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Those who explore an unknown world are travelers without a'map; the map is the
result of lhe exploration. The position of their desllnallon in not known to lhem and_

the dlreel path that leads to it is not yet made.

- Hideki Yukawa, Japanese physicist
Cited _in Ro_bert Crease and Charles Mann,
The Second Creation, 1986

One thmg | have learned in a long life: that all our science, measured against reallty,

i prlmmve and chlldllke and yét it is the most precious thmg we have, .

- ‘Albert Einstein _
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ABSTRACT

" Biotechnology is one of the rnnsl rapidly growing industries of ihe.2 i* Century and
governments wo_rldwiﬁe have invested sign.if.'lcénl funds to support resclaréh and |
development in this area. The belief that the commercialisation of biotechnology will
offer sign'i.{'lcant social and economic benefits to the communities investing in this |
industry, however, is not a universatly accepted view. Snrveys of zit{iiudes {owards
biotechnology in a number of countries have indicated that there are widespread
concerns about the risks presented by the industry and the application 61'

biotechnology products (Smith, 2001). -

These public concerns have resulted in a stronger focus being placed on the
mechanisms by which biotechnology is com_muniéatcd with non-scientists (Gregory,
2003). In particular, improving the level of scientists’ participation in public -
engagement has been afforded high priority (FASTS, 1999). Yet despite increasing
calls for scir.:.ntists 1o become more involved in this area, the perception thal scientists
are unwil!ing or unable to nommuniéate persisls (S_tqcklmiiyer, Gore, & Bryant,
2001). In response, the provision of quality science communicﬁlion training for
sciemists_%ind' sc_:ience students has been recommended (Royai Society, 2006b). This
training should provide a fundamental support for improving scientists’ ability to act

as civic sciensists by engaging_ with the public.

Using an Au_stralian biotechn"olo'gy degrée program as a case study, this doctoral -
study examines how biotechnology education at the tertiary univefsity level prepares
~ science graduates for a civic science role. Qualitative and quantitative data were
generated {rom 343 questionnaires and 36 interviews of key sfakéholders in the
chosen bio_tcch'nology program, including undergraduate and doctofal sl.u'dents,' _
tecturers, postgraduate supervisors, and early-career biotechnologists recently
graduated from the program. Additional interview data were also obtained from 10

science communicators and science communication lecturers.



The results of this study show that the .cur'rent state of science communicalidn
training for the tertiary bxotechnology students in the case needs to be 1mproved Few

- ofthe students felt their dcgree program prowded them wlth any i‘orm of science |
communication training, let alone Irammg in how to engage audiences broader than
their peers. Many of the students were unaware of the communication skills training
available to the_m; and few of the lecturers were able to identify where
communication skills are taught within the program. While most of the interviewees
supported the inclusion of science communication training within the biotechnology .
program, many of the lecturers were able to idenﬁfy signiﬁcanf barriers to the
provision of this training, including a perceived lack of interest in science
commumcatlon training by the students, From the follow-up interviews with the
students, it was cwdent that many do not value either communlcallon with non-
scientists or science communication training. On the whole, the stakeholders in the
case were pes:siniis'tic about the likelihood of inclusion of science communication

training within the science curriculum in the short term.

This study ofa biotechnology pfogram indicates that science comniunication training
at the j..ertiary university level should aim ld redress students’ limited understanding
of science communication and may need to be mandated through the inclusion of -
compulsory, assessed material in this area. Suppbﬂ for the delivery of science

- communication training, including the provision of accessible teaching materials, is
required and a number of practical constraints for teaching science communication
will need to be overcome. In particular, space _will_n'eed_'to be made for this material
in a curriculum that is already perceived to be overcrowded. Overall, scicnce |
communication training should aim 10 generate scichiists with scientist-to-scientist
communication skills, the generic communication skills required by employers, and

- the civic science skills required for public engagement. But more fundamentaily,

science students and lecturers will necd to appreciate thc aims and significance of

each of these areas of science communication,
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1. INTRODUCTION

1.1 Science and Society

In the preseht global knowledge economy, science is one of the most dynamic
influences shaping society. Surveys of attitudes towards science indicate that society,
as a whole, are supportive of science énd appreciate its value for continuing
¢conomic prosperity and quality of life (Smith, 2001). However, public concerns
about the rate of emergence of new technologies and the ability of governments to
regulate these new developments have generated significant tension between science
and society (House of Lords, 2000). This tension is predicted to increase as the pace

of scientific development accelerates (AAAS, 2007),

The resolution of the tension between science and society is thought to lie with more
. comprehensive public engagement by scientists. Scientists have been charged with a
duty to act as civic scientists by engaging the public in discussion and debate about
the technical, and social and ethical aspects of research (Bodmer, 1985_; House of
Lords, 2000). While scientists acknowledge they should bear the main responsibility
for communicating scientific research to the public (Wellcome Trust/MORI, 2000),
they also acknowledge that their civic science role is often marginalised by
competing time pressures and a lack of training and support in this area (Royal
Society, 2006b). It has been suggested' that a change in the culture of science is
required whereby public engagement becomes an integral part of the scientific
process itself, supporied by formal acknowledgement of the importance of public
engagement and the provision of time, training and reward for these activities
{(Wellcome Trust/MORI, 2000).

In recognition that science communication training for scientists and tertiary science
students could be an integral means of promoting public engagement, a number of
science communication training courses have been developed for scientists. Evidence

suggests, however, that the uptake of these courses is not widespread amongst



scientists (Wellcome Trust/MORI, 2000). As tertiary science degree programs form
the foundation of the science sector by providing a pipeline of university graduates
entering into the pfo fession, it has been proposed that formal science communication
training be ihtroduced at this early stage of career development (Royal Society,
2006b). This may enable scienice students entering into mainstream research areas to

begin their careers as willing and able civic scientists,

While a number of universities in Australia and other countries offer science
communication courses and programs, there has been no systematic analysis of
science communication training for science students in Australia to date. It is not
“known how science education at the tertiary level prepares science graduates for a
civic science role, what the stakeholders in tertiary science education think about the
inclusion of science communication training in undergraduate and postgraduate
science programs, and what these stakeholders expect the outcomes of this training

to be.

1.2 Research Aims

This aim of this doctoral study is to examine how biotechnology education at the
tertiary level prepares science graduates for a civic science role. U.sing a
biotechnology program as a case study, the state of science communication tfaining
within _this tertiary program is examined, the stakeholders’ views of science
communication and science communication training are deécribed, and the factors
that facilitate or inhibit the provision of this training are explored. Through the
examination of science communication and science communication training within
~ this case, a series of recommendations will be generated for the provision of best-
practice science communication training within this biotechnology program. It is
anticipated these evidence-based recommendations may be useful for other tertiary
biotechnology programs that have yet to integrate science communication training

into their science curriculum,



This case study centres on a biotechnology program because this field of science is
seen as one of the emergent technologies of the century (NSF)DOC, 2002) and may
serve as a useful model for other emerging technologies. In addition, biotechnology
is a highly contentious and controversial aréa of science and there is a perceived need
for biotechnologists who are capable of communicating the technical, social and
ethical complexities of this discipline (Gregory, 2003). Thus the recommendations
generated {rom this study may be useful for any field where technological
controversy exists énd public engagement needs to be improved. The specific
biotechnology program selected for this case study was chosen because it was
accessible to the researcher, but also because she had previously taught in the
program and was familiar with the structure of the university offering the program,

the program itself, and the staff teaching in the program.

1.3 Conceptual Framework

The conceptual framework underpinning this doctoral study was adapted from Godin
and Gingras® (2000) Multidimensional Model of Scientific and Technolagicaf
Culture which was developed to define scientific culture and how it can be
measured. Godin and Gingras (2000) argue that historically, scientific culture has
been represented as eiiher one of two basic models (Figure 1). The first mode!
présenls science as a sphere that is independent, and often in opposition to, the
sphere of culture (Modei 1}. The second model, which Godin and Gingras (2000) see
as the most common mode! used today, séparates science from culture but allows
some links between the two (Model 2). These links are facilitated by diffusion from

mediators such as science communicators,






There is increasing recognition in the science communication literature of the
importance of repositioning science within society. Haste (2005, p. 5), in the
introductory comments of the British Association’s review of science
communication and public engagement, Connecting Science, suggests that scientific
developments should be viewed from the “widér social context” where the sole
responsibility for the development of science does not lie with scientists.but wherc
scientific issues are addressed by society as a whole. .Major decisions concerning
scicnce in today’s society arc no longer made exclusively from within the sphere of
the scientific community but increasingly in consultation with other social groups,
such as politicians, bureaucrats, industry, non-government organisations, and the |
public (Grcco,. 2002). Communication between scientists and the broader society in

- this consultalive process is seen by Greco (2002, p.1) to be “indispensable”.

Positioning science and technology within the sphere of society, thereby placing
science in context, is a fundamental tenet of constructivism. Pitrelli (2003) stresses
the importance of acknowledging thal social context plays a pivotal role in science
today, and suggests that constructivist views of scicnce communication have been
neglected to the detriment of both science and society. Godin and Gingras’ (2000)
model of scientific culture is clearly in keeping with a constructivist view of science
communication in which science is grounded within culture. A constructivist

paradigri and framework underpins the present doctoral study.

The conceptual framework for the present doctoral study (Figure 3) is based on
Godin and Gingras’ (2000) Multidimensional Model of Scientific and Technological
Culture. A number of minor alterations have been made to the model for the purpose
of this study. The term culture has been replaced by the term society in keeping with
the teﬁninology more commonly used in the United Kingdom {UK) and Australia.
As this case study is of a biotechnology program, the science and technology. sphere
has been replaced by a biotechnology sphere. (While the science and technology
sphere is no longer explicitly represented in this framework model, this sphere still
exists implicitly as a larger sphere in which the biotechnology sphere is located).

Two additional components that are central to the present doctoral study — tertiary






biotechnology, tertiary education and science communication (highlighted in red) -
represents the central focus of the present study.

The views of stakeholders from all three spheres represented in the framework are
examined in this case study. From the biotechnology sphere the viewpoints of early-
career biotechnologists are explored and from the science communicalion sphere the
views of science communicators are examined. From the tertiary education sphere

the views of students and lecturers are explo'réd.

As some of the stakeholders interviewed in this case study can be positioned within
two or more spheres of the cbnceptual framework, they provide views informed by
knowledge of more than one sphere of the framework. These stakeholders include a
number of lecturers with backprounds in biotechnology research, and all of the carly-
career biotechnologists who are recent graduates of the biotechnology program. .
These lecturers and early-career biotechnologists represent both the tertiary and
biotechnology spheres. Some of the science communicators interviewed also have
biotechnology backgrounds, and therefore represent both the science communication
and biotechnology sphere. In addition, al! of the sdience communication lecturers
interviewed had training in science communication as well as being tertiary
educators, and two were also scientists prior to lecturing in science communication,
Therefore, their contributions to this study come from a position informed from
knowledge and experience of all three spheres represented in the conceptual

framework.

While the aim of this project is to improve the science communication training and
the civie science capacity of biotechnology students by exploring the intersection of
the three spheres at the cenire of this model, ultimately it is anticipated that this
project may lead to the development of a new generation'of civic scientists better
prepared to constructively engage with the public and address the tension between
science and society. By positioning all three spheres of the conceptual framework

within the overarching sphere of society, this broad objective is also kept in focus.



1.4 Research Questions

The present study asks the stakeholders in the case study to draw on their knowledge
of the spheres represented in the conceptual framework to examine the following

research question:

How can biotechnology education at the tertiary level best prepare biotechnology

graduates for a civic science role?

Three elements of this overarching question are examined more specifically in the

case study. These elements are defined by the following research questions:

I. What is the current status of science communication education for tertiary
biotechnology students in the case?

a. Whal is the level of understanding of science communication amongst
biotechnology students and what is their level of participation in
seience communication training?

b. How well equipped do the doctoral siudents and carly-career
biotechnologists feel to undertake civic science?

c. What is the lecturers’ perception of science communication training in
the degree program?

d. What arc science communicators’ views of the science
communication training that biotechnologists currently receive as part

of their undergraduate and posigraduate degree programs?

2. How may the stakeholders’ views of science communication impact on the
proviéion of civic science training for undergraduate and postgraduate
students in the biotechnology program?

a. What are the stakeholders’ views of the communication of
hiotechnology and biotechnologists’ role in communicating with non-

scientists?



b. How aware are biotechhologists of the approaches they can, and

should, take to science communication?

3. What are the stakeholders® views of science communication training for
undergraduate and postgraduate students in the biotechnology program?
a. What level of importance do the students assign to science
communiéation training?
b. Is science communication training required and how should it be
delivered?
¢. What are the barriers and supports for delivering science

communication training within the biotechnology degree program?

The views of the stakeholders to these research questions, which represent all three
spheres represented in the conceptual framework, will provide a rich description of
the issue which lies at the intersection of these spheres — the éivic science training of
biotechnology students. By exploring and drawing together the views of these
stakeholders to these research questions, it is anticipated this case study will usefully
inform those involved in the development of science communication training for

tertiary biotechnology students.

1.5 Overview of the Thesis

This thesis comprises cight chapters. The literature review is provided in Chapter
Two. This review begins with a brief introduction to science in society and the
proposition that science communication training for biotechnologists may provide
one means of improving the relationship between biotechnology and society. The
introduction is followed by an overview of biotechnology, science communication,
the role of scientists in science communiéati on, and their science communication

~ training. The literature review concludes with consideration of science

communication training {or biotechnology students in the Australian context.



Chapter Three outlines the methods used in the .study. It provides an overview of the
. constructivist paradigm that underpins the present research study, the rationale for
the case study design and a dé_scription of each data gathering technique. The
analysis of the'qtlanti.tative and qualitativé data 'c.)htai'ned from_these instruments is -
also outlined. The s_ection concludes with how this research study has attempted to

- fulfil the constructivist criteria for quality of research design.

" The results of the_study are presented in Chapters Four to Six. Each of these chapters
addresses one the three research questions prcvio.usly indicated. Chapter Four |
addresses the current status of science communication education for tertiary
biqtechnotogy students in the case. Chapter Five examines the stakeholders’ views of
| scierice commuﬁica_t_ion impact on thé provision of civic science training for
'undergraduate and doctoral students in the biotechno logy program. Chapter Six
explores the stékehold_ers’ views of science COmmunichtion and how they impéct on
the provision of civic science training for undergraduate and doctoral students in the
case. The results presented in these chapters are derived from the quantitative data
generated from the questionnaires delivered to the undergraduate _biotechnology
‘students and qualitative data generated from the interviews undertaken with

individuals from all stakeholder groups in the study.

Chapters Seven and Eight provide the discussion and recommendatioh_s stemming.
from the results presented in Chapters Four to Six. Chapter Seven begins with a _ |
summary of these chapters then returns to the conceptual framework ﬁnderpinning
this thesns and discusses the results with respect to this framework. The 1mpltcattons_
of these results for the development of civic scientists through science '
communication training are explored by drawing together the data from each of the
framcw_ork’s spheres. The conceptual framework is.then reconsidered and revised.
Chapter Eight summarises the 'implicatioﬁs of these results and addresses how future

“research in this area may contribute to a better understanding of, and improvement
in, science communication trainiﬁg_._This chaptc'r concludes with a seri_es of

recommendations for the best practice science communication training.

10



.Combined With ongoing research in this area., it is hoped that improving the science

'_commumcauon trammg and the civic science capacity of tertiary bxotechnology
students, and ulti mately 1eruary science students in genera! may lead to the

_ dcvelo_pment of a new generation of civic scientists better prepared to constructively

'.cngage with the iJub_lic. This may place society in'a better position to capitalise on

the strengths of science and technology, andl may place science in a better position to

recognise the importance of public engagement.
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2. LITERATURE REVIEW -

2.1 lﬂtrod_uctioh

The present study examines the science commumcanon education of temary
blotechnology students, and focuses on the mtersection between the spheres of
biotechnology, science communication, and tertiary education. The following
literature review provides an overview of each of these spheres. The review begins
with a brief introd.uction_ to science in society and the proposition that science '
communication training for biotechnologists may provide means of improving the
relationship between biotechriology and society. This is followed by an overview of
biotechnology, science communication, the role of scientists in science
communication, and their science communication training. The chapter concludes
with consideration of science communication training for biotechnology students in

the Australian context.

