinion than his own.

Sci. 14.  How to open our minds to hear and understand the opposite of what we think.
Sci 25. It opened our minds.

For many the skills they acquired through searching the database was cited as the most
useful element of the project, others referred specifically to doing research on the

internet.

Particularly interesting and gratifying was the fact that in 2011 there were only two
negative comments out of the two classes. One commented that “the project is in low
level” and the other complained that “the project was kind of a surprise and should be
mentioned in the beginning of the semester.” No student ever came directly to me to
complain about any aspect of the project. They did come and make positive comments
about how much they enjoyed doing it. Giving them freedom to access information on
the internet seemed to solve the complaints | had received from the year before.

In 2011 there were lengthier comments were made to Q.A. For example: “The demands
of the project in itself presented the idea that no opinion is right on its own — it should
be based on research and a good argument. Having to research for answers to base my
own opinion on has helped me learn that. In addition, I learned | am able to hold an
open mind to a sensitive subject and opinions | essentially disagree with. More than
anything, it seems important to learn an attitude of open mindedness to other points of

view.”

And another: “To every controversial issue there are two sides and in order to

understand the issue we need to know both sides.”
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A few other students included some general comments — all very positive — for
example:

“A fun, new way to teach me about depending on myself, trusting my abilities,
broadening and raising my knowledge”.

“The project wasn’t boring because I wasn’t forced to work on a topic I wasn’t
interested in”.

| saw all the students after the end of the semester on the days of the exams and then
later after they had received final grades, and there continued to be positive feedback.

In the following year, when walking through the university campus, | would
occasionally bump into my former students individually (only humanities students
because science subjects are taught on another campus on the other side of the city). On
three occasions the students said how useful the project had been. It was possible they
were referring to the research skills they used but when | asked in what way the project
had been useful, they all said something along the lines that it made them look at
opinions in texts more critically.

It would be interesting and important if a proper longitudinal study could be done to see
whether an intervention like this has any impact in subsequent years on how students
view and formulate opinions and whether they retain an increased openness to other

people’s opinions.

8.7 Conclusion

This stage of the intervention sees a major shift in my perception of my role as teacher. |
think I have always naturally assumed a position of authority; in a university setting
lecturers are assumed to know what their students should be learning and how they
should acquire a certain corpus of knowledge. Asking my students for their opinions on
course content and giving them greater autonomy in the project was a really positive
experience. | continued to encourage pair work whenever possible, something the
students regularly acknowledged as something they really enjoyed and valued.

The intervention itself achieved a great deal of what | hoped it would — students,
without prompting, described the project as encouraging them to be more open-minded.
I also did not get, as in the previous year, any complaints about difficulties of using the
library databases. | ascribe this to the fact that I allowed them to use the internet freely.
They continued to use the Web of Science/Knowledge but were not confined to it.

Many also acknowledged how much they appreciated being able to choose their own
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subject for study. Speaking to them out of class it was clear that they devoted more
time than | expected. This was a project about process rather than content and by
allowing students to select their own subjects of study I saw high levels of commitment.
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Chapter Nine

Discussion and conclusion

Introduction

In this chapter I will discuss the findings of the research described in Chapter 6
(Preliminary Reconnaissance), Chapter 7 (Further reconnaissance and piloting the
intervention), and Chapter 8 (The Intervention). | will show how my findings addressed
my main research question and my five sub-questions. The sub-questions are listed
here:

1. How can the term ‘scientific literacy’ be usefully defined in the context of my
action research?

2. How can I endeavour to improve my students’ scientific literacy (within the
meaning | ascribe to scientific literacy)?

3. How do levels of interest towards science and technology among my students

compare with those of similar groups in other countries?

4. Is the degree of interest in scientific issues associated with the field of studies
students are pursuing at university: specifically, do science students show

more interest than those on a humanities track?

5. Can I collect any data that will contribute to the discussion of the relevance,
or otherwise, of science education in school and its impact on scientific
literacy?

The chapter sections are:

Section 9.1 Defining scientific literacy — addresses the issues raised by the first two of
my four sub-questions | presented at the beginning of this thesis.

Section 9.2 Assessing Scientific Interest — reflects on the findings of my research
relating to sub-questions 3, 4 and 5.

Section 9.3 The teacher-student dynamic — considers how my role as a practitioner-
researcher changed my classroom dynamic, the relationship with my students, and my

teaching methods.
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Section 9.4 Outcomes of the Intervention — discusses the development and outcomes
of my intervention and contextualises it within the framework of my main research
question:

How can the scientific literacy of Israeli university students be improved as part

of an advanced academic English programme?

9.1 Defining scientific literacy

In the literature review, Chapter Three, | discuss the diversity of meaning that
accompanies the term “scientific literacy”. My conceptualization of the term owes
much to sociological researchers in the field who acknowledge the value of personal
knowledge, acquired through life experience, rather than through instruction. There is a
shift away from understanding scientific literacy as being related to the acquisition of
knowledge. The definition that | have adopted sees scientific literacy as a series of
skills, and in this I am following the ideas and extensive research of Norris and Philips
(2003). These skills include not only a high-level of reading comprehension (which |
already teach as part of my course) but also those skills associated with critical thinking.
Improvement in critical thinking skills is of direct value in improving scientific literacy.
I chose to focus on that skill associated with acknowledging the value of counter

arguments.

9.2 Assessing scientific interest.

| selected as the prime focus of my research two of my classes of students at a
university mechina (pre-academic programme). These classes were students with
limited high-school science education. Forty per cent of students on the science track
had a single science bagrut (almost exclusively in biology), and in the class on the
humanities track only twenty per cent had a single bagrut in a science subject (again
almost exclusively in biology). These figures corresponded closely to those of my two
top classes (level 1) studying at a college of engineering, with the class of academically
more proficient students having 50% with a single science bagrut, and the slightly
lower academically proficient students having only 20% of students with a single
science bagrut. All these science bagruyot were mainly in biology, with very few
taking chemistry, and hardly any taking physics.
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It could be argued that my mechina students at the university are an atypical group of
students. Highly motivated and aspiring to gain places at university, where entry to any
field of study is highly competitive, especially in all science subjects. It is, however,
important to note that studying at mechina is a well-established educational path in
Israel. Most institutions of tertiary learning offer a pre-academic programme to bridge
the knowledge gaps which many students have post high-school. Attending a mechina
does show motivation but since most young people today intend to get a post high
school qualification, studying in mechina is not an exceptional path to choose within

Israel.

However, my class on the science track in the university mechina had about 20% of
students who wished to study medicine. These are highly motivated students who
needed to get a 99% average across all the subjects they study at mechina in order to
gain a place at medical school — no more than about three or four a year will achieve
this. The others will go and study other subjects, and many will pursue medical studies
in Bologna, Italy, or in Hungary. It is important to consider whether this highly
motivated, high-achieving group could skew my results. Throughout my research |
have always worked with two classes, one on a science track and the other committed to
studying humanities. Any major discrepancy between these two groups could be
ascribed to the skewing of results by that faction of highly motivated and academically
successful students in the science class (about 20% of the class, according to their

declared intent to study medicine at university).

The fact that the humanities class produced data that was consistent with that of my
classes at CE (where admission criteria are low or, in some years, non-existent)
indicates that it might be reasonable to regard them as a more representative sample of
students in tertiary education than those at U on the science track. The similarity in
scores was clear when comparing U Hum and CE T (the academically weaker of the
two CE classes (see Table 6.10).