2.2 Science and Society

Science and tec_hnotlogy" are integral to modern life. With the proposed convergence
of biote_clhnology with nanotechnology, cognitive science and information
technology, science is predicted to have an even greater impact on the lives of future
generations (NSF/DOC, 2002). Surveys of attitudes towards science indicate that the
public, as a whole, are supportive of science and apprecia'te its value for continuing
economic prosperity and quality of life (J. D. Miller, 2004). In contrast to the hig.h
levels of public interest in science, however, elre public conceme about the fate of
emergence of new technologies and the ability of govemments to regulate these new
developments (I-lisscltemoller & Midden, 1999; Quicke, 2001). Biotechnology,
~bovine spongiform encephalopathy {House of Lords, 2000), nuclear power

’ (Hlssehemoller & Midden, 1999), and enwronmental degradatlon {Quicke, 2001), in

particular, have generated significant tension between science and society, This
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tension is predlcted to increase as the pace of smentlﬁc development accelerates
;(AAAS 2007). | |

The UK?S'Select___Commiﬁee on Science and Technology in the Science and Society
Repq__rt (2000:, p 4) describe the current relationship that exists between science and
society ae a relationehip “under strain”, It is suggested in the report (Ho'use of Lords,
2000,p. 7) that: |

There has never been a time when the issues involving science were more
exciting, the public more interested, or the opportunities more épparem. On
the other hand, public confidence in scientific advice to Government has been
rocked by a series of efents, culminating in the BSE [bovine spongiform
encephalopathy] fiasco; and many people are deeply uneasy about the huge
opportunities presented by areas of science mcludmg biotechnology and

- information technology, which seem to be advancing far ahead of their
awarenese and assent. In turn, public unease, mistrust and occasional outright

hostility are breeding a climate of deep anxiety among scientists themselves.

It was also nofed in the Science and Society RepOrt that publ.ic unease may not be
_resoli*ed_unless dialogue between scientists and the public is improved (House of
Lords, 2000}, Eckersley (2001) has also stated that resolution of the. tension between
science and society may not be achieved without a reshapmg of science mVOlvmg

science commumcatlon He suggesls

- Whilst remaining rigorous, science must become intellectually'less arrogant,
culturally better integrated and politically more influential. Science must
.bec_ome more tolerant of other forms of reality, other ways of seeing the
world. It must become less reme;[e frerﬁ public. culture, With a steadier and
feadier flow of influence betWeen the two — in bol_h directions. And it. must
contribute more to setting political agendas ....Science communication has a

:pivotel role in these changes. (p. 88)
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In biotechnology, where rapid advances have generated considerable contrOvefSy and
public cont:em,"improved_ science communication training has been recommended as
a fu.ndamemal support'for improifin'g scientists’ ability to engage with the public
(Clarke,2001), "

_ 2.3, Biotechnology

Biotechnology is defined as “lhe.use of living things in industry, technology,
medicine or agriculture. Biotechnology is used in the production of foods and
medicines, the remoﬁal of wastes and the creation of renewable energy Sources
(Biotechnology Australia, 2006). The term hiotechnology was first used in _191 7bya |
Hungarian engineer called Karl Ereky. Ereky used this term to describe his

integrated process for the large scale farming of pigs using.sugar beet as a food
source {Glick & Pasternak, 1998). From a historical perspective, however, the
scientific discipline of Biotechnology dates back thousands of years pri.or to Ereky’s
first use of the term. Traditional biotechnology began when yeast was first
deliberately used to make bread and ferment beer and vinegar, and bacteria were first

used to make yoghurt and cheese,

The discovery of the structure of deoxyribonucleic acid (DNA) and subsequent
advances in DNA analysis and manipulation transformed biofechnology from a little
known scientific discipline to an exciting _a'nd revolutionafy discipli_oo. Modem
biotechnologists now have the tools to control how l.iving cells and cellular
components perform specific tasks. As a result, a significant number of new products
and methodologies have been developed, including biotechnologies in healthcare,
plant and animal agriculture, food produclion, and environmental teohnology; The _
powerful molecular technologies of biotechnology have moved ihe field to a po.silion_
where is poised to revolutionise both science and global economios'(FASTS, 1999).
Biotechnology has been referred to as the science underpinning the third |

- technological revolution - a revolution that is predicted to result in as significant a
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change to everyday life as the precedmg industrial and computer—based revolutlons
(Abelson, 1998). '

Worldwide, thf' "l.)__i‘otec_hnol'ogy industry is seen as a majoi‘ area of investment and.
ma'n'y gov’ﬁ;mq_ﬁénts _aré funding research and developn_lent to capitalise on the |
:biotechnoloéy revolution. In Jﬁly 2000 the Austrﬁlian Governrient Iaunﬁhed the
_Narionai Biofeéimolog Srra!egy (Bioteéhnology Australia, 2007). The key objective
‘'of this strategy is'to support the nation’s competltlveness in this field and prov1de a
framework for the federal government and key stakeholders to work together to
ensure that developments in biotechnology are captured for the benefit of the
‘Australian community, industry and the environment, while safeguarding human
health and ensuring environmental protection. To date, over A$117 million has been
committed to this strategy (Biotechnology Australia, 2007). Additional '
Commonwealth funds have also been supplied to support Australian biotechnology
programs in the health, agriculture, environment and education portfolios, as well as

state and territory funded programs.

2.3.1 Public Perception of Biotechnology

While the Australian government and the governments of many other countfies see
the commercialiéation of biotechnology to be of benefit for.society and the economy,
not all members of the public share this view. Surveys of the publlc s attitudes
towards blotcchnology in the United States of America (USA) and Europe lndlcate
that biotechnology raises a number of issues for the public, _l_ncludmg the .
unnaturalness of genetic manipulation, levels of acceptablé risk and usefulness of
new products (s_ee Gaskeli et al., 2000; Pries_t, 2000; Smith, 2001),

In Australia it is difficult to bu1ld a comprehensive picture of the public
understandlng and awareness of, and attitudes to, biotechnology. Europe uses the
Eurobarometer (ec.europa.eu/public_opinion/standard_en:.hitm) to measure these

~ qualities at a national level on a regular basis, and the Science and Engineering
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Indicators (www.nsf._gow_’statisticsr‘pubseri.cfm?ToplD?S&Sﬁleﬂ1 &SerilD=2) are
used for this purpose in the USA. Australia has no eqﬁivalent mecharii_sm for
collecting information of this nature. Biotechnology Australia, the fedéral
govémmenf agency réspohsiblé 'for. ménaging the National .B:.'drec‘h.nofdgy Strategy
{in cohjuﬁction_ with its five federal government department pariners), has examined
Australian attitudes to biotechnology in a.serie_s of biannual surveys (Eureka
Stratégic Research, 2005; Millward Brown, 2001, 2003; Yann Campbell Hoare
Wheeler, 1999). These Surveys s_uggés_t the fnaj ority of Australians see the
applications of gene technology as risky. In the 2003 survey (Millward Bfown,
2003), the majority of Australians surveyed expressed at least éomé level of concern
regar_ding the use of gehe technology in .g_e'neral {80%), hnd specifically for human
health applications (76%), and food and agriqulfure applications (79%). Most (56%)
agreed that “only traditional breeding methods should be used to chénge hereditary

characteristics of plants and animals” (p. 22).

In' the most recent survey commissioned by Bibtechﬁology Australia (Eureka
Strategic Research, 2007), 1067 Australians between thé ages of 18 and 75 years
were surveyed to identify changes.'in community. attitudes. towards biotechnology.,
There was no measured imprbvemcnt in knowledge of biotechnology from the
survey from 2005 to 2007, and the majority (87%) expressed the view that gene
‘technology was likely to create “signiﬁcant problems in th'e_:'future'” (p. 13). While
there were more positive peréeptioné of t.hé future impéct of biotechno.lbgy and
increases in support for the use of gene technology in human health, medical
abplications, and food and agriculture, respectively, a large proportion of the
participants still expressed concerns éboul the risks associated with the modification

of plant genes to produce food and the use of géne technology in human transplants.

In using these reiatively small surveys to assess community attitudes towards
biotechnology, Biotechnology Aﬁstralia have been criticised for treat_ing the general
'public in an undifferentiated way, Dietrich and Schibeci (2003, p. 386) state “there is-
no such thing simple thing as an Australian public with monolithic views on gene

~ technology”. Analysis of attitudinal variation in the British public suggests the public
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may be divided into a number of groups according to their views of science:
confident believers, technophiles, supporters, concerned, not sure, and not for me
(OST/Wellcome Trust, 2000). This scheme, however, has also been criticised for
oversimplifying the complex relationship between the public and ﬁcience {Gregory,
2003). Research into the public perception of science is now being.conducted that
acknowledges that the public consi_st of many publics who hold a diverse range of
perspectives about science and technology. F uture research in this area aims to
explore the diversity of factors contributing to scientific attitudes, beliefs and
understanding to provide a greater understanding of what underlies our current
knowledge of acceptability of specific applications of biotechnology, how people use
their values in decision-making, and how attitudes and values aﬁ’e Iﬁanaged
(Weigold, 2001),

Until a better understanding of the underlying reasons behind the public perceptions
of biotechnology are ascertained, negative public perceptions of biotechnology' and
the biotechnology industry are likely 1o continue to pose a number of significant
problems for the industry. Community resistance 1o technological advances have
resulted in the rejection of products outright and the inhibition of research and
development progress through bans and moratoriums. This has been particularly
evident in the genetically modified food industry in Europe, and increasingly in
Australia (Smith, 2001). The peak professional body for the industry in Australia,
AusBiotech, recently acknowledged that uncertainty about adoption of new
biotechnologies by the cdmmunily and regulatory bodies has prevented the
Australian biotechnology sector from realising its [ull potential (Carroll, 2006). Stem
cell and biodiscovery research, and genetically modified crops, in particular, are
areas that have failed to translate from advances in research to economic and social
advantage. A decreased ability to attract secondary students to undergraduate
biotechnology programs in Australia has also been autributed to negative public
perceptions of the industry. The skills shortage that is predicted to result from this
reduction in undergraduate biotechnology enrolments has been described as “one of

the biggest threats™ 1o the bioiechnology' profession (Lavelle, 2006, p. 20).



Increased recognition of the influence of public opinion on biotechnology policy,
venture capital support, research infrastructure, and the ability of the sector to attract
students has led to a stronger focus being placed on communications about
biotechnology with non-scientists. In 1999, the Federation of Australian Scientific
and Technological Societies (FASTS) in their report Biotechnology in Australia
(FASTS, 1999, p.2) stated:

It is considered vi.tal that widespr'ead public consultation and informed
public debate be undertaken as soon as possible, with mechanisms for
ongoing communication. The most appropriate method of doing this is to
bring together the stakeholders to identify and debate the key scientific,
commercial, economic, health and safety, ethical, cultural and
environmental issues....with an agreed education campaign to inform the
general public as to the benefits of technology and the controls that are in

place.

In the FASTS report (1999), the implicit intent of communicating with non-scientists
was the increased acceptance of biotechnology products and processes. The broader
biotechnology industry has also been accused of focusing public engagement
activities on “modifying resistant anti-technology attitudes through education”
(Hornig Priest, 2001, p. 97). } is now widely recognised, however, that the
assumption that objections to biotechnology arise from a deficiency of scientific
knowledge is misinformed, and increased public understanding of science does not
necessarily equate to increased acceptance of new technologies (Whitmarsh & Kean,
2005). To the contrary, evidence suggests more educated segments of the population

may be more critical of biotechnology (National Science Board, 2000).

One of the most important factors in predicting opposition to the biotechnology |
industry is thought to be a lack of trust in relevant biotechnology institutions, such as
scientists, industry, government agencies and the media (Hornig Priest, 2001). It has
been suggested that the way to guaraniee the “generation and maintenance of public |

trust” (Homnig Priest, 2001, p. 108) in biotechnology is through the improved
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engagement of biotechnologists with the public and acceptance of their public
service obligation (Whitmarsh & Kean, 2005). Rather than attempt to fill a perceived
deficit in understanding about biotechnology, biotechnologists should aim to build
trust in their profession. They need to enter into discussion, dialogue and debate with
the public about their research, show respect for public opinion, and accept public
'i'nput into policy-making and scientific strategy. Clarke (2001,p. 51) suggests, “One
of the major challenges ahead is to provide suitable opportunities for these exchanges
to take place. The next step is to integrate these interactions (and their outcomes) into
scientific policy”. Clearly, this will require biotechnologists who appreciate the
importance of science communication and are able to effect_ively engage with the

public.

2.4 Science Communication
2.4.1 The Emergence of the Field of Science Communication

Since the Scientific Revolution, there have been many periods where scientists have
been active in communicating science with the public. At the end of the 19 Century,
however, when learned societies evolved into closed institutions, a gulf developed
between the form of communication that occurs between scientists and the public the
communication of science between fellow scientisté (Gregory & Miller, 1998a).
Today, the communication of science is even further divided. Not only does a gulf |
exist between public dialogue and dialogue between scientists, but specific
disciplines within science have specialised to such an extent that scientists
themselves find it difficult to communicate their research to scientists outside of their
speciality and in addition, may be criticised for doing so by other scientists who see
them as “saying too much” about issues outside their area of professional-
competence (Triese & Weigold, 2002, p. 314). Communication between scientists
has become a “rigorously controlled system between professionals in their area of
specialisaﬁon, often only after formal scientific publication in this area” (Junker &
Trench, 2001). '



As the communication of science has fluctuated over time, so too has the attitude of

' the scientific community toward engaging with the public. Whilst the 18" and 19"
Centuries had periods of great advancement in public engagement, midway through
the last century saw an unprecedented downturn in the public engagémem with

science in response to negative public perceptions of the cold war and nuclear power
(S. Miller, 2001). By 1985, significant concerns about the decline in public support
for science in the UK and scientists’ lack of public engagement led the British Royal
Society to commission a report entitled The Public Understanding of Science (1985).
This report, commonly called the Bodmer Réport after the chair of the working group
Sir Walter Bodmer, aimed to review the public undérstanding of science, consider
the constraints upon public engagement, and formulate how they might be overcome.
The report concluded that scientists have a duty to communicate with the public and

legitimised scientists’ role in public engagement.

Since the release of the Bodmer Report (1985), interest in the popularisation of
science has been reignited, particularly in the UK which is seen by some as at the
“forefront in the promotion of the relations between science and society and in public
scientific communication” (Greco, 2006, p. 1). The UK Government has
commissioned a series of reports aimed at determihing the current state of knowledge
aboul the scientists and the publics’ understanding, pérceptions and attitudes in
relation to science and science communication (COPUS, 1998; House of Lords,
2000; OST/Wellcome Trust, 2000; Royal Society, 2006a, 2006b; Wellcome
Trust/MORI, 2000). It recently announced, as part of a ten-year investment strategy,
the increased funding of its Science in Society program (Royal Society, 2007) from

$10 million per annum to over $20 million per annum.

While the UK's Science in Society program (Royal Society, 2007) has developed to
the point where it is seen by some as the leading science communication program in
the world (Greco, 2006), the field of science communication has also developed
significantly world-wide. Since the 1980s there has been a steady increase in practice
and research aimed at promoting scieﬁtists engagement with the public. In many

developed countries, national science communication programs have been

20



established by various government bodies and science institutions, The American
Association for the Advancement of Science (AAAS) Centre for Public Engagement

~ with Science and Technology was launched in 2000 to “boost public awareness and
understanding of the nature of science and the wqu of scientists, while at the same
time increasing public input into scientific research and policy agendas by creating a
vehicle for real dialogue for policy makers, the general public'and the scientific
community” (AAAS, 2007). Other national science communication programs
include Ireland’s Discover Science and Engineering Program and South Africa’s
Agency for Science and Technology Advancement (see also Gascoigne & Metcalfe,
2001).