My questionnaires collected data on levels of interest in a range of topics, and gave
students an opportunity to declare how well-informed they considered themselves.
From this data two indices were computed: the index of interest and attentiveness.
These provided me with a direct quantitative comparison with international data
computed in the same way. There was the possibility that my cohorts were so far

removed, socially and culturally, from international assessments that any comparison



195

was invalid. However, it was interesting to note that on the topics relating to sports and
politics my groups showed values for the index of interest and attentiveness at the same
level as both the European Union and Canada (the only global regions for which there
exists comparable data). This helped give me more confidence in comparing the data
for index of interest in the two categories ‘inventions and discoveries’ and 'medical
discoveries’. My students (both science and humanities) were amongst the highest
recorded internationally (see Tables 6.6, p.107, and Table 6.10, p.112). The value in
comparing data internationally is that it raises the possibility that high scores for the

index of interest are not necessarily the result of science education in school.

Enquiring about their interest in some contemporary issues with scientific/technological
content showed that many issues received a high Index of Interest. It should be noted
that an index value of 50 shows that all members of the class declared that they were
moderately interested in a subject. An index of 60 from a class of 30 students could
mean that around 7 students were very interested while the rest showed moderate
interest (see Table 6.10).

Furthermore, when presented with a VOSTS question, the answers from about two-
thirds of all my students showed that they felt public opinion should be included when
government was making decisions with scientific, technological, and environmental
relevance (see Table 6.11). From my classroom experience it became clear that issues
with medical content (e.g. relating to euthanasia, vaccination of children) were seen as

subjects in which government policy should be strongly influenced by public opinion.

Although the vast majority of these students had received little or no science education
in high school, my data seems to support the idea that a majority of the cohort were
interested in scientific issues and wanted their voice to be heard within public debate in
decisions with scientific/technological content.

The data sets | collected across 2009, 2010 and 2011 showed internal consistency across
the years, with levels of interest and attentiveness having similar values in the study

populations in each year.

Data collected in 2011 (Chapter Eight) showed that 100% thought scientific literacy
important, and over 90% did not regard a science bagrut being important to gaining that
literacy, although they all thought science education at school was important. This is an
important and interesting distinction. However, as explained in that chapter, the

question was perhaps flawed and misrepresented the term scientific literacy, but | don't
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think it totally invalidates the results given here. It would have been preferable to have

first explored what the students understood by the term scientific literacy.

But it is worth noting that over three-quarters of the humanities students thought it
important, or very important, to receive some science education while at university (see

Table 8.12, p.176), though the nature of the content was not explored in my research.

I had also given a scientific literacy test early on in my research. Here my students
scored higher than every group that had been assessed internationally, including the
group that claimed the highest scores in the US (i.e. those with a professional degree).
The scores of my humanities students were also higher than those gained in the US by
high school graduates, or those with professional degrees. And while international
comparisons ignore those parameters that make my Israeli cohort different from
counterparts in other nations, my data does lend support to the argument that perhaps
school science education is not a marker for levels of scientific literacy, even when the

term is focussed on knowledge acquisition.

I did not investigate within this research how my students acquired their scientific
knowledge. But it should be noted that they fared particularly well on those science
questions unrelated to biology, and did rather dismally on the one question that was
biologically related. This perhaps offers additional support for the idea that study for
state exams (bagruyot) does not promote increased scientific knowledge in those areas
that have been designated by international testers as being particularly relevant in

assessing scientific literacy.

9.3 The teacher-student dynamic

Engaging in an action research project made me reflect not only on the methods of
teaching | adopted but the whole teacher-student construct that framed my role as
teacher. This project had started out with me assuming that my students’ scientific
literacy would be improved if | ensured that they were able to read text and gather
information in a more critical way. | thought I would include rhetorical analysis of text,
and show them how authors, even scientific authors, are highly manipulative of readers.
I always wanted to show how texts, even scientific texts, are situated within their own
cultural-political framework. And these activities were an integral part of the content of
my teaching within the academic reading programme.
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However, it was the chaos which accompanied the open discussion forum that I offered
in class (initially relating to the topic ‘violence in society’) which highlighted the
problem of getting students to discuss contentious issues. They had an inability to listen
to another opinion, let alone show any respect for someone with a contrary point of
view. It was out of this experience that the termly project based on playing devil’s

advocate was developed.

My classroom changed during this research from individuals working alone to pair
working whenever possible, and this was appreciated by most students. It was student
feedback that alerted me to the fact that this might be a more useful way of organising
work in class. When working in pairs the students seemed engaged in whatever had
been set and produced good work.

At every stage, my observations and reflections were directed towards improving the

student learning experience. Their detailed feedback was of great importance.

My prime method of accessing student feedback became the petek, and this enabled me
to capture student opinion on matters relating to my teaching during the lessons
themselves, or some days or weeks later. As a practitioner-researcher | found myself
shifting my perspective from being teacher-centred to being student-centred. Questions
that became important included: what do my students think I am trying to teach them?
Do my students want me to change my teaching methods? Do they share my view of

what is important/relevant in this class?

I also tried to change the physical environment by rearranging the chairs (with attached
mini desk flaps) to form a semi-circle around me, rather than the formal ranking of rows
(with back row students always a little disengaged from the class). In the packed
classrooms at the university this was rarely possible. 1 also started doing more teaching
sitting, instead of always prowling around and performing standing up. This made me
more part of the class, but was not always possible when there were many rows of
students and those at the back did not have direct line of sight with me. I also welcomed
opportunities for engaging in chance encounters in the mechina building wherever

possible, not approaching the students but making myself available to talk to.

I have discussed (section 7.3.3, p.157) the problems of using focus groups and semi-
structured interviews in gathering student opinion. The teacher-student power

relationship is particularly strong in a university setting. | am responsible for their class
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grade, and marking their exams. They see their future as within my hands. The
formalised structure of a focus group, or an interview, only produced non-controversial

comments. The anonymity of the petek allowed for more meaningful responses.

9.4 Outcomes of the intervention

9.4.1 Challenges of working with my students.

My action research with the intervention focused on two classes on a year’s pre-
academic programme at the University. Both classes already had a ptor (an exemption)
in English. This is awarded to students who achieve a score of 133 and above on the
nationally accredited psychometric exam in English. This test focuses on knowledge of
vocabulary and high level analytical reading skills. 1 had taught ptor students for four
years at the university prior to commencing my research in 2009 and found they had
high levels of reading and speaking, but their writing skills were weak. However,
giving short written responses as required on the petek was comfortably achieved by all
the students in all the years of this research project. Where | have quoted from their
petek responses | have always done so word-for-word. At no point during the
interventions | introduced did students complain about the challenge of working in
English. It might be suggested that these students could have been primarily mother-
tongue English speakers, but of the two classes questioned about their spoken language
proficiency only six students listed English as their mother language, and that does not

necessarily indicate proficiency in reading or writing.

It did not seem that working in English affected the progress and outcome of the
project. However, the dynamics of the classroom, which reflect student-student and
student-teacher relationships, were embedded within a complexity of socio-cultural
contexts that | am still trying to fathom after working in Israel for 11 years. The
classroom dynamics affect both teaching and learning styles. It is outside the scope of
this action research project to analyse this in detail; however, reflecting on the nature of
the teaching experience within an Israeli institution is an important element in my

research.

During the course of this research | changed the working pattern within my classroom
and moved to using pair work wherever possible. My fear that it would degenerate into

chaos was misplaced. Doing things together is a strong pattern of behaviour in Israel;
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individual study is rare outside the classroom. Within university and college libraries,
large areas are set aside for working with a partner or in a group. University libraries
often provide many small, bookable rooms for groups of students to work together, and
there are large areas where tables and computers are provided and talking is allowed.
Few students engage in solitary, silent study. My students thrived when working in
pairs. They seemed more focussed on the work. Their petek feedback showed how

much they enjoyed the opportunity to work in this way.

Ultimately, it was my classroom experience which determined the content and structure
of my intervention. | had been intending to make this research focus on critical reading
strategies that would help my students become more aware of the socio-political context
of all texts, even those that purport to be exclusively factually based (for example,
science writing at all levels from newspaper reporting to journal articles). And this was
an important element of my teaching when we were analysing texts. However, the
inability of my students to hold a reasonable classroom discussion became the main

influence on the interventions that | developed.

Introducing discussion in the classroom revealed several problems that needed
addressing. Firstly, everyone spoke at the same time. This was easily dealt with by
introducing a rule that only one person can speak at the time. But still the discussion
was primarily a forum for expression of deep passion. Argument and counter argument
were presented but there was no construction of argument based on what others said.
There is a great deal of literature on the role of exploratory talk, i.e. constructive
engagement through discussion, in student learning within the school environment
(Simpson et al.2010). But my focus did not concern developing exploratory talk. 1 felt
there was something of fundamental importance lacking in my students that needed to

be addressed: an inability to acknowledge the value in any counter argument.

Adapting a devil’s advocate approach to discussion seemed to offer a way forward and

became the basis of the interventions | implemented.

9.4.2 The intervention

All students in the ptor classes were required to do a project as part of their first term’s
study in the English classes within the mechina. Each teacher has complete freedom in
their choice of project. Students in these classes were taken to the computer lab for an
introduction that to the library databases (Web of Science, EBSCO). In preparation for

their university studies, | also included a general lesson on evaluating information
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obtained on the internet, providing my students with an overview of useful sites on the
internet and how to use the search engines of Google-scholar and Google-books. In
recent years the Google search engines have become so powerful that they are more
useful than the library databases. However, articles not available through open source

can often be accessed online through the university library.

The project offered me the ideal opportunity to introduce and monitor an intervention.
Traditionally, all the teachers of students in level 1 and ptor classes gave them a project
based on using the library databases. Most teachers asked the students to find an article
on a particular subject and write a summary. Students from all the classes regularly
meet informally during break time and talk about what they are doing in class. At the
outset of work on the project, my students would recognise that the project they had
looked a little different from the other class projects. However, there was nothing to
alert them to the fact that it would unfold in a totally different way to the other projects.
Indeed, they would probably have seen it as a variation on the theme which other
teachers made explicit i.e. giving practice in researching using the library database. It
was important to me that | did not give them any indication that | was using the project
as a vehicle to make them more critical thinkers, and change their perception and
understanding of people who hold counter views to their own. (Detailed descriptions of
the intervention are given in chapters six and seven).

By veiling my project objective, it allowed me to get feedback on what students thought
the project was actually trying to achieve. The responses | got on the peteks and orally
were interesting. The student responses showed that my small intervention could be
identified by most students as changing their attitude to counter arguments.

This intervention also supported my research goal to improve scientific literacy. There
can be no useful participation in discussions relating to issues of
scientific/technological/environmental importance without investigating, understanding,
evaluating, and respecting opposing opinions. Of course, it can be argued that this
forms the basis of any meaningful discussion on any subject. Science literacy might
require more explanation and information on some of the more technical aspects of a
subject but, ultimately, citizens should be hearing both sides of an issue, and
challenging strongly held opinions (both their own and those of others). Many of the

issues might be of immediate personal relevance, and here | am thinking, for example,
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of my student whose wife was about to give birth and he wanted to challenge his own
view that she should be in hospital rather than at home for the delivery. And, of course,
there are wider societal implications for developing scientific literacy: to help develop
informed democratic societies which hopefully will be able to claim their right to mould

and influence the world we live in.
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Chapter Ten

Final reflections

Introduction
This chapter provides an opportunity to take a brief look back over the path taken, and
to identify future possibilities that might result from my action research. The sections in

this chapter are listed below:

10.1 Path taken. A brief description of how my interest in this research first
began and how it progressed. This section includes information on how the
results of my action research are being incorporated by other teachers.

10.2 Contribution to knowledge

10.3 Implications and future research

10.4 Limitations of my research design

10.5 Application of my research

10.6 Closing remarks

10.1 Path taken

The first seeds of this research were sown many decades ago when | was working as a
medical physicist at St Mary's Hospital, Paddington, London, where choices of
treatment and investigative procedures went totally unquestioned by patients. Not only
did the patient view the doctors' decision as sacrosanct but when | wanted to explain a
procedure patients expressed the view that this was something they didn't want to
understand, and probably would not be able to understand. | left my job and research,
and moved to science journalism as a move towards helping to inform the general
public about science and medicine. But the pressures to produce headline copy meant a
loss of integrity in reporting, and | moved on to education of high school students.
Slowly it became clear that there were gaping inadequacies in education and when |
joined a university in Israel eleven years ago | saw an opportunity to investigate and
tackle what | was beginning to identify as the failings of current education in
developing a citizenry that would envisage itself as true partners in government

decisions relating to developments in science, technology and medicine.
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The action research project gave me the opportunity to probe ideas on scientific literacy,
and then investigate how my students could be engaged in the endeavour to promote
their own scientific literacy.

This research began with an extensive review of the literature on scientific literacy. And
there were several formative ideas that emerged from this intensive period of reading,
which took over year in the first phase of this project. It soon became clear that many
authors felt the standardised testing of scientific knowledge did not provide a useful
basis for defining 'scientific literacy'. The detailed arguments are presented in the
Literature Review, Chapter Three. For example, Kenneth Prewitt’s noted that “scientific
literacy” begins at “the point of interaction between science and society” and not with
science itself (Prewitt, 1983), and Keith Devlin introduces the concept of 'scientific
awareness', noting that "it is pointless to define scientific literacy in terms of any
particular body of scientific knowledge." (Devlin 1998, p.559). The extensive research
of Norris and Phillips (2003) identifies the problems of interpreting meaning and the
inferring of authorial intentions in popular scientific articles. For them these
interpretive tasks “transcend scientific knowledge and knowledge about science”, and
highlight the importance of a more fundamental definition of scientific literacy not
dependent on scientific knowledge, but requiring the ability to think critically.

The literacy program that | taught university students, among other students, was
already dedicated to ensuring that my students were able to read critically — for
example: understanding the significance of social, political context on meaning; the use
of rhetoric in affecting meaning.

Embarking on action research | became more sensitive to my classroom experience and
recognised that there was a serious inability among my students to listen to opinions

contrary to their own, and even to show any degree of respect to someone holding those
opinions. Changing these attitudes became the focus of my interventions. The ability to

be open-minded is a core skill within critical-thinking.

The intervention | devised did seem to impact on students, according to their own
feedback, and has become integrated in all the programmes | teach. Moreover, several
other teachers at the university are now adopting my 'devil's advocate' project within

their own courses. Particularly gratifying is the inclusion of this project within a new
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English bagrut. I have called it 'Know your own mind?" and | have been invited to write
the lesson plan for it, and present it as part of the professional training programme that
will be offered to teachers who will be introducing this high-level English programme
within their schools. Methods for investigating the validity of information gleaned from
the internet is part of this package.

Monitoring of student feedback was an important issue in my action research, and |
devised a method | called 'the petek'. This simple procedure of getting snapshot
responses from students written anonymously on coloured half sheets of A4 is being
more widely adopted among teachers both within the university and among teachers

working in high schools.

10.2 Contribution to knowledge and understanding
My contributions to knowledge are derived from the findings from the research I did to
address my initial research questions. The research questions are listed here:

1. How can the term ‘scientific literacy’ be usefully defined in the context of my
action research?

2. How can I endeavour to improve my students’ scientific literacy (within the
meaning | ascribe to scientific literacy)?

3. How do levels of interest towards science and technology among my students

compare with those of similar groups in other countries?

4. 1s the degree of interest in scientific issues associated with the field of studies
students are pursuing at university: specifically, do science students show

more interest than those on a humanities track?