A significant advance in science communication worldwide has also been the
development of a number of networks to disseminate science communication
expertise (Clark & Illman, 2001). These networks include the Public Communication
of Science and Technology (PCST) Network (www.pestnetwork.org) and the Science
and Development Network (SciDev.Net; www.scidev.net). The PCST network aims
to promote public engagement and link researchers and scientific communities with
the practitioners of PCST. SciDev.Net has similar aims but caters specifically for the
developing world (Einsiedel, 2004). '

In Australia, prior to 1994, science communication in this nation was described as an
“isolalcd'profession” in which there was “no organised way of talking to
colleagues. ..no opportunity to share expei‘iences or exchange ideas” (Metcalfe &
Gascoigne, 2004). Since this time the profession has advanced significantly, Under
the Backing Australia’s Ability innovation statement (2004), thé Australian Federal
Government funded the National Innovation Awareness Strategy (NIAS) which
aimed to increase the understanding of science and technology and appreciation of .
the commercial potential of innovation, With A$35 million in funding the NIAS
program ran from 2001 to 2004. The federal government currently funds a Public
Awareness Program that is managed by Biotechnology Australia (2006). This
program has a number of elements including the monitoring of public awareness of

biotechnology, provision of education materials and paﬁicipation in community
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forums. In 1994 the association for science communication professionals in
Ausiralia, Australian Science Communicators (ASC), was formed. Today, science
communication in Australia is said to have greater recognition as a profession in its

own right than in any other developed country (Metcalfe & Gascoigne, 2004).

2.4.2 Defining Science Communication

As a likely result of the rapid evolution of the science communication field and
recent emergence of the science communication profession, there has been some
confusion regarding the use of the term science communication. Science
communication is most often described in terms of the activities of those involved,
and as such very little insight is provided into the aims, scope or preferred outcome
of science. communication. For example, Triese and Weigold (2002, p. 311} define
science communication as “the activities of professional communicators (journalists,
public information officers, scientists themselves)”. In é review of the science
communication literature, Weigold (2001} avoids defining science communication
altogether, which may reflect difficulty in pinpointing the exact definition of this

term.

There has also been confusion about how the term science communication relates to
the other closely related terms - public understanding of science (PUS), scientific
literacy, and scientific cultyre, While all these terms have at some time been used
interchangeably, none are synonymous, and they differ with respect to their
underlying philosophy, approach and emphases (Burns, O'Connor, & Stocklmayer,
2003). In recognition that “the meaning of seience communication and other terms
used in the field of scientific literacy have been plagued by an unfortunate lack of
clarity” (p. 183), Burns and coworkers (2003) published a paper that defined science
communication and differentiates it from other closely.related terms, In this paper,
science communication progresses from being described as merely the collective

activities of professional communicators, to being defined as a process with distinct
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aims, These aims are defined as the collective aims of the public understanding of

science, scientific literacy, and scientific culture movements.

2.4.2.1 Public Understanding of Science

The term Public Understanding of Science (PUS) was first coined in the Bodmer
Report (1985). Defined as the understanding of scientific matters by non-experts, the
PUS movemént aims to improve the understanding and knowledge of scientific facts
and scientific methods (Shapin, 1992). The term PUS, however, implies thét any

- difficulties in the relationship between science and society are due to ignorance and
misunderstanding by the public — difficulties that can be resolved by a one-way flow
of scientific and technical information from scientists to the public. And while PUS
activities aim to increase understanding by all non-experts, they have been found to
attract only a narrow audicnce of individuals who are already committed to the
philosophies of science (Turney, 1996). While cdmmu’nicating science with this
audience may create an informed group of people, it is not inclusive and “unlikely to
draw a wide range of people into debates about current science policy issues”™
(OST/Wellcome Trust, 2000, p. 12). In recognition of the need for public
engagement that involves transparent and open dialogue between scientists and non-
scientists, the PUS movement has now adopted the term Public Engagement with
Science and Technology (PEST) to replace PUS (Science, 2002). In contrast to PUS,
PEST aims to create a scientificaily literate community through transparency,
openness and dialogue (OST/Wellcome Trust, 2000).

2.4.2.2 Scientific Literacy

The scientific literacy movement aims to equip individuals with enough scientific
knowledge to participate in a scientific and technological society, Derived from the
- concept of basic literacy — the minimum level of reading and writing skills that

individuals require to function effectively in everyday life — scientific literacy has
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been defined as the basic level of understanding of science and technology that
individuals require to participate in the social, cultural and physical environments of
society (Durant, 1992), Acco!rding to Hornig Priest (2001), however, scientiﬁc
literacy should include more than an understanding of the technical details of

science. A basic level of scientific literacy should include:

‘An understanding that boundary between science and policy is dynamic, that
“the impact of science is oftgn'uncertain, that policy reflects value-based
decision making, and that the equitable distribution of risks and benefits
~ associated with science and technology remain a substantial challenge. (p.
107}

This fuller vision of scientific literacy aims to equip individuals with an
understanding and knowledge of three components of science and technology: the
facts, the way in which scientific knowledge is generated, and the way in which
decisions are made about what is science, and what isn’t (Shapin, 1992). In light of
this, Goodrum and coworkers (2001, p. 15) have redefined scientific literacy as “the
capacity for persons to be interested in and understand the world around them, to
engage in the discourses of and about science, to be sceptical and questioning of
claims made by others about scientific matters, to be able to identify questions and
draw evidence-based conclusions, and to make informed decisions about the

environment and their own health and well being”.
While universal high levels of scientific literacy are widely recognised as playing a

critical role in advancing the wellbeing and prosperity of society, in practice

however, they can be very difficult to achieve,
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2.4.2.3 Scientific Culture

Scientific culture recognises that scientific literacy has a social dimension that is
greater than the sum of the attributes and practices of individuals. In contrast to
scientific literacy which focuses on the individual, scientific culture can be described
as *an integrated societal value system that appreciates and promotes science and
widespread scientific literacy as important pursuits” (Burns, O'Cohnor, &
Stocklmayer, 2003, p. 189); Godin and Gingras (2000, p. 44) suggest that scientific
culture is the “expression of all the modes through which individuals and society
appropriate science and technology”. They emphasise the social dimension of this
culture, and suggest this dimension can be gauged by measuring the financial,
regulatory, coordinating, education and communication activities of institutions, such

as Government, teaching establishments, companies and funding agencies.

2.4.2.4 Science Communication

In bringing together the aims of PUS, scientific literacy and scientific culture, Burns
and coworkers (2003) have produced a more comprehensive definition of science
communication than previously cited in the science communication literature, They

define science communication using a vowel analogy:

The use of appropriate skills, media, activities, and dialogue to produce one
or more of the following personal responses to science....awareness,
including familiarity with new aspects of science; enjoyment or other -
affective responses; interest, as evidenced by voluntary involﬁemcnt with
science or itls communication; opinions, the forming, reforming or confirming
of .science-related attitudes; understanding of science, its content, processes,

and social factors. (Burns, O'Connor, & Stocklmayer, 2003, p. 191)
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2.4.3 Benefits of Science Communication

While the definition of the term science communication has been contested, the
proposed benefits of sciehce communication have been wel! documented. A nﬁmber
of utilitarian, democratic and cultural benefits have been proposed (Bums, O'Connor,
& Stocklmayer, 2003), The utilitarian argument for science communication suggests.
that science communication can make science and technoiogy more practically
useful for individuals in everyday life. Whilst it is acknowledged that it is not
necessary for individuals to know the technical intricacies of science and technology,
it is however, deemed desirable for the public to be able to use the application of
science and technology, and keep abreast of general developments in this area.
Without sufficient knowledge of how science and technology is applied it may be
difficult for people to make even the simplest of decisions, such as decisions about

their diet, health and safety.

Science communication can also benefit the democratic process by providing citizens
with sufficient information to enable them to “understand, think about, and perhaps
participate in the formulation of_public policy on specific issues” (Borchelt, 2001, p.
197). In a democratic society, people make decisions about scientific and
technological policy matters when they vote, and an understanding of science can
enable an individual to effectively contribute to this voting process. Broader
discussion, debate and decision-making about issues that have a scientific component
may also lead 1o greater public accountability about the direction and application of

scientific research.

In addition to the proposed democratic and utilitarian benefits of science
communication, it has been suggested that science communication can enhance
social cohesion by facilitating the understanding, appreciation, celebration and
sharing of science and technology. Science is part of our culture and heritage, As
such, it should be shared by all and the specialisation and technicality of scicnce
should not be allowed to alienate the public (Gregory & Miller, 1998a). Aikenhead

(2001, p. 23) believes that acknowledgrment of the cultural nature of science may
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reduce the possibility of miscommunication between the “scientific community

engaged in research” and the “culture of a public immersed in their everyday lives™.

In 2001, the Research Roadmap Panel for Public Communication of Science and
Technology in the 27 Century summarised the benefits of science communication,
This panel of US science communicators, communication rescarchers, journalists
and scientists were brought together to provide a best practice model of science
communication for the National Aeronautics and Space Administration (NASA). The
pane! found that agencies and institutions had three main purposes for

communicating scientific information:

1. To inform consumers, patients and citizens about scientific activities,
produets, or conclusions that may be useful in improving the quality of life
generally or in regard to specific problems, issues or events.

2. To provide information for citizens to enable them to understand, think
about, and perhaps participate in the formulation of public policy on specific
issues. _
3. To provide descriptions and explanations of scientific work to enhance

the level of scientific or biomedical literacy in the recipient.

2.4.4 Science Communication Models

Science communication, scientific literacy, scientific culture, PUS and PEST, are
complex and multidimensional concepts. So too are the processes by which scientists
-and non-scientists communicate (Hartz & Chapell, 1997; Nelkin, 1995). As a
consequence, models for science communication are complex. The science
communication discipline has also been accused of unsound scholarship and
evaluation, which further complicate the picture (Borchelt, 2001; Ziman, 2000)

According to Borchelt (2001) science communication suffers from a:
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General lack of intellectual rigour applied to science and technology

~ communication activities, especially as contrasted with the very rigorous
scientific environment in which this communication arises. Communication
often remains an afterthought, a by-product of scientific endeavour somehow

removed from the scientific process itself. (p. 200)

Ziman (2000) criticises much of the current public communication practice for -
identifying and providing what the public ought to know, rather than identifying
what the public wants to know and finding ways to make this knowledge available
and accessible. This practice follows what is known as the deficit model of science

communication (Borchelt, 2001).

The deficit model (also known as the deficiency, cbgnitive deficit, diffusion or
persuasion model) aims to remedy deficiencies in technical understanding and
increase public appreciation for science (Sturgis & Allum, 2004). This involves the
transfer of scientific and technical information to a passive public, usually through
formal education or the mass media. It is now widely acknowledged that the deficit
model of science communication is not an effective means of achieving an increase
in scientific literacy or public sympathy. The model has been criticised for its one-
way, top-down communication approach that is often limited to the communication
of scientific facts and methods (Gregory & Miller, 1998b) — a process Nelkin (1995)
calls “selling science” and Prellj calls “propaganda” (Prelli, 2001, p. 77). '

Sturgis and Allum (2004) however, do not advocate replacing this model entirely.
They argue that potentially valuable theoretical insights and developments in science
communication might be oblained by integrating the deficit model with the
contextualist model - a combination that may give a more *complex and complete
account of how what people know about science and the context in which it is
practised affects the general favourability toward science and the scientific
community” (p. 59). Despite these calls for integration, however, the deficit model
has been largely abandoned for the contextual model of science communication

(Ziman, 2000} . This mode! has significant support from science communication
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scholars (as reviewed by Weigold, 2001) and is based on what Miller (2001)

describes as the 3Ds - dialogue, discussion and debate.

This approach sees the generation of new public knowledge about science
much more as a dialogue in which, while scientists may have the scientific
facts at their disposal, the members of the public concerned have local
knowledge and an understanding of, and personal interest in, the problems to
be solved.” (8. Miller, 2001, p. 117).

The contextual model requires an understanding not only of the context of scientific
knowledge, but how different people use this knowledge - a perspective which
acknowledges the existence of other knowledge domains that influence
understanding of, and attitudes towards, science and technology in opposite or
conflicting ways to factual scientific knowledge (Sturgis & Allum, 2004). In the
contextual model of science communication the public are viewed as specific groups
of active and thoughtful' citizens with expertise in the application of science and
technology. According to Haste (2005), this model allows for the “open exchange
and sharing of knowledge, ideas, values and beliefs between scientists, the public(s),
stakeholders and decision-makers” (p.1) - it does not “remove authority or expertise
from science; it locates scientific developments in a wider social context and enables
the inclusion of a wider range of relevant cxpenisé with regard to the application of

such developments™ (p. 5).

Godin and Gingras’ (2000) Multidimensional Model of Scientific and Technological
Cultyre illustrates this positioning of science and technology within culture. In this
model, science is seen as a social phenomenon that “must necessarily be included as
a form of the social organisation of culture” (p. 53). By positioning sctence within
culture, Godin and Gingras (2000) suggest this model provides a better framework
for the development of indicators of scientific literacy. They argue that the current
indicators, which measure individuals’ knowledge of science and their attitudes
towards science and technology, are inadequate because they attempt to evaluate an

individual’s scientific literacy on the basis of the scientists’ culture and do not take
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their social roles into consideration. Using their revised model, in which the
individual and social dimensions of scientific literacy can be better appreciated,
Godin and Gingras propose a series of indicators that are more inclusive of these two

dimensions.

Recently, France and Gilbert (2006) have attempted to develop a science
communication mode! specifically for biotechnology. They contend that “no useful
model for the processes of communication between the parties exists [the
biotechnology community and the public community]” (p. 1). In the process of
developing a model for communication about modern biotechnology, (which they
define as the products and processes involving genetic modification) they have
established five criteria that they feel a biolechnology communication model should

address. These criteria are as follows {pp. 52-53):

1. The model should include all the major components that can be used to
represent the shape of any attempt at communication. These are knowledge,
nature of science and technology, affect, risk and language.

2. The model should be able to account for the effectiveness of current atiempts
at communication, as reflected in the state of public knowledge towards
science and technology. |

3. The model should suggest avenues of research that will lead to 'grealer
understanding of the processes involved and the issues arising from
communications about biotechnology. '

4, The model should predict approaches to communication that will lead to
better mutual understanding between the stakeholders involved.

5. The model should be applicable both to the informal sector of voluntary,

- adult education and social action, as well as to schools where biotechnology

education is provided.

While France and Gilbert (2006) represent the two groups of people involved in this
communication model, the biotechnology community and the public, as separate

spheres in the model, they recognise a shared space between the two communities
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that can be used for discussion of problem solving. They conelude thai the
development of a model for dialogue between biotechnologists and the public is
difficult, and their current model is incomplete. However, the development of such
as model is crucial for the future of “the world, for the future of the biotechnology
industry, and for the civic health of communitics everywhere” (p. 54). A clearly
defined model of science communication for biotechnology would also benefit those

involved in the science communication training of biotechnologists,

2.4.5 Professional Science Communicators

As re-ignition of interest in public cngugcménl has {ead to the emergence of the
science communication profession, careers in scichce communication have also
evolved. To obtain a picture of who prolessional science communicators are, what
they do and what influences their praetice, Meteatle and Gascoigne (2004) surveyed
members of the professional body for seience communication in Australia, ASC, via
the organisation’s email list. OF the 142 respondents, 77% called themselves seience
communicators consistently or sometimes. Of these, 20% reported scienee as their
profussion. The remainder were predominantly public relations, media or
communications officers for i science-related organization (36%), freelunce writers,
consultants or journalists (46%). In contrasy, others include science wrilers,
Journalists, TV and radio presenters, seience centre and museum workers, and
communication officers for scientifie, environmental and industrial estoblishments s
seience communicators (Clark & THman, 2001). Clearly there is some ambiguity in
what delines o scicnce communication professional, with some individuals calling

themselves seience communicators when their primary prolession is seienee.

2.5 Civie Scientists

The former director of the National Scivnce Foundation (NSF) in the US. Dr Neal

Lune, originally coined the term civie scientist to deseribe the seientists who engage
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with the public about science and socicty {Lane, 1997). More recently Clark and
Hlman (2001) expanded on the definition of a civic seicntist: “A scientist who
communicates with general audiences and brings knowledge and expertise into the
public arena to increasc awarencess about science and/or [acilitate discussion and
decision-making on issues of imporiance to society” (p. 6). In the current study, the
term civic scientist is used to distinguish between scientists and science
communicators, The term is used to define scientists whose primary profession is
science, but take on a comrnunication role as required, Science communicators, in
contrast, are defined in this study as prolessionals whose primary role is brokering

communication aboul science.

2.5.1 Calls for Civic Scientists

The call for scientists 1o fulfil a civic science role has been in response to concerns
about low levels of scientific literacy, dwindling enrolments in tertiary science
courses, and decreasing public support and trust in science (Greenwood & Riordan,
2001; Lane, 1997: Neidhardt, 1993), It has been suguested that scientists should view
science communication as a public service obligation (Borehelt, 2001) and should
take more responsibility "o communicate about what they do, what they understand,
what they still ignore. and most importantly, what gets them exeited” (Delacorte,
2001, p. vii). Furthermore, the science communication activities they undertake
should extend beyond a description of the technical aspects of their research

{Gallaghur, 2003):

Scientists have become adept at converting the technical aspeets of their work
into liay terms, but that is not enough —~ societal and ethical implications must
be ackirowledged. .. the scientilic community needs to position the socially
revolutionary aspeets of research onto centre stage, This is the case in high
school teaching, but it fades at the undergraduate level and scientists rarely.

infegrate these aspects into actual rescarch projects.



Scientists have been accused of abrogating their responsibility to communicate
(Chaisson & Kim, 1999) and warned that they ignore public attitudes and values at
their peril and the peril of the scientific research community (Bodmer, 1985;
Greenwood & Riordan, 2001). A study commissioned by the Wellcome Trust
(Wcll(.:omé"l’rusb’MORI, 2000) found that 56% of 1540 UK séie_niiéls surveyed
reporied pérticipating in communication activities. In a more recent web-based
survey of 1485 research scientists in higher education institutes in the UK, 74%
reporied having taken part in at least one science communication activity in the pzist
twelve months (Royal Society, 2006b) While this suggests a high level of
involvement of scientists in science communication activities, closer inspection of
these surveys indicates the opposite may be true. As Greco (2006) observes, the most
frequent activity reported in the 2007 survey was participation in an institutional
open day event - an event that is likely to be compulsory for most scientists. Over
70% of the scientists surveyed had not been interviewed by print or radio journalists,
had not taken part in a public debate about science, and had not worked with science
centres, museums, teachers or students, Greco (2006, p. 1) suggests the scientific
community is “trapped in its splendid isolation” and “uncomfortable in its timid

relations with society”,

2.5.2 Bartiers to Civic Science

A significant number of barriers have been identified as reasons for the perceived
low level of involvement of scientists in science communication programs and
activities. The Wellcome Trust survey of UK scientists (Wellcome Trust/MORI,
2000} indicated the majority (60%) of scientists feel the day-to-day requirements of
their job leave them with little time to communicate. Most felt the need to spend
more time on rescarch was the major barrier to participation in science
communication. One fifth of the scientists agreed that scientists who engage with the
public arc less well regarded by other scientists, and 3% cited negative peer pressure
as a barrier to involvement in public engagement. In a similar poll in the USA (C. P.

Brown, Propst, & Woolley, 2004), 74% of scientists in the international honour
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society of scientists and engineers, Sigma Xi, agreed they had little time for public
ouaeach activities. In addition, 41% indicated that their involvement in science
communication activities or progréms is “futile” (p. 300) as it makes no difference to
public policy. Other studies have indicated additional barriers to civic science
including a lack of faith in the media, and lack of t.raining, support, money and
incentives (Shortland & Gregory, 1991).

Aikenhead (2001) suggests a number of barriers to civic science stem from the
culture of science itself, Scientists working within this culture are guided by the
norms, vajues and expectations of science which affect their capacity 1o act as civic
scientists, often in a negative way. These include the increasing specialisation and
technical complexity of science; the vast growth in the volume of scientific
knowledge, and the culture of distrust of journalists and broadcast media (Triese &
Weigold, 2002). Goodell (1977) also believes the scientific community exercises a
powerful syélem of control over its members, which dictate a series of rules for civic
science. The rules include popularising only when the productive phase of a research
careers is over, sticking striétly to a specific area of expertise, acting only to improve
the public image of science, avoiding extremes of opinion, establishing a reputation
as a credible researcher before communicating with the public, and publishing in the
technical literature before presenting this research to the publié. Despite the recent
suggestion that there has been a cultural change in the attitude of scientists such that
civic science activities are no longer seen “beneath the dignity” of a researcher,
(House of Lords, 2000) other research indicates that “going public™ is still
considered by fellow scientists to be neglectful of serious scientific research (Royal
Society, 2006b; Weigold,2001)

The increasing specialisation and technical complexity of science also presents a
number of majlor hurdles to effective science communication by scientists. Science
has become incréasingly inaccessible to non-scientists, particularly in the areas that
involve mechanisms that are counter-intuitive (Boulter, 1999). Furthermore, the
language of the scientific culture has “diverged from the mainstream of literary

language and divided into a large number of small winding tributaries” to the extent

34



that it is now largely incomprehensible to non-scientists (Shortland & Gregory, 1991,
p. 12). In order for scientists 1o be effective science communicators, they must be
skilled at translating ideas (including counter-intuitive ones) from the technical

| language of their discipline into a form that is accessible to lay audiences,

The vast growth in the volume of scientific knowledge also presents a series of
 barriers to effective science communication. Scientists are experts in their own area
~ of specialisation, but may not be familiar with other fields of knowledge, and may
therefore find it difficult to communicate how their field integrates into the big

picture of science, As Weigold (2001, p. 179) states:

Scientists are specialists, involved in the minutia of a specific problem that
may represent a small piece of a much bigger puzzle, This can make it
difficult for them to state why their most recent discovery is a newsworthy
event or even a significant development. Scientists offer predictions that are
tentative and qualified, Which may seem incompatible with fostering

excitement in a story.

However, this information may be important for the public who require an
understanding of science for everyday life. Civic scientists must be comfortable with
communicating the ways in which their particular field of expertise fits with other
fields of knowledge, including the counter-culture notion of providing a big picture

of their given field.

Peer review is another process embedded in the culture of science that presents
another barrier to science communication by scientists. This peer review process is
the system science uses 10 assess the quality of research before it is published and
involves scientific experts in the field check papers for validity, significance and
originality and clarity (Sense About Science, 2004). By withholding information
from the public until a level of peer consensus is achieved, the peer review process is
said to protect the public from premature release of information that might prove

misleading. Given that 71% of the public look to scientists to have an agreed view
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about science issues (Sc_ience Media Centre/MORI, 2002), this process is supported
by those who feel it offers the public prolccti'c)n from the “sometimes messy process
of science” {Roan, 2001, p. 11). The Journal of the American Medical Association
(JAMA) include in their instructions to authors a warning about public discussion of
their work (including speaking to reporters or participating in press conferences)
prior to publication in the journal (Fontanarosa, Flanagin, & DeAngelis, 2000).
However, the very act of profection afforded by peer review, insulates non-scientists
from understanding the way in which science is conducted and how consensus is

achieved, As noted by the USA’s National Academy of Science :

Science results in knowledge that is often presented as being fixed and
universal, Yet scientific knowledge obviously emerges from a process that is
intensely human, a process indelibly shaped by human viitues, values and

limitations, and by societal contexts (1995, p. 9).

The culture of distrust of journalists and broadcast media in science also provides a
barrier to cffective science communication. The conflicting goals, values and
routines of scientists and journalists have been well documented (as reviewed by
Weigold, 2001). Scientists have accused journalists of trivialising, distorting and
misrepresenting science. Journalists have similarly levelled criticisms at scientists,
seeing them as “narrowly focused, obscure and self-absorbed” (p. 179). In part, these

criticisms stem from the divergent agendas of the two professions.

The scientist’s primary responsibilities are to disseminate information,
educate the public, be scientifically accurate, not to lose face before
colleagues, get some public credit for years of research, repay the taxpayers
.who supported the research, and break out of the ivory tower for the sheer fun
of it, The journalist’s goals are to get the news, inform, entertain, not lose
face before his or her colleagues, fill space or time, and not be repetitive. (p.
181).
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At a more basic level, science communication may be difficult for scientists because
they may not understand either what science communication is, or what it involves.
There is evidence to suggest that some scientists cannot distinguish the broader
science communication practice required of a civic scientist with the
communications about science they share exclusively with their peers (Weigold,
2001). These two very distinct roles, termed public science and private science by
Holten (1978), have different social settings and different audiences. Aikenhead
(2001) suggests that no matter how entwinéd that popular and the technical might
appear to disinterested 6bservers, the two forms of communication, and the two
communities they reach, are very distinct. As such, very different modes of

communication are required.

2.5.3 Civic Science in Practice

While many of the barriers to science communication outlined above may be reduced
by the use of an intermediary science communication professional, evidence suggests
scientists still believe they should bear the main responsibility for communicating
scientific research to the public. The Wellcome Trust poll, The Role of Scientists in
Public Debate, found that 84% of the UK scientists surveyed agreed they have a duty
1o communicate to the non-specialist public (Wellcome Trust/MORI, 2000). It has
been suggested, however, that scientists do not fulfil this role particularly well. In the
introduction to Science Communication in Theory and Practice, Stocklmayer (2001,

pp. xi-xii) presents anecdotal evidence to support this claim:

The imperative (to explain their work to the general public) generates both
anger and anxiety among scientists when confronted by it.... The idea that
science is culturally dependent, that knowledge is constructed, threaten their
mastery of their discipline. They feel uncomfortable, unhappy and yearn for
the certainties and security of their laboratories and their white coats....It
(science communication) threatens both their standing with their colleagues

and their self-respect.
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The view that scientists are not effective communicators appears to be shared by a
large majority of the public. An opinion poll of public attitudes to science,
engineering and technology commissioned by the UK’s Office of Science and
Technology (Science Media Centre/MORI, 2002) found that 85% of the public
surveyed indicated that scientists needed to improve the way they communicate their
findings through the media. Scientists themselves have also expressed the view that

scientists arc poor communicators, Hartz and Chappell (1997, p. 38) observe:

With the exception of a few people...we (scientists) don’t know how to
communicate with the public. We don’t understand our audience well enough
— we have not taken the time to put ourselves in the shoes of a neighbour, the
brother-in-law, the pe'rson who handles our invesiments — to understand why
it’s difficult for them to hear us speak. We don’t know the language and we

haven’t practised it enough.

Other surveys of scientists provide a broader picture of the views held by scientists
about their science communication capacity. The Wellcome Trust poll of 1540 UK
scientists found that the majority fairly well cqﬁipped to communicate the scientific
facts (57%) and the social and ethical implications {52%}) of their research
(Wellcome Trust/MORI, 2000). A similar survey in the USA, however, found that
only a small majority of the scientists polled (51%) were aware of how they could
become involved in public outreach activities (C. P. Brown, Propst, & Woolley,
2004). Neither of these studies however asked the respondents to rate how effective
they feel they are at science communication, they did not assess the science
communication ability of these scientists, nor did they rate the effectiveness of their
activity or activities, Therefore, while these studies indicate a willingness to
communicate on behalf of scientists, it does not offer any evidence that willingness

to communicate equates to good practice.

To overcome the lack of involvement in science communication by scientists, it has
been suggested that science communication become a core component of scientists’

job descriptions (Borchelt, 2001). While not all support a mandated civic science role
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for all scientists (Clarke, 2001; Royal Society, 2006b), it has been suggested that a
change in current practice is required whereby science communicatior. is not seen as
an optional part of a research program, but as an integral part of the scientific process
itself (House of Lords, 2000). This should be supported by formal acknowledgement
of the importémce of science communication by the top levels of managerﬁent in
institutions and research funding bodies. In addition, time should be set aside for
communication, positive civic scientist role models should be promoted at all levels,
and there should be reward and remuneration for civic science activities. Science
communication training for scientists should also be provided, Haste (20035, p. 15)

sugpests:

In general it seems that scientists are supportive of greater dialogue but their
main concerns are lack of competence to communicate and the lack of
recognition or reward for this activity, compared to research itself, The
perceived barriers are skill, not attitude, as well as lack of validation of the
activity by employers and peers... If scientists are the main source [of

communication], then communication skills training is needed.

2.6 Communication Training for Scientists.

In response 1o the suggestion that science communication training for scientists and
tertiary science students will be an integral means of promoting civic science, a
number of funding and training opportunities have been made available for scientisis
to improve their involvement in public engagement activities. In many countries
communication skills and media training resources, including courses and grants are
offered which aim to equip scientists with the skills to communicate their science
with the public and with the media. Evidence suggests, however, that the uptake of
science communication courses and programs is not widespread amongst scientists.
Inthe UK’s Factars Affecting Science Communication survey (Royal Society,
2006b), 73% of the scientists surveyed indicated they had not undertaken any media,

communications or public engagement training. Clearly a more systematic approach

39



to science communication training is required if this training is expected to produce a

generation of scientists able and willing to engage with the public.

Recently, there has been increased recognition of the role that science
communication iraining can play at the undergraduate and postgraduate level
(Clarke, 2001; House of Lords, 2000; Royal Society, 200.6a). As science degree
programs form the foundation of the science sector by providing a pipeline of
graduates entering into the profession, it has been proposed that formal science
communication training be introduced at this early stage of career development. The
provision of training at this level is also likely to stimulate involvement of
rescarchers in public engagement at an early stage of their career. The Royal Society
has recommended that “policies are developed which enable a higher proportion of
younger scientists to get involved with public engagement” (Royal Society, 2006b, p.
6).

How science communication training at the undergraduate and postgraduate level
might be practically achieved has yet 10 be determined. Recently, a review of public
engagement training at this level was recommended by the UK’s Royal Society
(Royal Society, 2006b). Earlier, the Science and Society report (House of Lords,
2000) concluded that research and teaching institutions should strongly encourage
communication training for students, in particular media training, and recommended
that “strenuous efforts be made by universities to see that as many students as
possible take full advantage of this opportunity™ (p. 4). As the bulk of science
communication programs focus on communication through television and print
media (Boulter, 1999), media training for science students is clearly warranted. -
However, there is increasing recognition that other forms of communication, and
therefore other forms of science communication training, have an important role to

play in science communication:

There is no such thing as a one-size-fits-all public communication message
for a mythical lay public....An individual article or story placed in an

individual news medium is more likely to be lost in the very crowded
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market place than it is to have a profound impact on public understanding of
science,... The effectiveness of communication — the accurate receipt and
use of information — can be improved substantially by carcfully defining
intended audiences and by tailoring the level of information provided to

each audience (Boulter, 1999, p. 202).

The delivery of media skills training in isolation has also been criticised for its
inability 1o reconcile the different approaches of scientists and journalists. Hasle
{2005) suggests that scientists and journalists can only be reconciled if the
underlying philosophical differences between the professions are addressed, In
addition 10 media training skills, science communication training should aim 10
include instruction about the place of science in society and culture to improvc
scientists’ awarcness ol their changing status and of the need to respond to the
public’s demand for more openness. Until science communication training is
broadened 1o address all of these issues, scientists’ communication with a wider

audience will not be significanlly improved (Boulter, 1999).

2.6.1 Tertiary Science Communication Training in the Australian Context

The importance of communication training for science students has recently been
highlighted in Australia with the release of two reports assessing the relationship
between the curriculum content in science degrees and employer and indusiry needs:
What Did You Do With Your Science Degree (ACDS, 2001) commissioned by the
Australian Council for the Deans of Sciences (ACDS), and Macquarie University's
Science, Engineering and Technology (SET) study (Macquarie University, 2006).
Both investigated graduates’ and employers’ perceplioné of the skills provided by

undergraduate science degrees.

The ACDS report (2001) was vusumissioned to obtain a picture of employment
patierns for science graduates in Australia and the skills provided to these graduates

in first decade of their careers. One of the specific aims of the study was to identify
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employer perceptions of the skills attained by science students during the course of
their studies, and the extent to which those skills are valued by these employers. The
report surveyed 1245 students who had corhpleted a degree in science in the period
of 1990-2000 from six different universities selected to represent Austrafian
universities as a whole. Representatives from 16 enterprises and recruitment agencies

were also surveyed for their views on these issues.