5. Can I collect any data that will contribute to the discussion of the relevance,
or otherwise, of science education in school and its impact on scientific
literacy?

Paralleling these research questions are the following sections, which help clarify my
contribution to knowledge in the context of each question. Section headings:

10.2.1 Scientific literacy as critical thinking

10.2.2 My intervention — a method for developing open-mindedness in the context of

improving critical thinking.
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10.2.3 Comparing the interest of my students in science with that of other international
cohorts.
10.2.4 Interest in science among humanities’ students.

10.2.5 Impact of school science on interest in scientific issues.

10.2.1 Scientific literacy as critical thinking

Having explored the discussion surrounding the term scientific literacy in Chapter Three
(The Literature Review) I have adopted the view that scientific literacy, in the context
of the ability to discuss SSls, necessarily includes critical thinking skills.

By improving critical thinking, | am directly contributing to an improvement in

scientific literacy.

It seems possible that in order to develop scientific literacy core thinking-skills need to
be integrated within the education system at all levels. I identified the importance of
showing open-mindedness in discussions as being a core-skill. 1 felt it important to
improve this skill, so that students could participate in meaningful discourse. An ability
to be self-critical and open-minded are an essential part of any discussion of SSls, and

perhaps should therefore part of any program designed to improve scientific literacy.

10.2.2 Method for developing open-mindedness in the context of improving critical
thinking.

While there is much dispute about the definition of scientific literacy, the aims remain
the same: to ensure a citizenry can meaningfully engage in decisions relating to SSIs,
particularly those issues that are felt to be personally relevant. | have suggested that
scientific literacy should be seen as driven by a set of critical thinking skills and not by
a knowledge-base. Critical thinking includes the ability to acknowledge contrary
opinions to one's own, and developing such an ability can be seen as a valuable
contribution to the development of scientific literacy. I used a project based on devil’s
advocate to help students understand that counter opinions can be evidentially based,
and need careful consideration. The students themselves identified the project as
providing them with awareness of the value of other opinions, and referred to the ability
that they had acquired as ‘open mindedness'. Their feedback showed that they were

aware of changes in their decision-making process. They wrote statements that showed
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an increase in their ability of valuing counter opinions, which is of fundamental

importance in any decision making process.

This study was unable to monitor whether there any long-term effects of this
intervention. There was some unsolicited feedback from students encountered a year or
two years after completing their mechina studies which suggests they saw the
intervention as helpful in formulating opinions in their degree studies (this feedback
was only from humanities students who continue to study on the campus where the

mechina is situated).

10.2.3 Comparing the interest of my students in science with that of other international
cohorts.

As an interpretivist action researcher there are caveats when making international
comparisons between one’s own findings or data sets and those of other countries. The
context of my research is within a unique socio-cultural framework, and making any

sort of comparison needs to acknowledge the wider influences on all data collection.

However, the comparisons | made of the Index of Interest, Attentiveness, and scientific
literacy scores could help to challenge the international coupling of these scores with
school science education. The fact that my students ranked highly on all these measures
when compared to their international peers perhaps can be seen to challenge the linkage
between school science education and each of these different measures of scientific
literacy. A decoupling of school science and scientific literacy has far-reaching

implications which deserve much wider discussion.

The success of my students compared to their international peers in a scientific literacy
test, does suggest that my students gained their science knowledge autonomously. My
students, like the majority of Israelis, will read newspapers avariciously, and certainly
there is wide reporting of science and technology within the Israeli press. My students
also reported watching science programmes on TV (National Geographic being a
favourite). Newspapers and television have been identified as essential sources of
scientific knowledge in the general population (Nisbet, 2002). And for any student
curious to find out more about any topic the internet is an immediate resource — even

available on their smartphones. This is an area for future research. It is important to
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identify how knowledge is acquired independently of school teaching as this could help
understand how to build lifelong learners. It also suggests that the content of school
science does not need to focus on the acquisition of knowledge but could offer skills of

analysis and evaluation i.e. critical thinking skills.

10.2.4 Interest in science among humanities students

My university students on the humanities’ track showed similar interest in science,
technology and medical discoveries as the students in the college of engineering. (Table
6.3). These groups showed slightly lower values than those university students on the
science track.

However, there was a high level of interest among humanities’ students to receive some
science education at university. It is important that discussion of SSls should not be
confined to those who are studying science. More research needs to be done here, but
the indication is that students committed to studying the humanities would engage with
courses on science. The content and demands of such a course would need careful

consideration, and perhaps should be embedded within a critical thinking program.

10.2.5 Impact of school science on interest in scientific issues.

My findings showed a high level of interest among mechina students in media coverage
of topics relating to science, technology and medical discoveries. This result is
interesting because they have received a very low level of science education at school. It
indicates their interest is independent of school studies.

There is research that suggests that their interest in science is because they have had
little high-school teaching in the subject. This view is supported by a body of evidence
cited by Vedder-Weiss and Fortus (2010, p.200). Many of these findings note a
substantial decline in students' motivation to learn science during the adolescent years.
This marked decrease in motivation has also been found in other subject areas and
researchers in this field have suggested that this is the result of education policies that
do not listen to the students' voice, and does not allow them to make choices about
curriculum (Osborne et al., 2003). It is of value to mention that Vedder-Weiss and
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Fortus own research (2010) in Israeli schools showed a decline in student motivation to
learn science in traditional elementary schools, and, even more worrying, an increasing
resentment to extra-curricular science-related activities. They also compared these
findings with attitudes and motivation among students studying in democratic schools

where the emphasis is on a student-centred educational experience.

My findings seemed to support the idea that the absence of traditional high-school
science instruction results in high levels of interest in science persisting through high

school.

10.3 Implications and future research.
There are four sections here:
10.3.1 Impact of school science on interest in scientific issues.
10.3.2 Redefining scientific literacy.
10.3.3 Student feedback.
10.3.4 Critical thinking and open-mindedness.

10.3.1 Impact of school science on interest in scientific issues.

Acknowledging that the absence of school science teaching does not seem to negatively
impact on interest in science has several implications and casts doubt on the efficacy of
a content-based knowledge driven curriculum. This is an area | would like to do further

research into both at the high school and tertiary level.

If the content-base of school science is to be diminished in preference to creating critical
thinking and engaged students, then the tertiary level of science education needs
redesigning. There is much to be said for an Israeli system that allows and even
encourages students to take science degrees without any formal school-level
qualifications in the subject. Indeed, this is how most students enter science degree
courses in university and colleges. It is possible to teach all the necessary basics within
tertiary education. This would enable school science to be considered as something

other than a stepping stone to tertiary level science studies.

Courses could also be offered in subjects relating to general scientific issues to non-
science students at tertiary level. The content would need to be driven by relevance to

student interest.
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10.3.2 Redefining scientific literacy.

If school science does not impact positively on attitudes towards science, and it not a
requirement for studying science at a tertiary institution, then perhaps school science
can assume a different role. This is problematic because the vested interests of the high-
school science teaching community, and that of the ministry of education, (in all
countries), make this a difficult area to introduce radical changes. It even makes it a
problematic area to make the subject of research. Redefining scientific literacy
suggests that school science should not be knowledge-based but should be seen as an
opportunity to maintain curiosity in the field. And perhaps should aim at developing

broad critical thinking skills needed for meaningful reciprocal discussion.

10.3.3 Student feedback.

There is much to recommend that monitoring student attitudes to content and teaching
should be integrated into all courses. The concept of a student-teacher partnership in
constructing curricula and defining learning goals is of fundamental importance. The
petek could become a useful way of garnering student response to their study

programmes and class activities.