The What Did You Do With Your Science Degree report (ACDS, 2001) found that
employers required graduates with the ability to communicate. Whereas in the past,
science graduates were not necessarily requiréd to have skills other than technical
skills, the report found that employers now seek people with the ability to translate
scientific terms and ideas into language that can be understood by a diverse range of
people (such as engineers, management, clients, researchers, and the public). Almost
90% of the 1245 graduates surveyed, however, stated that their degree training did
not provide them with the level of communication skills required by their employer,
They also indicated that they felt these skills were not often taught in science
degrees. A high level of oral communication skills, in particular, was identified by
nine out of tcn of the graduaies asa requirement for their current employment. Only
four out of ten indicated th.ey gained such skills in their undergraduate degree

program,

Macquarie University’s SET Study (Macquarie University, 2006) also surveyed
science graduates and employers. This study was commissioned to examine why
science careers are not pursued by school leavers in Australia resulting in a decline in
enrolments in the science, engineering and technology areas over time and
particularly in recent years. Over 300 Macquarie University students and 70
professional scientists were surveyed. The study found that employers do not believe
a bagic tertiary science education equips graduates with the essential generic skills
required, particularly effective written and oral communication skills. Cribb (2006, p.
32) when revieWing this study suggested that “Those who believe that a qualification
in science enables a person to communicate effectively are mistaken, A science

degree doesn’t make you a sympathetic listener, good at dialogue or a clear writer.
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Indeed, it sometimes appears to have the opposite effect”. The majority of
recommendations arising from the SET study (Macquarie Univc.rsity, 2006) centered
on increased science communication; between universities and industry and
government bodies, universities and high schools, as well as universities énd the |

community at large.

The ACDS (2001} and SET reports (Macquarie University, 2006) assessed the skills
requirements of science graduates in general, In contrast, a recent review of
Australian biotechnology programs was undertaken to assess the skill requirement of
biotechnology graduates in particular. Commissioned by the Australian Universities
Teaching Committee (AUTC) the aim of this report was to gauge il these programs
meet the needs of the Australian biotechnology ihdustry. The resulting report, the
Review of Biotechnology (Gray & Franco, 2003}, provided an evaluation of
biotechnology programs offered by 25 Australian universities. As with the ACDS
and SET reports, it also concluded that there is a strong industry demand for
graduates with communication skills. The report indicated that while generic
communication skills are taught in the majority of biotechnology degrees
(predominantly in the first and second years of study) these skills were taught “with
varying degrees of efficacy” and recommended the “identification and dissemination

of best practice” for teaching oral and written communication skills (p. 4).

While all three of these Australian reports highlight a need for improved generic -
communication skills training of science graduates, these studies did not assess the
specific science communication skills required of civic scientists. The employers in
the ACDS study (2001), indicated that they felt graduates required the
communication skills for pﬁblic engagement, however, these skills were not
described. In the SET study (Macquarie University, 2006) communication skills
were not defined. And in the AUTC report (Gray & Franco, 2003), the
communication skills described were a generic set of communication skills,
including written communication skills (memoranda, email, letters, lab reports and
posters) and oral communication skills (presentations, face to face communication,

professional consultation and negotiation). The extent and nature of science
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communication education provided to the biotechnology students in the programs
surveyed was not explored and there was no reference in the report to the

communication skills required for public engagement. -

What is required is science communication training offered within science programs
that provide students with civic science skills, in addition to the generic
communication skills required by employers and the specific skills required for
scientist-to-scientist communicatioh in traditional research areas. While science
communication education is offered by many universities, including many Australian
universities that offer biotechnology programs (including the ANU, the University of
Queensland, the University of New South Wales, the Univérsity of Technology
Sydney, the Univei’sity of South Australia and the University of Western Australia) it
is recognised that these science communication programs may attract students who
will seek employment within the science communication industry and may not reach
science students who enter the workforce in mainstream research areas (Errington,
Bryant, & Gore, 2001). Scientists” capacity for public engapgement is unlikely to be
improved unless science communication training reaches science graduates who

pursue careers in mainstream science,

To date, there has been no syslematic analysis of science communication training for
science students in Australia. The extent and nature of seience communication
training for science students is unknown. How science communication training
should be delivered to science students and what the achievable outcomes should be,
are also unknown. It is important to establish therefore, what stakeholders in science
education think about the inclusion of science communication training into
undergraduate studies and what their expectations are of such a program. This may
help shape the design of such programs, how well received such courses are, and
how successful they are both in the short term and long term in generating science

graduates who enter into mainstream research as willing and capable civic scientists.

This doctoral study examines how a tertiary biotechnology program prepares science

graduates for a civic science role. By exploring the views of students, lecturers and
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other stakeholders, this study aims o provide recommendations for eurriculum
planners for the provision of science cammunication training within hiulcchmﬂugy
prograums, 11 is hoped these recommendations will uselully inform those involved in
the development ol seience communication training tor tertiary iotechnology
students which will ultimutely lead to hew generation of biotechnology praduates

able to constructively engage the public in discussion aboul their scienve.
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3. METHODS

Educational procedures, practice and contexts are investigated from various
theoretical perspectives. These theoretival perspectives, also known os purudignis.
provide the foundation thut determines what research is and how it is to be practised.
The following methods section provides an overview ol the construetivist paradigm
that underpins the present research study, The rationale {or the case study design and
cach dat guthering teehnigue is also deseribed and the corresponding instruments
are provided in the appendices. The amalysis ol the quantitative and gualitative data
abtiained from these instrwmments s also outlined, The seetion concludes with how
this researeh stacky has attempted twofullil the construetivist eriteria for quality of

reavireh dusign,

3.0 Paradigms in Educational Research

First coined by Thomus Kuhn (19703 as the central coneept in his theories of
scientific progress i the physical sciences, the term paradigm, has been adopted by
the soctal setences o deseribe " basie set ot beliets thal guides action™ (Guba, 1994,
p. 17y Whike the physival seiences remain a single paradigm seience (with broe'
“consensus o i particular paradigny within the scientific community ), the sociul
scienves are seen as inaltiple paradipm sciences with a number of paradigms
compsting for dominance (Muisterman, 19700, These paradigms are characterised by
their approach to ontolegical, epistemulogical and methodological yuestions: Whalt is
the maee of realing? What is the relationship between the researcher and the known?

Hloss should the rescarcher go abowt Ginding out knowledge?

3 L2 Paradigm Didlogure

Each rescarch paradign in the social sciences hus its own rescarch practices and

nicthadologival assumptions, There has been signilicant debate about what which ol
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these paradigms represents the correct paradigm, how research is best practised, and
which method is the most appropriate 10 use. Gage (1989) describes this debate as
the “paradigm wars™ (p. 1). However, as paradigms cannot be proven or disproven in
any foundational sense, there are no independent criteria that can be used to judge

which paradigm is most appropriate for research.

In educational research, the paradigm wars have centred on positivism versus
constructivism. The positivist approach argues that the social world is like the world
of natural phenomena, that is, hard, real and external to the individual (Cohen,
Manion, & Morrison, 2001). The constructivist approach is diametrically opposed to
this position, arguing instead that reality is interpreted and constructed by individuals
based on their experience and interaction with the environment. Many believe the
divide between these paradigms cannot be combined in any one research project as
cach one rests on an incompatible set of theoretical assumptions about the nature ol
social seience (Lincoln & Guba, 1985), Guba (1993, p. x) states “the naturalistic
{constructivist) paradigm is incommensurable with positivism in the same way that

the notions of fiat carth and round carth arc conceptually incommensurable”,

Berg (2001, p. 3) however, likens restricting the research design to either
constructivism or positivism to “opening a tool bo.x, choosing a spanner and ignoring
the other tools available™. Many, like Berg, believe the paradigms used in
educational research can and should be accommodated (Firestone, 1990, p. 1). These
compatibilists feel there is a sound cpistemological foundation to uniting the
diflerent disciplinary perspectives and their methods of research (Keeves, 1997, p.

1)

These two approaches uré not diflerent in purpose in so far as they
seek 1o build a coherent body bl'knuwlcdgc. ...They supplement
cach other in the methods employed and the contributions they
provide....Research activity has a unity of purpose and a unilied
cpislcmuldgicul basis that demands the rejection of two or more

paradigms of rescarch.
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Proponents of multi-method research, who deliberately combine different types of
methods within the same investigation, also believe that two or more paradigms may
be accommodated within educational research. Furthermoré, they believe the
integration.of different theoretical perspectives that can result from this
accommodation can be used to prdmotc the generation of conceptual linkages
between the opposing theoretical systems (BreWer & Hunter, 1989). Guba (19950)
argues, however, that the debate about which paradigm should dominate is irrelevant
as none of the paradigms is the paradigm of choice. He believes that the current
multiple paradigm state that exists in educational research (and the social sciences in
general) should be replaced with a new paradigm, in a process similar to the

paradigm shifts that oceur in the physical sciences:

Each is an alternative that deserves, on its own merits...to be
considered. The dialog is not to determine which paradigm is,
finally, to win out, Rather, it is to take us to another level at which
all of these paradigms will be replaced by another paradigm whose
outlines we can see now but dimly, if at all. That new paradigm
will not be a closer approximation to the truth; it will simply be

* more informed and sophisticated than those we are now

entertaining. (Guba, 1990, p. 27)

For the time being however, until this more informed and sophisticated paradigm is
developed, “fitness for purposc™ has been suggested as the guiding principle that
educational researchers should adopt when approaching their }esearch (Cohen,
Manion, & Morrison, 2001, p. 37). Rather than advocating adherence to a single
paradigm, this approach takes the view that different paradigms are suitable for
different rescarch purposes and should be adopted accordingly. The justification for
the choice of instrumentation and data collection should therefore be outlined clearly
in a methodology that has a foundation in the ontological and episle.mological

* assumptions ol the paradigm or paradigms of choice.
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3.2 Methods

The research design and methods of the present study were developed withina
constructivist paradigm (Lincoln & Guba, 1985). This paradigm was chosen on the
basis of its fit with educational and science communication research. In teaching and
learning, recognition of prior knowledge, peers, learning experiences, and social
interactions is important (Tobin & Tippens, 1993). In science communication, the
contribution of social context and “local knowledge” to the use of science by the
public has also been recently acknowledged (Pitrelli, 2003). It is anticipated that by
taking a constructivist approach to the present study, an in-depth understanding of
the awareness and views of science communication and science communication
education will be generated that will provide a foundation for educational reform in

this area.

3.2.1 Case Studies

Case studies are the method of choice for constructivist research because of their
emphasis on interpretation and subjective observation. Yin (2003, p. 13) defines a
case study as “‘empirical research that investigates a contemporary phenomenon
-within its real-life context, especially when the boundaries between phenomenon and
context are not clearly evident”. According to Stake (2000) case studies involve the
systematic gathering of holistic information about the case and analysis of the casc’s
issucs, contexts and interpretation. They arise from a need to understand complex
social phenomena and provide a “rich and vivid description™ of events (Hitchcock &
Hughes, 1995, p. 317). It is the uniquc design of the case study, rather than the data
collection approach, that distinguishes case studies from other approaches lo

research,

Several types of case study have been described. Stake (2000) defines three types of
case study based on the underlying purpose for studying the case. The intrinsic case

study provides an understanding ol a particular case, because of either its uniqueness
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or ordinariness. The instrumental case study is undertaken to assist the researcher to
understand some external theoretical question or problem, rather than the case per se,
And the collective case study involves an extension of ﬁn instrumental case study to
several cases in order to better understand or theorise about a larger collection of
cases. All three types involve an analysis of the case’s issues, contexts and
interpretations and all ask “What can be learned here that a researcher needs to
know?” (Stake, 2000, p. 440).

3.2.2 Case Study Data Analysis

The content analysis of the qualitative data generated from a case study offers an
opportunity to learn about how the subjects of the research view their social worlds
(Berg, 2001). The qualitative data is reduced and transformed to make it accessible
and systematically comparable. From the transcripts generated from interviews and
other data collection methods, trends and patterns are identified and transformed into
categorical themes. The data is then coded according to these categories, and
patterns, commonalities, relationships or disparities are identified. The resuits are
displayed as an organised, compressed assembly of information that permits
conclusions to be drawn. This form of content analysis offers the researcher an
ability to learn about how the subjécls of the research view their social worlds (Berg,
2001).

The categories researchers usc in content analysis of qualitative case study data can
be determined deductively, inductively, or by a combination of both (Strauss, 1987).
Researchers using a deductive approach analyse the data in light of categories
suggested by a theoretical perspective. In the inductive approach, researchers identify
themes as they emerge during the process of data analysis: a process which allows
them to ground these categories to the data from which they derive (Berg, 2001). To
present the most forthright presentation of the constructed realities of the subjects,h
greater reliance on induction is required. However, in many circumstances both

inductive and deductive approaches are used.
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Underpinning both inductive and deductive approaches to content analysis is
experience that derives from analysis of the literature or previous research (Berg,
2001). Insights and general questions about the research derived from these

~ experiences play a role in the development of inductive categories. In deductive
reasoning, these experiences are used to create the various deductions required 1o
drive the analysis. The interplay of experience, deduction and induction form the
basis of the formation of theory, known as grounded theory (Glaser & Strauss, 1967,
pp. 2-3): '

To generate theory... we suggest és the best approach an initial,
systematic discovery of the theory from the data of social research.
Then one can be relatively sure that the theory will fit the work.
And since categories are discovered by examination of the data,
laymen involved in the area o which the theory applies will
usuaily be able to understand it, while sociologists who work in
other areas will recognise an understandable theory linked with the

data of a given area.

The grounded theory developed from such analyses should be verified and assessed
using negative case testing (Denzin, 1978). This process invelves identifying all
examples of cases that do not {it the proposed hypothesis (the negali?e cases) and
either discarding or reformulating the hypothesis (o account for, or exclude, these

cases. The data is then reanalysed in light of these changes.

3.2.3 Cise Study Design Quality

Valld research in all fields must dcmonblmle its truth value, provide the bdeS lor
applymg, 1t and allow external _]udgcmema 0 be made about the con51slency of its
procedures and the neutrality of its findings or observations (Eriandson, Harris,

Skipper, & Allen, 1993). While methodological soundness should be measurable
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regardless of the chosen paradigm, these questions of goodness and value need to be
explored in relation to the paradigm in which they operate. A major strength of the
case study is the ability to use many different sources of evidence for data collection
and the subsequent ability of the researcher to build data triangulation into the
rescarch design (Yin, 2003). Triangulation is defined as the use of multiple methods
of data collection for the study of some aspect of human behaviour (Cohen, Manion,
& Morrison, 2001). By combining dilferent kinds of data, researchers can refine,

broaden, and strengthen conceptual linkages (Berg, 2001)

Triangulation, however, is only one way in which constructivist research
demonstrates its methodological trustworthiness. Constructivist researchers also
apply other measures of goodness and value, including measures of credibility,
dependability, conlirmability, and transferability (Guba & Lincoln, 1981; Guba &
Lincoln, 1989; Lincoln & Guba, 1985). Measures of credibility reflect the subject’s
degree of confidence in the truth of the findings. The subjects of the research are
supplied with the researchers’ interpretation of their realities, allowing them to judge
the degree of compatibility of the constructed realities that exist in their minds with
those that are atiributed to them by the researcher. This process is known as member
checking. Lincoln and Guba (1985) also recommend that credibility can be improved
by prolonging the engagement of the researcher in the context to be studied,
maintaining persistent observation of the case, collecting reference materials to
provide a morc holistic view of the context (known as referential adequacy
materials), and encouraging peers to provide feedback on the case report that may

allow redefinition of the research,

For constructivists, variance in results upon retesting may not indicate crror but a
shift in the construction of reality from one point in time to another. In place of
reliability, constructivists measure dependability using an audit trail. By providing
flocumentation and an account of the process of the research, an external audit can be
made on the processes by which the study was conducted. This dependability audit
will check the stability of the instruments used and the traceability of explainable

changes (such as changes in reality of subjects or better insights by the researcher).
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This audit process can also provide an externai check on the confirmability of the
study. This measure recognises that objectivity is an illusion and that no method can
be insulated from the bias of an observer. Hence, the conclusions, interpretations,
and recommendations of the researcher are checked in a confirmability audit to
determine if they are supported by the research, rather than if they are free from

contamination by the researcher.