10.3.4 Critical thinking and open-mindedness.

Devil's advocate seems to offer a simple way of helping students develop both critical
thinking and respect for an opposing opinion. It would need further research to verify its
value in other settings. Within this activity the need to be able to evaluate information
on the internet is essential. In our contemporary society this could be integrated within
school teaching. The internet moves fast and teachers in all subjects need to be able to
keep up with developments online so that they can use them with their students. Ideally
there should be a website, perhaps maintained by the Ministry of Education, to facilitate

teachers and students doing research on the internet.

I am now preparing a unit for a new bagrut in English, entitled ‘Debate and

International Communication’. My method for developing counter arguments will be
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used within this curriculum, and will form a classroom project. There will also be a

module (which I am writing) on using the internet for research.

10.4 Limitations of research design

There are several aspects of my research design that need to be examined because they
directly affect the information I collected. | have considered the design under four
headings.

a) Selecting the study population

b) The research tools | used.

¢) The research tools I didn’t use.

d) How the design of future research could be improved.

a) Selecting the study population

This has been dealt with in section 9.2, p.194, but | would like to summarise it here. |
chose the two top classes | teach at the university mechina. | selected ptor students, who
already had an exemption in English, because | wanted to have students who felt
comfortable in working in the three modalities: writing, reading, and speaking. The
essays they wrote for me at the beginning of the semester demonstrated their command
of English. I chose one class on the science track and one on the humanities so that |
could look at differences between them. | saw the same differences between them in the
groups | took in 2009, 2010, and 2011. This internal consistency was important in all
the measures | made of the two groups. It does add some value to my findings knowing
that the levels of interest of the students etc. were so similar across different cohorts in
each year. This stability of measurements across different cohorts does indicate that

research across several years might allow for useful comparisons.

I did consider that my university mechina students might be an exceptional population
because of their motivation to study for a year at a mechina. This was the reason that in
the first year of my action research I included two other classes in much of the
reconnaissance | did. These two extra class were in a regular college of engineering,
which has minimal entrance requirements. And these college students were already
starting a degree course so they represented a more typical Israeli student population.
They shared with the mechina students the fact that they, like the vast majority of Israeli

students, have received little science education at school.
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The results from the mechina students were comparable to the results from the college
students, showing that my mechina students could possibly be considered as
representative of a wider student population.

b) The research tools | used

| used questionnaires to gather data about sex, level of school science education, interest
in specific SSIs, and general level of interest in popular science and technology articles
in the media. Levels of interest were indicated on a 3-point Likert scale and were then
computed using a standard algorithm to give a single weighted value for each student;
this process allowed class averages to be computed for the Index of Interest and
Attentiveness.

The first year of this action research, 2009, was viewed as an opportunity to pilot the
questionnaire and make sure that it didn’t take the students more than 10 minutes to
complete, and that the questions were easily understood. In the three years | used this
questionnaire (with about 200 students) no question was ever left unanswered and no

student asked for clarification of meaning.

Single open-ended questions were also given to students to get their views on a wide

range of topics including attitudes to astrology and qualities of a good teacher.

A standardised multiple choice question, a VOSTS, was given to ascertain to what
extent students feel they should be part of decision-making in an SSI.  This was a long
question that took a lot of concentrated reading. | used it in one year and got sufficient

data from two classes.

I also used the petek extensively to get a snapshot of my students’ opinions on a wide
range of classroom activities. This method is described by McKernan (1996, p.134) as
a projective technique, and enables students to record in their own words a response to a
single question. For example, | used it to discover if students enjoyed working in pairs,
and in recording what they thought they gained from the intervention/project.

The peteks were coded and analysed. It became my main source of student feedback on
the project. It was important not only for the views expressed by the students but it also

made them reflect on the process of the project and what they had gained from it. This
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reflection can be seen as a metacognitive process that reinforces the actual experience
and helps them integrate the practice within their thinking (this is difficult to
demonstrate, but further research could attempt to do it).

It takes a great deal of time to code and analyse, and to ensure that | had done the
coding carefully I repeated it a year later. Ideally | would have liked someone else who
knew nothing about my project to do the coding and analysis, but there wasn’t anyone

to call upon.

All the research data collected was anonymous. This was very important because of the
influence of the teacher-student power relationship. | deal with this in more detail in the

following section on ‘the research tools I didn’t use’.

c¢) The research tools I didn’t use.

At the beginning of the semester and during the semester | repeatedly explained to my
students that my policy was to give a class grade of 100%. This was particularly easy to
do with the top classes who had a high level of language proficiency and were generally
conscientious students. | wanted to try and diminish one aspect of the teacher-student
power relationship. I didn’t want them to see me as the purveyor of grades. However,
the fact that they kept asking about their class grade throughout the semester meant they
found this idea difficult to grasp. And their attitude towards me within a focus group,
and in the few semi-structured interviews | set up, made me realise that the students felt
themselves embedded within a power hierarchy that placed me in a position of
authority, and someone to please.

| had assumed at the outset of my action research that | would be using structured and
semi-structured interviews, and focus groups. At the start of the preliminary
reconnaissance in 2009 I set up two focus groups at the university mechina, one from
each of the two ptor classes that were part of this study. In each class I asked for around
five students to volunteer to be part of a focus where we would meet perhaps once in
two weeks and discuss, for about 15 minutes, different aspect of the course | was
teaching, from course content to homework. | explained that this was being doing in the
context of my doctoral studies, and | briefly described what action research was.

Five students volunteered in each class.
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Asking for volunteers is in itself a process that brings forward the boldest, most
vociferous students. The occasions on which we met was completely unrewarding. All
questions received only brief positive answers, and they spoke with one voice. There
was nothing engaging or authentic about this experience. It was clear that they thought
of their future as being in my hands. This might be a different experience if the person
interviewing or facilitating a focus group was not the teacher who marked their exams.
It would have been interesting if | could have absented myself from these sessions and

got someone else to chair them. This was not a possibility.

Other research tools | would have liked to use would have been videoing the class, but |
was told that this would not be acceptable to the university, even if videoed from the
back of the room so that students remained unidentifiable. When | asked about audio
recording classes, I was told by department head “it is not something we do”, and I was
also informed that students would regard it as unacceptable because they would feel it
was not anonymous when voices could be easily identified. It would cause student

discomfort in the classroom and was not something that should be done.

I suspect that with the ubiquity of modern cell phones, students will become less
sensitive about being recorded. It is perhaps worth noting that unlike the UK, security
cameras in a civilian setting are extremely rare and are never placed on university
campuses. This might in part explain the reluctance to allow recording in the
classroom. Furthermore, unlike schools, recording of teachers in universities and
colleges never take place as part of professional development. | think the reluctance of
my department to allow recording is because university teachers regard their classroom
as sacrosanct. If I am allowed to record in my classroom would that establish a
precedent that would allow university authorities to encourage classroom recording.
My fellow teachers were extremely unhappy that I should pursue the possibility of
carrying out a recording in my classroom.

It should perhaps also be noted that observation of university teachers, by the head of
department, is very rare — only for new teachers in their first semester of teaching will
they be observed on one or two occasions. Veteran teachers are never observed. And

no teacher ever enters another teacher’s classroom to watch their teaching.
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10.5 Application of my research

There are three ways in which | have been able to apply my action research.

Firstly, I have initiated a research project, in the faculty of humanities in the university
where | teach, that is based on the methods and methodology of action research. All
first year students in the faculty get a course in writing essays in Hebrew. Some of the
material has been transferred from being taught classes to three online PowerPoint
presentations. This move to online courses is widespread move among universities in
Israel, it enables them to save money by reducing the number of teachers. In none of
these new online courses has there been any attempt to evaluate the student experience
of using them. | have developed questionnaires to get feedback from the staff and
students. Focus groups will be set up to discuss the course content, with the facilitator

coming from outside the department.

We have already got over hundred and fifty questionnaires from the first cycle. And are
now designing another stage of the research for next semester — this will hopefully

include focus groups to discuss the content of the presentations.

The second way that my experience of action research is being introduced more widely
is by encouraging colleagues to gather feedback from students through the use of the
petek. |1 am also hopeful to get the use of the petek included within teaching training
programs for school teachers, so that they will be able to use it in their classrooms. This
IS one way to encourage more teachers to participate in the reflective processes
associated with action research.

The third application of my research is at the Ministry of Education, where a new
English bagrut is being developed, which | have been closely involved in. It has several
modules that relate to critical thinking skills and my devil’s advocate will be one of
them.

I have also begun to initiate my devil’s advocate project in other institutions of tertiary

learning in Israel.
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10.6 Closing remarks
My introductory chapter opens with the first stanzas of Yehuda Amichai's poem From
the Place Where We are Right. His words are haunting:

From the place where we are right
flowers will never grow
in the spring.

The place where we are right
is hard and trampled
like a yard.

This action research project has made me forever re-evaluate whenever | feel 1 am right,

I hope it will do the same for my students.
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APPENDIX B

Essays on sources on influence.

Extracts from essays in response to my suggestion that my students write about a book,
a person or an event that influenced them/changed their lives.

A. Influence of people

AL. 7m0 seecks ago / stapted leapning at the University. At the beginning
everything ras nese to me..But as the time past by / felt / belong and met
great people. During the last weckend / stayed at the dopmitory with two
nent friends [ made, [t was a great experience, we kept the shabat. The
GIMs wepe so nspiring, their faith was so strong and genuine.../ never
thought about prayers. They made me think about my life. /t is strange
hore people that share the same goals have such a different point of viese. /
knone that / am young and / am exposed to nese things, But these gims
really amazed me. And who knows maybe it is a totally new beginning.

A2, Something that influcnced on my lige is my mom...6 months ago my
mom discovered that she has cancer..She was hospitalized for 3 months. /
used to sct next o her everyday. [/ didn’t go to school because / wasn’t able
to function.../ used to pray for hey every morning.  The doctor didn’t give
her a chance to live. /n a conversation / had 1with hey doctor, / remember
him looking into my cyes and saying that my mom is about to die. After
fene nweeeks, my mom happened a miracle and she started getting better
against all the chances.

/ think it made me stronger../ became mopre mature and responsible. / can
face every obstacte,

A3. Bcing a minority kid didn’t afffect him at all, unlike myself my
cousin didn’t let angyone bping him dosen, he always stayed focused on his
target, not letting anyone stand in front of it. So due to his great effforts
and his great determination, my cousin became the first military Druze
pilot. My cousin helped me in plenty of ways...8o /e decided that / should
more along nwith this and stapt helping those whom need any kind of
support, hoping it will help them do the best they can, it's what / call
“returning the faror’”

A4, The person who had the biggest influence on me (s my councler for
the last three years Limor X, Limoy (s the councler of a program called
“Ofek”, this program (s about helping ethiopian children to be successful in
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thedr high-sehool...she also helped me in my personal life. She was the one
that hefped me believe in my self ...

AbL. / mwas about 9 years when in the first time in my lige / sam a real
long ran competition in the Olympic games.../n that competition Ade Garrel
Selase, an Ethiopian runner, won the first place...A lot of people might
think that / like Adle . Selase because he (s from Ethiopia, like me, this
mght be one of the reasons but definitely not the only one.../ like he gives
Jight untdl the end and don’t give ap in the middle, Another reason (s
although he (s from a pooy country like Ethiopia he still find the time and
the porces to move on 1with his dream.

AB. ...Erer since 1 was a child, / looked up at my brother for support, for
guldance and as a role model, till this very day.

Shmuel as always been decisive and strong minded, he overcame a lot in his
life, from the long journcy to fspacl o the iyury he saffered in 2004 in
Gaza, while serving in the apmy, which resalted in the doctors remore his
IGht leg beneath the knee...this (s why / want to be a combat doctor and
help soldiers in the front line.../ come from a famiy of sarvivers and /
strive for victory.

AT. ..My “hero” was Franklin O. Rooserelt.../ learned about Rooserelt
duping my 7th grade studics and since then he made a great influcnce on
me, His conffidents and his determination have alyways overshelmed me.
Just like he said in one of his speeches; “The only thing me have to fear is
fear itself’ — this goes to shom that this mas a man who fearcd nothing
and / adniipe him for that.

B. Influenced by an event

Bl. /¢ may sound weird but the thing that changed my life is not a book
or a person, (¢ (s a television channel that made me realize what / want to
do when / grome ap,  This channel called “Reality 7V” and you can’t see (¢
anymore hepe in Ifspacl.  The channel shomed most of the time shows about
doctors.. . Nowe affter 8 years from the discovery channel / still believe nwith
all of my heart that / need to be a doctor, not just a doctor, a surgeon!

B2. / mwas influcnced the most by a pryect called Kdam-Atidim. /ts a
project which gathered all the Ethigpian teenagers mwho have the potentiol
to succeed accopding to thedr grades, The aim of this pryect mas to give us
motivation and to prepare us in the best way o the bagrut exams.../ nas
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proud to be part of this pryect and thanks to it / have the motivation to
Julfill my dream and succeed in life in all aspects,

B3, /n generally, 1 don’t think there mwas a specific thing that influenced
my life in a drastic way. But as a dancey, theye was one dance, that a god
friend chopcographed which affected by may of thinking about the form of
dancing. / always thought that a good dance should be performed while
using all the stage but when / first san my good friend’s dace / pealized
that my way of thinking ras srong. She danced in a small cipele, 1which
means (n the dance language — dancing inside yourself...As a resalt of this
change, / am able to choreograph better, and express my feeling better,
trough dance.

B4. /n oup sehool, the journcy to Poland wasn’t a painfull search after our
lost generations but a peacefull scarch of our jereishness,,...becoming a
better jes... Nothing really touched me but Auschmedtz mas something clse,
you could feel it... We've been to some other places after Auschreitz, some
weepe more special and some were more painfall but there mwas nothing Uike
Auschreitz!! When e got home, smweet sweet home, Israel, we landed and
weent Strght to the capital, to pray. 1 didn’t care, / couldn’t concentrate,
all 1 wanted to do is get to Netanya and go to my sister’s kinder-garden
and give her a big kiss!

C. Influenced by something read

C1. 1§ / should explore my past, searching for a special apticle op book that
/'ve read, thepe (s definitely a distinetive one which has changed my life:
(s part of a book “Here goes nothing” by Udi Miron, The book, generally
speaking, (s about a man swho spontancously decided to go on a_jorncy,
exploring his mom's life...before she immigrated to Ispael when lived in
Polin and France duping World Way 2... ke realized he (s not just thegr kid
who was born here and greme ap in a kibbatz in the north — they are the
same. They have the same legacy and parpose.  This part has changed my
life because it made me pealize that /m part of them too — part of that
legacy — to live develop and love this Country. This book has made me
patriotic and made me realize, I'm in the rght place.,

C2. “Little momen” mas one of the first book / read, 1t was my first
expose to the word of reading and / could not stope from there... When /
read the story / felt gudlty for thinking moncy got a main part of our life
and se won’t be able to manage swithout it. [/ was wprong. Those four
Uttle momen’ tought me that if you supround by love, laughter, happyness,
it means you need nothing moye.
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C3. ... “In the Beginning” by Meir Shaley explors the different beginnings
and idlluminats them... The book changed my perspective about the stories in
bible and created guestions in my mind... All these guestions made me look
at the stopies from the bible in a epiticizing and guestioning may. The
stordes ape mope than just stores, but full with feelings...