Constructivists also believe the definition of research problems cannot be fully

" determined prior to commencement of a study, as they are partly found in the
constructed realities of the stakeholders. Subsequently, the research problem,
questions and working hypotheses or recommendations should initiaily be stated in
terms that are sufficient to guide data collection, then refined and expanded as the

“study proceeds. This interactive process of data collection, data analysis and design
review, is known as emergent design (Erlandson, Harris, Skipper, & Allen, 1993},
The refining process of emergent design is interactive because it involves the sharing
of constructed realities with the stakeholders, The design emerges from the

researcher’s understanding of these realities and the context.

In addition, constructivists believe that regardless of their surface similarities, social
settings are made up of different complex individuals related in a multitude of
undefined ways. Consequently, a case report cannol be generalised, as no two social
settings are sufficiently similar to allow generalisation from one to another, In place
of generalisability, constructivists speak of transferability — the extent to which the
findings can be applied in other contexts or to other respondents {Berg, 2001). The
detailed description of the case and purposive sampling methods used, enable the
reader 1o determine if the study can provide insights for their own use. The reader
may learn through the vicarious experience they gain by reading the case report
(Stake, 2000).

The aim of the present study is to generate a case report that is transferable at the
very least to other biotechnology programs, and potentially transferable to any other

program involving the delivery of material linked to an emerging science discipline
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which may or may not involve technological controversy. This study centres on a
biotechnology program because this field of science is seen as one of the emergent
technologies of t'he century and thus it may serve as a useful model for other
zmergent technologies. In addition, biotechnology is a hi ghly contentious and
controversial area of science and there is a perceived need for biotechnologists who
are capable of 'communicating the technical, social and ethical complexilies of the
discipline (Gregory, 2003), Thus the recommendations generated from this study
may be useful for any field where technological controversy exists and public

engagement needs to be improved.

3.3 Biotechnology Program Case Study

The present research study centres on an instrumental case study. This case desi gn
was chosen because, while the purpose of the study is to develop the issues, contexts
and interpretations of tertiary science communication education in the particular
tertiary biotcchnoldgy case chosen, ultimately the aim of the study is to generate a
case report with recommendations that are transferable to other tertiary
biotechnology programs. Therefore it was important to select a program where

aspects of the program were reasonably typical of other biotechnology degrees.

The case chosen for analysis in the present study is a biotechnology degree program
offered by an Australian university. The units offered in its program are
representative of the combination of science and non-science content areas that
characterise Australian biotechnology programs according to the description
provided in the AUTC’s Review of Biotechnology (Gray & Franco, 2003, p. 16).
According to this review the science content of these biotechnology programs
lypically consist of molecular biology, cell biology, immunology, microbiology,
biochemistry, and physiology. Thése programs also include the manipulation and
culture of bacterial, plant and mammalian cells and other specific biotechnology
skills linked to the plant, animal, environmental, medical, and industrial areas of

biotechnology. Non-scientific content is also incorporated in these programs,
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including knowledge of intellectual property protection and patenting, a basic
understanding of the main principles of business planning and commercialisation of

a product, and ethical debate and communication.

Another reason for selection of the particular biotechnology program chosen for the
case study was accessibility and familiarity. As a previous employee of the
university within the chosen degree program, the author of the présent study has
intimate knowledge of the program through teaching many units in the program, and
is known to many of the stakeholders. This familiarity with the interviewees and the
case facilitated easy access to, and cooperation from, the “gate-keepers” of the study
{Erlandson, Harris, Skipper, & Allen, 1993, p.. 56), namely the lecturers of the
undergraduate biotechnology students and the supervisors of the postgraduate
students. These gate-keepers not only represented an important group to inferview in
their own right, but also provided the key to accessing the undergraduate and

postgraduate students,

In the chosen biotechnology program, the uhdergraduate Bachelor of Biotechnology
degree can be completed in three years and the Honours degree in four, There is an
average of 57 students enrolled in the undergraduate biotechnology degree program
over the three years of l_hé program, A number of additional years may be required
for completion if the degree is combined with other degrees, other major or minor
programs, and/or part-time enrolment. Students receive training in animal, plant,
microbial enzyme and food biotechnology. The degree program is described as
follows in the 2007 University handbook:

The [biotechnology] major provides broad training as well as in-depth study
in selected areas so as to generate graduates capable of operating in an
interdisciplinary environment. Consequently the major provides the
opportunity to gain experience in the biolbgical, chemical and commercial
aspects of biotechnology with an emphasis on the development of the skills
and knowledge applicable to a wide range of biotechnological processes.

Areas studied include genetic engineering, immunclogy and vaccine
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production, fermentation technology and cell culture. Specialisation may be
incorporéted into the degree through the appropriate choice of double majors
and minors, All students in the Biotechnology major are encouraged to obtain
on the job training in industry, which may b_e achieved via an Industry

Practicum or through a Professional Placement.

A number of elective units are available to the undergraduate students enrolled in the
biotechnology program, including cross-disciplinary units offered by other divisions
of the university. One of these cross-disciplinary elective units is a unit in science
communication. The unit aims to provide students with an understanding of science
communication, the dominant modelis of science communication, and the contexts in
which science communication occurs, It also analyses the mediation role of
professional science communicators (including science journalists) between
scientists and the general community. In the unit outline it is stated that by the end of

the units students should be able 10:

1. Understand and be sensitive to major issues facing science
communicators;

2. Understand the major procedures which can be brought to bear on these
science communication issues; '

3. Analyse critically science communication output and science
communication research; and,

4, Apply knowledge and interest in a special area of interest in science

communication.

This unit is offered from within the arts division rather than the science division and

is not formally promoted as a recommended unit in any of the science programs.

In addition to this unit in science communication, the university also provides
communication skills training to all undergraduate students. This skills training is

part of the university’s graduate attribute training program. This program aims to
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ensure all students of the university graduate with a number of generic attributes, one
of which is communication, This attribute is defined by the university as the “ability
to communicate effectively and appropriately in a range of contexts using
communication, literacy, numeracy and information technology skills”. Delivery of
materials designed to teach the generic attributes are embedded within the learning

objectives, activities and assessment of the core units of all programs of study.

The biotechnology program in this case study also offers postgraduate studies in
biotechnology. As these students are envolied in postgraduate studies in the
combined biological science and biotechnology postgraduate program it is not
possible to determine what number of students are engaged specifically in
biotechnology projects. On average 60 full-time students are enrolled in this

- program. The postgraduate program is described by the university as providing

students with:

The opportunity to undertake research degree within an extremely active
research and postgraduate training environment. The program has a
particularly fine reputation for providing the opportunity for students to
undertake their research on biological issues of importance to [the
state}....The program has established a number of long-term links with
industry and with government agencies to augment the high standard of
research training available. International links have also been established
across all of the major themes of biological research training offered by the

program.

The postgraduate students enrolled in the biclogical science and biotechnology
program are not offered any specific training in science communication, but informal
training in this area may be provided by supervisors. While the university’s policy
outlining the responsibilities of the supervisorls of postgraduate research students
does not stipulate the provision of communication training, it does state that
supervisors should discuss supplementary training with their students, including the

generic skills program that is available to all postgraduate students in the university.
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The Responsibilities of the Postgraduate Research Student Superﬁr‘sors policy states
that at the beginning of the research project the supervisor is responsible for
“arranging any orientation or supplementary training necessary for the research
project, including the Generic Skills Program.” This generic skills program
incdrporates a module on.communication skills training, Thc module is taught by the
teaching and learning centre and is promoted to all postgraduate students in the
university via their email and the distribution of a hard-copy promotional flyer. The

skills program courses do not cater specifically for science students.

3.4 Data Generation Methods
3.4.1 Sample

Five groups of key stakeholders.were identified in the case: undergraduate
biotechnology students, doctoral bjotechnology students, early-career
biotechnologists, biotechnology lecturers and the supervisors of biotechnology
postgraduate students. In this study early-career biotechnologists are defined as
researchers within their first five years of biotechnology related employment
following completion of undergraduate or postgraduate research, All of the early-
career biotechnologists interviewed in the present case study had completed their
undergraduale degree in the biotechnology program that is the focus of this case

study.

Additional contextual data to supplement the case study was obtained from
interviews of lecturers of tertiary science communication units and science -
communicators in the biotechnology field, énd undergraduate students enrolled in
refated science degree programs at the same university. These related science degree
programs include biology, biomedical science, molecular biology, conservation

biology, environmental biology, marine biology, chemistry, and veterinary science.
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Table 1 summarises the method used to collect duti from each of the v stsheholder
groups, and the number ol individuals in cach grovp admitisiered w guestionniie or
imerviewed. The lecturers and postgrniuate student supervisess were combined into
une group as all of the individuals whe feetured in the undergraduate biotoehnology
program were ilso supervising students undertahing doctorid studies in

biotechnology.

Table |

.‘iunmhu;\- of the Data Collection Methoud wed for vach Stikelwdder Gronp

Slakeholdor group n Data cotugion meathod

Cose Undergraduate iolochnotogy 09 Cuestisnniing
Biotechnology students 13 Inlorview
rogram ' ' ) :

progra Doctora) bigtechnology stutdunts 7 inteiviaw
Early-career biotochnglogists 0 Intgrviaw
{groduatod <5 yoars from thoe
molechnalegy progriam)
Lecturers and posigraduilo 0 intarview
fO80OrCh SUBUTVISOrS n '
biotachnology program

Additional Undegrgraduiile science 214 Questionnane

Contaxtusl sludents

Data Scence cemimumcubon toclurars 3 Intarviaw
Biotachnology science 7 Intervigw

communicators
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Jod 1 Ethical Comstderations

Upiversity othics approval tor the anily was abtained prior 1o comimencement of dita
collection. Al anempts hive been made to honestly portray cach individual’s
viewpants expressed in the questionniines and ierviews while simaltineously
protecung their prsvacy . The questionniires were anony mous s the interview
respired the paarticipants o identify themsedves by their st mame only, To keep
these imdinvdual's responses contidential, each individual s first mme was replaced
withoa pyedonsm, amd the mame af the institution Toked to the vase study has not
been divuiped Tos achsess ledged, howeser, that waveidably sommwe reinders o the
Baas ot comtestuad datiamd e responses proysded by partieipsants miy he able o

ahentity the umsersity myvobved and possably jdentits indis iduaal participants,

Privs o participatitg i tie study, stahehalders were provided with an information
[erter that intonimed them of the mature and seope of the research study . (See
Appendis 1 toran example of the indormation Jetters prosided 10 the undergraduate
studenty and interyiowees ). e Jeter supplied o the undergraduate students
indivated thiat those wha 1iled in e questionnaire were presumed o hase consented
tor patticipation in the study - The mteryieseen wene ashed Lo a conient form
prive o participation in the study . 1See Appendin 2 lar the intervies inlormed
comsent form )y AN stakehokders were idormed of their right o reluse o tihe part in
tte stuely, theds right e withdew from the study atany stage, and conlidennality
arrangements regarding anabssis, dissemination and pablivanan of research findings.
Purticipants in the piteeviews were ab provided with an interview sehedule a least
s day s prios o their intervies (See Appendin 3 for un example of an mterview
schedules provided tnters iowees i 10was stated eaplicitly in the imroduction to the
mtervien schediades thal the guestions provaded were anly indiviative ol the 1y pe of
guestions that may be ashed and duning the course ol the acnnl imerview additianal

quuestions ni weabaed.
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3.4.2 Undergraduate Questionnairey and Follow-Up Interviews
$4.2.1 Instrument Design

As questionnaires are easy 1o administer to large numbers of subjects and the
underpraduate students were the largest of the stakeholder groups, a self-
administered guestonnaire delivered in a lecture timeslot was chosen as the maost
appropriate data collection lor the undergraduate students, Access to the students was
negotiated with cach lecturer responsible for coordinating the individual units in

which data was collected.,

Two guestionnaires were designed for administration to the undergraduate students.
The first questionnaive was administered o biotechnology students in the lecture
timeslot ala second year unit inanimal biviechnology. This questionnaire (see
Appendix 43 was designed 1o address aspects of all three research questions, To
explore Research Question 1 (What is the current status of seicnce communicition
edueation lor tertiary biotechnology students in the cise?) the undergraduates were
asked 1o define scienee communication, indicate how aware they are of the science
communicition training available to them, and describe their views of the science
communication training they reeeive, To explore Research Question 2 (Flow may the
stukeholders” views of seience communication impact on the provision of civic
svienee training for undergraduate and postgraduate students in the biotechnology
program?) the students were asked for their views on public engagement and science
cammunication. To explore Rescarch Question 3 (What are the stokeholders® views
of scienee communication training for undergraduate and postgraduate students in
the biotechnology program?) the students were asked to rate the importance of

seience communication training,

The questionmatire comprised S0 items arranged into 16 questions, Three of the items
were open-ended and four required i dichotomous response to questions about
degree program enrolment, sex, and age. The remaining 43 items, which asked

gquestions specifically abowt their seience communication and science communication
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training, required the students to mark their responses on a continuous rating scale.
Many of these rating scale questions were adapted from interview questions asked in
the UK survey The Role of Scientists in Public Debate (Wellcome TrustMORYI,
2000). The focus of these questions, the wording of these questions, and the
corresponding question asked in the student questionnaire in this study are listed in

Table 2.

A second, shortened version of this questionnaire (hereafter referred to as the
shortened questionnaire) was administered to students attending lectures for first and
third year biotechnology units in introductory chemistry and molecular biology,
respectively. The first year unit is a compulsory unit for students in the science
division ol the university, and consequently has a signilicant number of students
atiending, The logistics of distributing and collecting a large number of
questionnaires within a short period dictated that the questionnaire administered to
the students attending this lecture needed to be significantly shorter than the
questionnaire administered to the second year students. The third year students were
also administered the shortened questionnaire as the lecturer of this unit was unabice

to grant any longer than a 15 minute period at the end of a lecture for data collection,

The shortened questionnaire addressed the third research question only (What are the
stukcholders’ views of science communication training for undergraduate and
postgraduate students in the biotechnology .program'?J The students were supplied
with one rating seale question which asked the students to rate the importance of 12
curriculum items in their undergraduate program. The questionnaire also contained
the four dichotomous questions about degree program enrolinent, sex, and age, and
whether the students were aware of, and planned to enrol in, the science

conmumunication unit.



Table 2

Questions ddapted For Use in the Undergraduate Student Questionnaire from the

survey The Role of Scientists in Public Debate (Wellcome Trust/MORI, 2000).

Focus of Wellcome Trust Survey Correspending Question in

question Questions (Wellcome Undergraduate Questionnaire
TrustyMORI, 2000)

Perceived Q29 To what extent do you  How important do you think it is that

importance of  agree or disagree that the the non-scientists understand (a) the

public non-specialist public needs  technical aspects of biotechnology

engagement. to know about the social and  research (b) the social and ethical
ethical implications of implications of biotechnology
scientific research? research?

Who should Q3 Ifyou had to How would ygu rate the importance of

scientists communicale your research  communicating (a} the technical

communicate
with?

and its social and ethical
implications, whe do you
think would be the most
important group to
communicate with?

aspects of bictechnology research
with the following groups? (b) the
social and ethical implications of
biotechnology research with the
following groups?

Who is
responsible for
communicaling

QG11a: How strongly do you
agree or disagree with the
following stalement?

How responsible should the following
groups be for communicating (a) the
technical aspects of biotechnology

science with Scientists have a duty to research with non-scientists? (b} the
the public? communicate their research  social and ethical implications of
and its implications ta the biotechnology research with non-
non-specialist public. scientists?
Q30 In your opinien, who, if
any, of the following should
have the main responsibility
for communicating the social
and ethical implicalions of
scienlific research o the
non-specialis! public?
Impac! of peer  Q11h: How strongly do you How strongly do you agree or
review on agree or disagree with the disagree with the following
public following statement? statements? Biotechnologists have a
engagement. Scientists should publish responsibility to coramunicate (a) the

findings only when they are
peer —reviewed.

technical aspects of their research
with non-scientists (b} the social and
ethical implications of their research
vaith non-scientists (¢} their research
and its implications with non-
scientists, but only after peer review.
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3.4.2.2 Rating Scale Items

Both the questionnaire and the shortened qu'estionnairc contained rating scale items,
also known as visual analogue or graphics scalc items (Oppenhcini, 2.001). [Each
scale was drawn as o 10cm horizontal line on the page immcdihicly below each.ilem
in & question, and was bounded by a pair of labels that varicd according to the
queslion (unimportant ~ very important, strongly d.isagree - strongly agree, not
responsible — very responsible; Figure 4). The respondents were instructed to

“Indicate your response by marking a cross on the line”.