CA4. Coraline is a fantasy/horror novel... This book influences me because it
makes me wondey if there is another word where my parents, brothers,
and friends behare diffferently than they beare in the word we knos,
Farthermore, it (s nice to think about a place where there are no swars,
cconomice problems, or malignant discase...

CS. 7he Bible, in my opinion is the greatest and the most important book
of all times.. Although / am not a great believer in god it can be scen that
all of its storys pslams and lans been mpitten in parsact for a better
soclety.

C6. “A person looks for the meaning of life’ by Or. Vietor Frankle, a
holocaust sarvivor, He rpote abouat his experience in the concentration camp
n Poland..Dr. V. Frankle reveals the mays of coping mwhen a person exists
i a difficalt situation, He claims that @t doesn’t matter where and in
what situation you are  Just be optimistic, think about the best
expertences that you had in the past.

The book really influenced on me, Since / read this book / started to look
to my life in another nay.

CT7. The book that had a mgjor influence on me is “Cateh 22°.. The book
made me pealize that we shoald always eriticize the systems ne most
respect and take for granted ...

C8. “The Princess mho Believed in Fairy Tales’ by Marcia Grad, The book
changed my way of thinking and my aspect of lige...the book made me
realize that we don’t need to believe in fairy tales, we must believe in
oupselyes,

C9. One of the most influential poems that / have ever read was “what
/'ve done’ repitten by Rock band Linkin Dark. The song talks about long
term (ssues that remain ansolved and encoupage people to finally face those
problems once and for always.

2 years ago, / gained 30 pounds within 6 months ...Reading the poem lyrics
nmotivated me to look forward and start at the beginning of a new life. /
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stapted working out, cat healthy and by doing so /ve managed to achiere
40 poand nedtiose,

C10. 7%e book “A Trampet in the Wadi” has a big influence on my life.
Since / read this book, my point of vies had changed, / think that Alex's
death swhich happened because of the Arab and fspacli conflict in oup
country, comes to teach us how to live life...seithout thinking of mhat
people say about us. Anothey lesson that / leapned from this book is that
the exteplior appearance of people op theip cthnic group isn’t important. The
most important thing is the personality of the person,

/My note: on the top of the page the student had written the Aramaic
abbreviation ‘beit-samech-dalet’, meaning ‘with the help of heaven’. Only
done by very orthodox Jews,/

C11. Arie Arners, a journalist in the /spacli news-paper Vediot-Acharonot”
npote a biography book about David Levi. David Levi és an [fspacli politician
who nas born in Mopocco and emigrated to fspael in 7967, age 20... When
they got to fspael they located in a small torwn...nmhere there was nothing
but tents...David Levi, a construction mworker, ...became a member of the
“Knesset” ...and also a member in the lspacli government- as a Deputy
prime Minister, Minister of Foreign Affais...

/ leapned that {f you want something in your lie its only in youy hands, if
you really want something you should work hard — but in the end you will
succeed...

C12. My first Apticle that really influcnce me, dep inside, was “/ hare a
dream’ from Dr. Maptin Lather King.../ think this article swill be my soupce
of inspiration for ever, because every time / feel weak op distupbed / go
back to the apticle to fill my soul with inspiration.

C13. Abshalom Signal is a book about the efforts and the ideology of the
first pioncers who came to Ispacl to settle it...Duping the last year / had
dilemmas about my futures in life and the army. After / read that book
my dilemas disappeared because the hero of the book mas actually an
agronomist and not a combat soldicy.../ andeystand that / can make a
change ...as a selentist.

C14. .../ hare chosen White Fang by Jack London... Through Fangs story e
learn abouat haman cruelty, compassion and treatment to animals in a way
that totally changed my beliefs and perspectives and made me like animals,
appreciate and protect them.
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C15. / mant to tell about the book of Pan Brown The devined code... The
story teach us that family (s the important thing in the world../ leapn to
upriceiate mope the thing that my famiy do for me.

C16. “The Last Lecture” by Randy Pausch...Randy rords reached me on a
more personal level than nay other book / have ever read, A dying man
final view of life, a true cleay headed mind, [ learn the important lesson
off appreciating every gift and opportunity life trome af us, As Randy said
“We cannot change the capds we are dealt, just how swe play the hand”.

C17. My love tomard books began mwhen / mwas in the 6th grade. My mom
took me to one of the local library. There betyween the dusty shelfs / had
Jound the book that stapted my passion torards books, Harry Pottey and
the Gradl of fire. It took me two months to finish the book...Harry Potter
changed my life and /'m glad it did,

C18. 7 don’t read many books, but this book really changed my perspective
of life. The book called “The Secret” ... The rpiter says...qf you mant
something so bad, the aniverse will do anything to give you what you
want...! must say / didn’t believe in it so much, but after sometime, / san
/ 9ot all the thing that / have asked for.
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APPENDIX C
Why the mechina?
Excerpts from some of the short essays written in response to the question “Why did
you decide to come to the mechina?”

1. / needed to improve my leapning skills.

2. / went to a school that didn’t prepare its students for bagrut.../ began to suffer
with serious depression,

3. After the army / stapted to ask myself what / want to do...

A. ... not high enough grades for medical school

5. ...affter the army / had no real clue on what / want from myself

6. 20 get study skills to prepare me for academic lige.

1.1 am hepe to push myself as far as / can.,

8. it is a new chance

0. After the army / wondered long and hard what to db,

10. 70 erase my past as a mischievous high school student

11. at school 1 didn’t think about study

12. study in the Mechina involves a lot of sacrifice

13. my best chance to get into aniversity

14. / haven’t study for three years

15. / need to make wp for my grades at high school

16. For the last two years /'ve been thinking what to with my life.../ mant to help
improve the lives of other pegple .../ hope this year you will help me find the best way
to do /1.

Most students also refer to the reputation of the University Mechina as the best in the
country with ‘the best teachers’. Also many students mention that they need to improve
their grades to get into medical school.
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APPENDIX D
Sample Projects



241

1, Topic of choice - background
The development of astificial intelligence (AT) & it's usage in fields, which involve human
decision-malciag, is growing ever more prevalent. Whether in medicine, edueation, finance or
cver: military operations, Al systems are becoming more and more ubiquitous- hidden away in
the inner-workings of many of the aspects of moders lifs and “assisting” professionals to make
practical & sometimes even ethical decisions. Some of the current implications of Al systems
(such as in medicing) are unarguably positive & helpfl. Yet, as with many other technological
advances, acquiring the ability to use AT systems in positive ways, has led to the acquired ability
10 use Al systerms in more calamious ways. Moreover, some would argue that seme arcas of
human decision-making are best left for humans. I other words, since computer soft-wares
cannot be held accountable for the loss of human tives, they should nof be placed with the
responsibility for human lives. The question that arises s, whefher the positive development &
usage of Al systems should be permitied to continue, or perhaps stopped immediately in-order fo
avoid the negative consequences.

2, Personal opinion
My ovm opision is, that concerning the potential misuse of Al systems, being developed today,
in the near fufure, two facts stand above all existing uncertainty:

4 As with all types of technological development, attempting to predict the possible future
implications of AT systems, currently imder development, is but mese guesswork. Therefore,
aftempting to prevent such possible acourrences from taking place, is an exercise in futility.
Proof to this claim ean be found throughout the course of humen history (more evidently,
though, over the past three hundred years — since the beginning of the industrial age). It
seems that morality & ethics have never been able to meintain proper contrel of humanity's
use of technology.

A There is a very likely possibility of this technology being used in the fusture by ammits, in
order to bring hatm to human (perhaps even civilian) lives on an inconceivable scale. This, I
befieve, cannot bs compensated by any potential gain in the field of finances or fogistics.

1 therefore believe that the ongoing research & development of practical Al systems must be put o 2
halt, for the sake of future Tives. The stakes are simply too high.