How important do you think it is that the non-scientists understand...
Incliccte your enswer by marking a cross on the e,
Place a crosy in the box next to the question if vou don’'t know the anywer.

...the technica) aspects of biotechnology research?

Unimportant Very important Don't know

*—— . o D

Figure 4: Lixample of a rating scale tem used in the undergraduate biotechnology
student questionnaires. (Note: The rating scale in this figure and in the appendices
hits not been reproduced o scale. In the questionnaire administered to the

undergraduate students, the rating scale line was exactly 10cm in length).

Graphic rating scales have been widely used in the literature (Friedman & Amoo,
1999) primarity because they are quick and easy to unswer and quantily, but also
because they do not restrict responses 1o discrete categories. The rating scale
response format chosen in the present study was selected for these reasons but also
because it represented an alternate response format lo Likert scales. The students in
the present case study are very familiar with Likert-type scales as a result of their
-constant exposure to teaching feedback surveys, and as a consequence may be at risk

of providing responses without giving adequate thought to Likert scale questions or
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the responses they provide to these questions. Provision of alternate response formats
such as rating scales have been described as acting as a “cognitive spcedbump”
(Harrison & McLaughlin, 1993), causing respondents to think in greater depth about

the question and their response,

In addition, the rating scale response format was chosen because it enabled a number
of items corresponding to a single question 1o be aligned. Students could then rank
their answers to these items by visually comparing one response to the next. For
example, the students were asked in one question 1o rate the importance of
communicating with non-scientists. This question comprised two rating scale items
in close proximity, one relating to the communication of technical details, the other
relating 1o the social and cthical implications of science. By including both of these
items within the same question, the students were able to attribute a level of _
importance to the sccond item relative 10 the level of impertance they attributed to _

the first,
3.4.2.3 Piloting the Questionnaire

To improve the construct validity of the questionnaires (Oppenheim, 2001), the
questionnaire was piloted with four undergraduate science students from another
university in the state . One student was in the first year of their degrec program, and
other three were in the second year of their program, The questionnaire was
administered to the pilot subjects in exactly the same way it was to be administered
10 subjects in the main study. After completing the questionnaire ihie subjects were
interviewed and asked for feedback to identify any ambiguities in the questionnaire
and whether or not they found any of the questions difficult to answer (See Appendix
6 for the pilot interview questions), The pilot interviews were audio-taped and

analysed.

The results of the pilot interview analysis indicated the subjeets took an average time
of 12 minutes to complete the questionnaire, found the format and instructions for

the questionnaire casy to follow, and had no difficulties in responding (o the
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guestions using the rating scale format. While one subject indicated she would have
prelerred questions with a Likert-type response format, another indicated she liked

the rating scale {ormat becausc she it allowed her greater flexibility in her responses.

Any 1erms the subjects lound difficult were discussed. These included non-specialist
public, media representatives, finders and campaigning groups. All of these terms
were chosen for consistency with the terminology used in The Role of Scientists in
Public Debate survey (Wellcome Trust/MORI, 2000). After discussion with the pilot
subjeets it was agreed that misinterpretation of the terms funders and campaigning
groups could be minimized by providing an example immediately following these
terms in the questionnaire. In addition, the terms non-specialist public and medic
representatives were replaced with the terms non-scientists and journalisis,
respectively. For two items in the questionnaire, the term non-specialist public was
not changed 10 non-scientist. These items were linked to the question How would you
rate the importance of communicating biotechnology research with the following
groups, As a number ol (he groups included as items in these two questions could be

regarded as non-scientists, the lerm non-specialist public was retained.

In light of the pilot subjects’ response o the term non-specialist public, the interview
questions were also changed from non-specialist public lo. non-scientist. It was clear
from the responses provided by the undergraduate studenls and the other stakeholder
groups in the interviews that their understanding of communication with non-
scientists was in keeping with engaging the public aboul 'science. and technology. I
there was any indication in the interviews thal the stakeholders had nol interpreted
non-scientist in this regard, this term was discussed with the participan:t_to ensure a

“shared understanding of the term,
3.4.2.4 Questionnaire Administration

The questionnaires were administered to undergraduate students at the end of
lectures for first, second and third year science units, A brief introduction was

provided by the rescarcher that summarised the aims of the rescarch, the students’
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role in the project, and instructions for how to mark answers on the raling scales. The
students were encouraged to participate but the voluntary nature of the project was

cemphasised, as was the anonymity of the responses in the instrument. .

The questionnaire was administered to 52 undergraduate students (19 males and 33
I'_emalcs) atlending a lecture in a second year unit in the bid!echno.logy program. This
unit in animal biotechnology is compulsory for biotechnology students but is also
available for students in other programs to attend. Twenty three of the students were
enrolled in the biotechnology program (9 males and 14 females). The questionnaire
was delivered during a lecture timeslot at the very end of the semester one. This
lecture was chosen because the lecturer had informed the students that the format and
questions in the final exam would be discussed, and this would promote a high
atiendance at the lecture, and therefore, a high response rzite. Furthermore, the
leclurer was positively disposed to allowing the quest_ionnaire procless to take upa
significant proportion of her lecture timesiot as she felt she was unlikely to require
the full lecturc time allocated. The second year biotechnology students were given 20
minutes v complete the questionnaire. All students attending this lecture submitted a

completed questicnnaire at the end of the lecture.

The shortened questionnaire was administered to all students atlending lectures in a
first yéaf science unit in introductory chefnistry and a third year unit in molecular
biology. Like the second year animhl biotechnology unit, both bf these units are
compulsory for biotechnology students, but are attended by other science students,
particularly the {irst year unit which is a core compulsory unit for many of the
science programs in the division. In the first year unit, completed questionnaires
were collected {rom 236 students (77 males and 159 females), of which 17 (11 males
and 6 females) were enrolled in biotechnology. In the molecular biology unit,
completed questionnaires were colllecied from 55 third year students (19 males and

36 females) of which 29 (16 males and 13 females) were enrolled in biotechnology.
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3.4.2.5 F ollow-up Interviews

Questionnaires comprising a high proportion of rating scales are convenient for data
analysis involving large sample size and can be completed quickly by respondents.
However, closed questions such as these can reéult in the loss of spontaneity and
expressiveness, As Oppenheim states (1992), with cldsed questions “we shall never
know what the respondents said or thought of their own accord”. To obtain a better
understanding of the 'reasoning behind the students’ responses tb the questionnaires,
13 second year undergraduate biotechndlogy students were interviewed. The students
were interviewed in groups of two or three during a laboratory session of the second
year animal biotechnology unit. These interviews were conducted two years after
administration of the questionnaires with a different cohort of students, so the
students interviewed had not seen the Questiqhnaire prior to the interview. Each

- student was asked 1o complete the.questionnaire and then describe the reasoning

~ behind the answers they provided. The students were also asked whether or not they
had completed the undergraduate unit in science communication, and what careers
they planned to pursue after'graduation. The interviews were audio-taped and
tranécribed verbatim, Each student was assigned a pseudonym to maintain the
confidentiality of his or her responses. On average the follow-up interviews took 14

minutes to complete.

3.4.3 Imerv:'ews

Face-to-lace interviews were undertaken with the remainder of the stakeholder
groups; thé doctoral students, early-career bioléchnologists, lecturers and
SUpErvisors, st:_icnce communication lecturers and science communicators (see
Appendix 7 for each of the stakeholder group’s Interview Schedules). The
interviewees were sent a package of information at least tW_o days {and usually one -
week) prior to the interview. The péckage contained a background information sheet,
an information letter outlining the aims of the study, a cohsent form, the planned -

interview schedule and a copy of the questionnaire administered to the second year
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undergraduate biotechnology students (see Appendix 8 for the Background
Information sheet). The background information sheet defined the two key tenﬁs in
the study — science communication and civie science. Both of these terms were
discussed with each interviewee prior to the commencement of their interview to
ensure a shared an understanding of the operationalisation of these terms between the

researcher and the interviewee.

The interviewees were asked to complete the questionnaire in advance of the
interview, with the aim of the researcher reviewing the responses provided and using
this data to inform the questions asked in the interview, However, very few of the
interviewees completed the questionnaire'prior to the interview, and none returned a

competed questionnaire in time for analysis prior to their interview,

The interviews were semi-slrilcturcd which allowed for a conversational interview
with two-way communication between ihe researéhei‘ and the interviewee
{Oppenheim, 2001). While each interviewee was sent a copy of the proposed
interview questions, it was indicated in the interview schedule that additional
qucstions. may be asked durl:ng the course of the interview. While each:inter_viewce
was asked evcry question on the schedule provided, the order of the questions varied
according to how the interview proceeded and some novel questions arose during the
course of the interview, This semi-structured interview format enabled exploration
between the res"earche_r and the inte_rviewee_of .the issues raised _duri ng the interview. |
As various themes emerged in the data from each interview and its subsequent
analysis, additional questions were added to the interview schedule for subsequent -
interviews. This interactive process of data collection and data analysis enabled an
element of emergent design to be introduced ihlo the case study (Erlandson, Harris,

' Skipper, & Allen, 1993) |

The interview was undertaken in a location determined by the interviewee in order to
increase participation rates and reduce the influence of investigator bias (Johnson &
Gott, 1996). The consent form was signed and collected by the researcher prior 10 the

interview. Interview field noles were made during and immediately after the
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interview about cach participant’s mood and body language. Each interview was

audio-taped and took approx'imatcly 30-45 min to complete,
3.4.3.1 Interview Questions

The interview questions were designed to address aspects of ail three research
questions and generate a rich d.escriplion of the focus of the study by providing views
of sctence communication and science communication training {rom multiple
stakeholders® perspectives, Many of the interview questions were common for the
fecturer, early-career Biotechnologist, science communicator. and science
communication lecturer stakeholder groups. These interview questions, the research

" questions they addre_s;s and the stakeholder groups responding o these questions is

outlined in Table 3.
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Table 3

Research Quesh‘ons. Corresponding Interview Questions, and Stakeholder Groups.

Asked to Respond,

Research Interview QGuestions Stakeholder Group

Question DS ECB L SC SCL

1. Whatisthe  Have you been involved in any science communication Y v vy

current status  activities or programs?

of science Please comment on any science communication training vV Yix o x ok

cgmmqnlcahon you received during your undergraduate training? _

fe#;:?;'on or  Describe any science communication training you havehad v v * x x
. ur post ini

biotechnology as part of your postgraduate training?

students in the
case?

Have you completed the generic skills training course
offered fo all postgraduate students?

Have you had any science communication training since

graduating?

Where would you seek science communication training?
How equipped do you feel to communicate your research?

Have you discussed communicating your research and its
social and ethical implications to the public, with your

supervisor?

Have you discussed communicating your research and its
social and ethical implicaticns to the public, with your
employer or any of your fellow researchers?

Do you provide any science communication training to
undergraduate or postgraduate biotechnology students?

Are you aware of any units {or components of units) offered
to undergraduate or postgraduate biotechnology students in
science communication?

How would describe the science communication education
that biotechnologists currently receive as part of their tertiary

training?

How equipped do you feel early career biotechnologists are
to communicate the technical details of their research to

non-scientists?

Do you feel biotechnologists are sufficiently aware of the
approaches they can or should take to science
communication programs or activities?

~ Do you feel biotechnologists are sufficiently aware of where
they can seek help for science communication when they
undertake science communication pregrams or activities?

x
=
~
x
x

®
x
«
N

DS = doctoral student, ECB = early career biolachnologist, L= lecturer, SC= science communicator, SCL = science
communication leciurer, ¥ = question asked of stakeholder group, %= questicn not asked of stakeholder group
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Table 3 cont... Research Questions, Corresponding Interview Questions, and

Stakeholder Groups Asked to Respond

Research Interview Questions i Slakeholder Graup
Question ' DS ECB L SC SCL
2. How may the  How successfully do you feel biotechnology is currently x ¥ YV VY
stakeholder communicated to non-scientists? _ '
views of What role do you feel biotechnologists should play in x v ¥ ¥ ¥
sclence communicating bictechnology research and its social and
communication  ethical implications to the non-scientists?
|mpqc_t on the What role do you fee! early career biotechnologists should x ¥ v 4 ¥
provision of . o . :
Civic SCi play in communicating biotechnology research and its social

o SCIEnce and ethical implications to the non-scientists?
training for

undergraduate DO you feel biotechnologists need to change their current x v v v v
and approach to communicating their research and its social and
* posigraduate  ethical implications?

students in the
biotechnology
program?

3. Whatarethe Do you think science communication training should be a x v ¥ Y
stakeholders' component of tertiary education for biotechnology students? '

views of Do you feel the skills required for communicating research to
Science non-scientists differ from those required for communicating  x x v v v
communication  with fellow scientists?
Lrﬁ:jn;?g f%r " Are you aware of any supports provided for the provisionof x x v v v
and graduate  seience communication education at the undergraduate or
postgraduate level? -
postgraduate o . - ; :
studentsinthe  ©an you identify any barriers to the provision of science -« « v v v
it cemmunication education at the unclerg raduate or
biotechnology n
program? postgraduate level”

Would it be feasible to introduce science communication
training into the current biotechnology curriculum?

What do you think would be the outcome of improving the
science communication fraining of early-career
biotechnologists?

Do you think the science communication capacity of
biotechnologists can be improved by science communication
training?

Do you feel the skills required for bictechnelogists to
communicate their research with non-scientists differ from
those required for communicating with fellow scientists?

Is generic communication skills tralning sufficient for training
a biotechnologist to be a science communicator?

x
x
<
<
<

=
“
-
bt
A

k3
x
®
“

DS = doctoral studenl, ECB = early career biolechnologist, L= leciurr, SC= science communicator, SCL = science
communicztion lecturer, v'= question asked of stakeholder group, *= question nol asked of stakeholder group



Jd 3.2 Doctorad Stadvent Interviews

seven postgriduaste biotechnology students (4 males and 3 femlesy, wll enrolled in
dovtoral studies, were interviewed about their experience with, and views of, seienee
communication and scienee vonmmunication trining. [The students sere regruited lor
participation in this case study by asking afl supervisors of postgriduate students
enrolled in doctoral studies in the ease to nominate their students for panticipation.
All postgraduate bioteehnology students it the bisdogy amd biotechnology program

were also emailed and asked o panticipate in this stady.