3, counter-arguments

A, Computing machinery and morality
By: Whithy, Blay. Al & Society, Apr2008, VoL 22 Jssus 4, ps51-563.

Abstract:

Artificial Intelligence is a technology widely used to support human decision-making. Curent
areas of application include financial services, engineering, and mapagement. A mumber of
attempts to infroduce Al decision suppart systems info areas which rmore obviously include
moral judgment have been made. These include systems that give advice on palieat care, en
soeial benefit entiflement, and even ethical advice for medical professionals, Responding to
these developments raises a complox set of moral questions. This paper proposes & clearer
seplacement question to them. The replacement question asks under what circumstances, if any,
people would accept a moral judgement made by some sort of maching. Since, it is argued, the
answer to this replacement question is positive, urgent practical moral problems are raised.
Point of relevance:

The suthor argues thet it is possible to underline the areas in which Al should not be aceepted as
amoral judge, thus preventing its unintended misuse.

B. Lethality and autonomous robots: an ethical siance
Akir, R.C,; Mosnlina, L.; Technology and Society, Las Vegas, NV; June 2007

Abstract:
. This paper addresses u difficult issue confronting the designers of intelligent robotic systems:

their potential use of lethality in warfare. As part of an ARO-funded study, we are currently
investigating the points of view of verious demographie groups, including researchers,
regarding this issue, as well s developing methods to engineer ethical safeguards into their use
in the battlefeld.

Point of relevance:

This article suggests that developing ethical safeguards for fhe use of Al systoms is not only
possible, it is an ever-growing ficld of resenrch among reseaschers and designers of intelligent
robotic systems.
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Subject of project: the benefits of nuclear energy.

Our opinion; nuclear energy is "environment friendly" and the process of producing it
is cheaper than producing fossil-fuel energy. Furthermore, constructing the plant itself
is cheaper.

Devil's advocate:
Opinion no. 1

Although nuclear energy provides a substantial source of power, it bears some great
dangers, such as an accident in a nuclear reactor. "When the whole system or an
individual component of a nuclear power plant causes the reactor core io
malfunction, it is known as a ruclear meltdown. This occurs most commonly when the
sealed nuclear fisel assemblies that house the radioactive materials begin to overheat
and melt, If the meltdown becomes too severe, the radioactive elements within the
core can be released into the atmosphere and around the area of the power plant.
These radioactive materials are highly toxic to all organic life."

URL address: Dangers of Nuclear Power Plants | eHow.com
http:/fwrvrw.ehow.com/about_4759852_dangers-nuclear-power-
plants html#ixzz1h4WGnBQ4. Date of access: 20/12/11

Opinion no. 2

Another problem associated to nuclear power plants, is dealing with nuclear waste
disposal: - "Nuclear power is not a clean energy source: it produces both low and high-fevel
radioactive waste that remains dangerous for several hundred thousand years. Generated
throughout all ports of the fuel cycle, this waste poses a serious danger to human heatth.
Currently, over 2,000 metric tons of high-level radioactive waste and 12 mitlion cubic feet of
low level radioactive waste are produced annually by the 103 operating reactors in the
United States. No country in the world has found a solution for this waste. Building new
nuclear plants would mean the production of much mare of this dangerous waste with
nowhere for it to go."

URL address:
http://debatepedia.idebate. org/en/index php/Argument:_Nuclear energy_ produces da

el et

ngerdus' radioactive waste. Date of access: 20/12/11
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QOpinion no. 3 — academic source

In her piece, the author blames the International Atomic Energy Agency (IAEA)
along with the World Health Organization, for covering up the true dimensions of the
Chernobyl nuclear catastrophe, and for not assisting the surrounding populations that
affected, which was much larger than reported. She also expresses her opinion on the
use of nuclear reactors for energy generating purposes.

One of the most relevant paragraphs in the text:

From many points of view, the nuclear establishment was extraordinarily lucky that
the inevitable, major accident happened in the USSR. Not only was it able 1o claim
(falsely) that such a catastrophe could never happen in the Wes, but the collapse of
communism provided a convenient explanation for subsequent increases in health
problems, with the destruction of health services and deterioration

in social welfare. These have indeed produced a health crisis and an unprecedented
fall in life expectancy, which puts the nuclear powers in the uncomfortable position of
indicting either the savage capitalism imposed on populations after 1989 or
radioactive contamination from Chernobyl.

Fortunately, they have been able to roll out the usual suspecis: ihe victims themselves,
who indulge in radiophobia, irresponsible behavior, apathy, and even parasitism (or
state assistance), though it is conceded that social and economic faciors have been
unfavorable. It is, of course, entirely possible to separate out and conirol for these
Jactors, as independent researchers have done in studies comparing the health of
populations in ferritories with high, medium, and low contamination. The latest UN.
action plan for Chernobyl cynically qualifies the nuclear disaster as a “low-dose
event,” thus reproducing two lies: the harmlessness of low-dose radiation and the
very small mimber of viciims. Problems ave qualified as psychological, as populations
have lapsed into apathy, helplessness, and “dependency syndrome” (57},

The full text can be found here:

hitp.fwww.swetswise.com/Full TextProxy/swproxy 2url=hiip%34 %2F%2Fbaywood.m
etapress.com%2Flink. asp%3Ftarget%3Deontribution%s26id%3DKS55H82489M 1733
0&ts=1324377573831&cs=3229511118 &userName=4421.ipdireci&emCondld=442
1 &articlelD=154345171&vevolD=23164449 &titleID=103867 &referer=2&remoteAd
dr=132.64.209. 70&host Type =PRO &swsSessionld=+gXDOICIOw0fiQletPGxg__.pas.
c2

Reference:

Auther: Katz, Alison Rosamund

Title: Heaith consequences of Chernobyl: the New York academy Of Sciences
publishes an antidote to the nuclear establishment's pseudo-science

Name of the journal: INTERNATIONAL JOURNAL OF HEALTH SERVICES
Volume; 40

Issue: 4, published in 2010

Pages: 679-698
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Our opinion: We believe that Artificial Intelligence and Artificial Consciousness are

plausible .

Sources that support the opposite opinion:

1

Title: Why not Artificial Consciousness or Thought?

Author: Richard H. Schlagel

Journal: Minds and Machines

Volume number: volume 9, number 1.

Pages: 3-28

Publisher: Springer Netherlands

Date: February 1999

Abstract: .

The purpose of this article is to show why consciousness and thought are not
manifested in digital computers. Analyzing the rationale for claiming that the
formal manipulation of physical symbols in Turing machines would emulate
human thought, the article attempts to show why this proved false. This is
because the reinterpretation of ’designation’ and ‘meaning’ to accommodate
physical symbol manipulation eliminated their crucial functions in human
discourse. Words have denotations and intensional meanings because the brain
transforms the physical stimuli received from the microworld into a
qualitative, macroscopic Tepresentation for consciousness. Lacking this
capacity as programmed machines, computers have no representations for
their symbols to designate and mean. Unlike human beings 1 which
consciousness and thought, with their inherent content, have emerged because
of their organic natures, serial processing computers or parallel distributed
processing systems, as programmed electrical machines, lack these causal
capacities.

Title: Intelligence in Computers
Author: Andrea Meibos
URL: http://qirien.icecavern.net/punkus/school/ai2 htm

Title: ATis possible... but Al won't happen: The future of Artificial
Intelligence

Author: Mark Humphrys

URL: http://www.computing.deu.ie/~humphrysimewsci.html

Reference: talk given at the "Next Generation" symposiin, the "Science and
the Human Dimension" series, Jesus College, Cambridge. The proceedings
were formerly on the New Scientist web site. The talk was republished in Neo
magazine, June 1998,
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APPENDIX E
SAMPLE PETEKS

(Two per page, placed horizontally next to each other).
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