The doctoral students were asked at the beginning ol the interview o describe their
reseireh project and the career they intended 1o pursue onee they il graduated from
their doctoral studies, 1he rescareh projects the students were enrolled inwere sile-
ranging and tneluded agriculiwral biotechnology, environmental bitechnlogs .
microbial signal teansduction, plant biotechnology and medicul biowechnology, Four
of D research projects were aimed ata speeiic commereial apphication. Six ot the
students graduated with Honours from the university the case study was undertaken.
The other was an international stadent swith undergraduate and master’s degrees from
an allernate university, A students were expecting o submit their thests within a
yeir ol the interview dite. Four ot the students had progressed direetly from the
wndergraduate degree straight into doctoral studies. The remaining three had less
than two years work expericnee prior o conmeneing their doctorite and this work
experience did no involve any involvement i public engagement aclivities or
scienee communiciation training (with the exception ol one student whe had o single

interviesw with a Jonrmalist from o ocal Birming paper),

The doctoral students were also ashed i their imlerviews o deline scictwe
communication, (o indicite hoss aware sre they of the seienee conemunication
teaining available to them an the unisersity, and deseribe their views of the seiepee

communication iraining they receive.
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Sl 38 Unilergraduate Lecturer Tnterviews

All Tecturers in the case who teach compulsory units in the biotechnology program
were invited to participate i the studs . Al wen leetarers approached (9 males, |
female) agreed to participate in the study. The participants ranged in seniority from
Tevturer (o 3y and senior lecturer (0 31 10 associate professor (n 3 Al were
conrditterns ol at least une biotechiofogy unit, one wis hewd ol the program, aed
another was head o the school frons which the program is ofered. On average, the
lecturers bid been teaching i the program lor 16,6 years (ranging from two 10 30
years), and alb were currenthy supervising, or hisd supervised, postgraduate

Biotechnology students,

The interview guestions explored the lecturers” views of scienee communicition
traning, their asareness of the sicnee commumcation training olfered to the
biotechnology undergraduate students in the program and shether ure ot they deliver

any scienee comsmnication imaterisl in the undergraduate units they teach,
2d. 3 Early-career Blotechnotogivty Interviews

During the tndergraduate Jecturer interviews, the Jeeturers were isked to provide
details of biotechnology graduates, with or withow pusigradume qualifications, who
were currently emplayed i the biotechnology tield and nray be interested in
conmtributing o the present study. The lecturers identified a munber of early-career
tiistechnelogists whe they telt would be interested in participaing in an interview
and these early scareer biotechnofogists were contaeted by emuil, Six curly-cireer
biotechnelogists (1 mabe and S female) agreed to participate in the study and were

stubmequent!y interview el
Che interview questions for the early-carees broteehnologists addressed their views

of selenee commusivation tioming, their aswareness of the scienee communicition

traimang ollered o the lotechnology undergraduste students a1 the prograns,
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344 Additional Contextual Data

To supplement the case study dita, additional contextual data regarding science
communicition and the science communication training ol science students was
obtained [rom three seience communication lecturers. These lecturers are the
coordinators of three different science communication units. One of these
coardinaturs, Chirles, teaches the scienee commumication unit offered to the students
i the case. Te ds an associate prolessor in science education in the arts {aculty of the
university and teaches graduate and undergraduate units in science education,

science communication and information and communications technology in
education, s research and prolessional interests inchude the public understanding of-

seience and technology,

The other two seience communication lecturers, Cate and Tess, coordinate science
communication units in other universities in the state, These universitics do not offer
degree programs specitically called biotechnology., but they do offer molecular
biology programs whose content is similar to the content 1o the biolechnology
program which forms the focus of the present case study, Cate is o senior lecturer in
seience commumication within a seicnee faculty, She had 20 years of experience in
crop seience and molecular biology before taking a science communication lecturing
pusition. She teaches units i science communication that form part of the seience
communication studies oftered by her university. These studies include a bachelor
dupree, graduate cenificate, graduate diploma and research degrees in seience
communication. These courses aim 10 “provide opportunities to develop important
skills in seience communication, 1T literacy, clectronic publishing and related arcas
as well as communication research to develop scientists who will be able 1o
communicate the discoveries of rescarch in a way that can be understood by the
community and the world of business and industry”. The undergraduate depree in
scienee communication provides the students with an opportunity to combine science
communication with a variety of science disciplines. The science communication
units within this degree are available 1o all science undergraduate students at the

universily ta include within their chosen program,
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The other science communication lecturer, Tess, was a senior lectarer in echnology
studies within the science faculty of an alternate untversity to Charles and Cate, She
began her career as a physicist, completed a diploma in education and taught
secondary science belore completing a doctorate in science, technology and society
and beginning lecturing in this area. Belore retiring in 20035 she taught three science
communication refated units to undergraduate student in the division at her
university. One unit wis compulsory for the lirst year conservation biology students
al the university und an elective for other Arst year science students, including
students enrolled in the molecular biology program, Fhe other two units were oflered

as elective anits 1o all setence students al the university.

Additional contextual data was wlso obtained from a number of professional science
communicators in the state who are affiliated in some way with the biotechnology
profession, Members of the state branch of the ASC with links 10 biotechnology
research were invited 1o participate in this study. Seven (1 male and 6 females) of the
¢ight science communicators approached agreed to participate in the study. Four ol
these communicators had undergraduate science quatitteations, and one had a
posteraduate master's degree in science, The other two had undergraduate arts

gualifications.

The seience communicators and science communication lecturers were provided
with identical interview schedules, The questions contained in this schedule aimed 10
address these communicators” experience in science communication in the area of
biotechnulogy, und their understanding and views of science communication

education.

76



3.5 Data Analysis
3.5.1 Analdysis of Quuntitative Questionnaire Data

The 343 questionnaires were analysed as outlined below. The items on the
guestionnaire were not numbered, however, significant left and right margins were
allowed 1o facilitate easy coding of the data. To provide a unique identity to each
returned questionnaire a case number was assigned to each questionnaire returned.
Afler collecting the questionnaires, cach was givcﬁ & unigue cade in the upper right’
hand corner corresponding to the wnit in which the questionnaire was delivered and a
number (for example 1-1}, For each tiem in each questionnaire, the section and item
number was entered into the adjacent right margin adjacent and the code was entered
onto the lefi hund margin. For the dichotomous data this consisted of | or 2. All
qucslionnaircs were coded by the researcher, thereby avoiding any systematic bias
that may have arisen il'a number of individuals with different approaches to data

coding were involved in the analysis,

The rating scale responses in the guestionnaires were scored by measuring the
distance in em (to the nearest mm) from the lefl hand end of the line to the centre of
the subject’s cross on the line. The results were entered into the left hand margin of
the questionnaire and then transferred into a Statview sprcadshcct (SAS Institute
Inc). As respondents are thought to be unable to make discriminations that are finer
than ten points or so using rating scales (G. A, Miller, 1956)'. the datay as collapsed
into 10 categories (0-9) by translorming the data into its absolute value, The resulling
ordinal data was then analysed using non-parametric tests in Statview (Huck &
Cormicr. 1996). For comparison of independent items the Mann-Whitney U test and
Kruskal-Wallis one way analysis of variance test were applied to the data, For
comparison of the rating of items related to the final question the Wilcoxon matched
pairs signed ranks test and Friedman two way analysis of variance of ranks tests were

used. Bonferroni adjusiment procedures were applied to all post hoe analyses,
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Box plots, also known as box-and-whisker diagrams, were used to depict the
students’ rating scale responses (Huck & Cormier, 1996). These plots show the
median and the inter-quartile range as a box that starts at the lower quartile and stops
al the upper quartile range. The median is represented by the vertical line in the box

and the whiskers that extend from cither end of the box indicate the range of the data.

3.5.2 Analysis of Qualitative Questionnaire Data and Interview data

‘The recommended approach of Giaser and Strauss (1967) was used 1o analyse the |
data obteined from the qualitative components ol the questionnaires (the open-ended
questions) and the interviews, Deductive catepories were developed from the
literature review, rescarch questions and working hypotheses, From the emerging
themes. grounded theory was developed then verified and assessed using negative
case testing (Denzin, 1978). This iterative process involved identifying data that did
not fit the proposed hypothesis, and cither discarding or reformulating the hypothesis
in order 1o account {or this data, or excluding the data, The complete data set was

then reanalysed in light of these changes.

This analysis was performed using NVivo (QSR International, 2002). First, the
interviews were transcribed verbatim and each interviewee was assigned a
pscudonym to maintain the confidentiality of his or her responses. Some minor
chanpes were made 1o the transcripts to correct grammatical errors, The transcripts
were enlered into NVivo, and coded initially according to the order of the questions
indicated on the interview schedule. For each question, the data was then coded
according 1o emergent themes, commonalities, and disparitics. These themes were
then explored across the questions (See Appendix 9 for the summary of the NVivo-

assisted coding of the qualitative data).
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3.6 Design Quality

A major strength of the case study is the ability to build data triangulation inlo the
research-design and use many different sources of evidence for data collection (Yin,
2003). Elements of triangulation were built into the present doctoral case study by
using multiple sources of evidence (questionnaires and inteyviews) to collect data
from multiple stakeholders in the case (undergraduate and doctoral students,
lecturers, supervisors, carly-carcer biotechnologists and science communicators). By
triangulating both the dala collection methods and the data sources, a rich description
of the focus of the study — that is, science communication, biotechnology and tertiary
education - was generated. Triangulation, however, is only one way in which
constructivist rescarch demonstrates its methodological trustworthiness. Other
measures of goodness and value were buill into the desipn of the present doctoral

study,

The credibility of this study is reflected in the measures taken by the researcher 1o
ensure the subject’s degree of confidence in the truth of the findings. At the
commencement of all interviews, the interviewees were informed they could request
an audio copy of their interview or a compilete transcripl of their interview. The
interviewees were also informed they would receive a summation of key points
resulting from the analysis of the transcripts and any quotes that would be used to
represent their views. All interviewees were sent these interview summarices for
member checking and asked to indicate if they felt the summary of their interview,
particularly the researchers” interpretation of their responses and the quotes
presented, accurately represented their views (See Appendix 10 for examples of the
member checking letter and three examples of the member checking documents sent
to interviewees). 1n addition, 15 interviewces were asked a scries of additional
questions, The questions aimed 1o clarify the researcher’s understanding and
interpretation ol the interviewees’ comments obtained in the interview and/or to
further explore questions that the rescarcher felt were not explored in sufficient depth
in the interview. This process also enabled the researcher to ask the carly

intervicwees questions that arose in later interviews,
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The participants were given the oppbrtunit'y to reply by email or telephone and

- comment 6n_lhe contents of the transcripts or summaries, and/or reply to the

- questions posed by the researcher. Interviewees were informed in the covering letter
that if the researcher did not hear from them by a set date three weeks later, il would
be presumed they were in agreement with the summation of the interview. A
reminder email that included both the covering letter and interview summation was

resent to the interviewees one week before this specified date.

Thirteen of the 27 interviewees contacted for member checking purposes responded
{0 the researcher (three doctoral students, two early-career biotechnologists, four
lecturers, three science communicators, and _twb science cpnimunication lecturers).
Six of the interviewees were not contactable. Four of the doctoral s_tuderits had
submitted their thesis for exafﬁinatibn or had graduated from the'university.IOne
carly-career biotechnologist had left his place of employment, and one of the science
communication lecturers had retired. All 13 of the respondents indicated they were in
agreement with the interview material. Four interviewees added some further
comments to 1hei.r initial respon'ses. Four of the interviewees that were posed specific

question in the member-checking process answered these questions.

In addition to the member-checking process outlined above, the cred.ibility of this
case study is also reflected by the persistent observation of the case by the

' reseafchcr. The researcher was a lecturer in the p_i'ogram for seven years, For four of
these years she was concurrently collecting data for this doctoral study and during
this period maintained long-term observation of the case and stakeholder groups. In
addition, the credibility of the case was also improved by collection of reference
materials to provide a broader view of the context of the case. The exploration of
additional perspectives of the focus of the study by stakeholders that were linked, but
not part of, the' case study, provided a holistic view of the degree program and the
science communication training of scientists, Significant levels ol debriefing were
also undertaken between the researcher and her supervisors as part of the doctoral

research process, and other associates at research conferences and presentations.
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~ These debriefing sessions provi'ded'yaluable fecdback_ that enabled the case study to

be refined as it progressed.

“ An audit trail was also established 1o allow for the dependability of the case study 1o
be measured. By providing documentation and an account of the process of the
research undertaken in the case sfudy in this thesis document, the processes by which
the Sludy was conducted have been made lransparent.'The raw data (questionnaires,
audiolapes and transcripts) for this study has been filed, siored and protected in the

researcher’s office. Documentation of the data analysis, including the coding used in

the NVivo-assisl_ed analysis, is provided in the appendices of this thesis.

The transferability of this casc report, that is, the extent to which the findings can be

- applied iﬁ other contexts or to other respondents, was also l_akeh into consideration
‘when designing the present case study. This study centres on a biotechnology
“program because this field ol science is seen as rhe emergent technology of the
century and thus it may serve as a useful model for other emergent technologies. In’
addition, biotechnology is a highly con_ientious and controversial arca of science and
there is a perceived need for biotechnologists who are capable of communicating the
lech.ni'cal, social and ethical complexities of the field (Gregory, 2003). Through the
choice of the particular discipline and the structure of the program it is Ianticipalcd
that the report generated from this present doctoral study will be transferable at the
very least to other biotechnology programs, and potentially transferable to any other -
'prdgram involving the delivery of material linked to an emerging ficld of science
'which may or may not involve technological controversy. Thﬁs the recommendations -
'generaled from this study may be useful for any field where technological

controversy exists and public engagement needs to be improved.
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4, CURRENT STATUS OF SCIENCE COMMUNICATION TRAINING IN
THE BIOTECHNOLOGY DEGREE PROGRAM

The aim of this pfesent thesis is to address the overarehing research questitm of how
biotechnology education at the tertiary level can best prepar_é seience graduates for
a civic science role. The quantitative and qualitative data pertaining to this
overarching research question is presented in the following three chapters, with each
chaptef p.e'?rlaining to one of the research questions The present ehapter'presents tl's-:'
data pertammg 1o Research Question 1 whlch examines the current status of sc1ence
communication education for tertiary biotechnology students in the case, In Chapter
Five, which relates to Research Question 2, the stakeholders’ views of science
communication and how they impact on the provision of civic science training for
undergraduate and postgraduate students in the biotechnology program is explored.
Research Question 3 is explored in Chapter Six, which addresses the .stakeholrders’
views of science communication training for undergraduate and postgraduate

students in the biotechnology program.

The présent chapter explores the level of undersl'tanding of science communication
among biotechnelogy students, how they fee! their training prepares them for civie
science, and whal their awarcness and level of participation in science
communication training is. The chapter also examines how well equipped early-
career biotechnologists feel to undertake civic science, how the lecturers’ perceive
science communication training in the degree program, and how science
communicators’ view of the science communication training that biotechﬁologists
currently receive as part of their undergraduate and postgraduate training. In total,
data are presented from 69 completed questionnaires obtained from the
undergraduate biotechnology students in the case study, and 36 interviews
undertaken with 13 undergraduate students, seven doctoral students, six -
biotechnology carly-career biotechnologists and 10 lecturers is presented. Further
~contextual data obtained from an additional 274 questionnaires collected from

undergraduate students enrolled in undergraduate science programs other than
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~ biotechnology, and from interviews undertaken with seven science communicators

and three science communication lecturers, is also provided.

In the questionnaire administered to the second year biolechnology students, the
current status of the science communication training for tertiary biotcchnolog}'
students m the case study was explored by aéking the students 1o define science
communication. In the interviews, the doctoral students and early-career
biolééhnologists were asked to indicate whether or not they had received any training
in science communication and asked to describe any experience they had in
communicaling science, particularly with non-scientists, The lecturers were asked if
they incorporate any science communication lraining into their teaching practice and
théir awareness of where science communication training is offered to the |
biotechnology students in the case. The lecturers were also asked in their interviews

to describe their own experience in science communication.

In addition, seven science communicators and three science communication lecturers
were interviewed. They were asked to comment on their perception of the science

: communication training that biotéc__hnologists currently receive as part of their
undergraduate training program, These stakeholders provide an cxfcmal perspeclive
of the seience Icommunication training that undergraduate biotcchno.logy students .

receive.

4.1 Undergraduate Biotechnology Students’ Understanding of Science

Communication and Awareness of Science Communication Training

In the questionnaire delivered to the 23 second year biotechnology students, the
students were asked to deline science communication in their .own terms. The aim of
the {irst question was to delermine the students’ understandings of science
communication in light of the level of training they receive in this area. In contrast to
the other stakeholder groups in the study, a definition of s_cielice communication had

nol been provided to these students or discussed with thein prior 10 the questionnaire.
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DifTiculties in defining science communication, and public cngageménl in particular,
have been acknowledged in the litcrature (Royal Society, 2005; Stockimayer, Gore,
& Bryani, 20.01 ). Givenﬁzlhe complexity of the term énd the lack of science
communication training these students receive, this question was not asked ll'l order -
“to see if these students could generate a lengthy or comprehensive definition of
science communication. Rather, this question was asked to determine these students’
understanding of the scope of the term (Does science communication include
scientist-lo-scientist communication and public cngagcmeni?) and its purpose (Whaf'

should scicnce communication aim to achieve?),

When asked to define scicncc':communiéation in their own terms, five of the students
either left this question blank or indicated they did not know how to define this term,
by writing comments such as “l don’t know", or providing a non-specific answer
such as *“the communication of science”, Of the 18 students that attempted to provide
a delinition of _thé__tcrm, 8ix indiéalcd by their answers that they i'éll science
comn:'lunicalian is. limited to the communication of scientific knowledge between
fellow scientists. For example one student deflined scic_hce communication as
“Writing review papers, lab reports etc that communicate your thoughts and |
understandings to the scientilic community™. There was no indication by these six
‘biotechnology students of the potential for écicntists to communicale science with
audiences broader than their peers.
Onl'y 12 ol the 23 undcrgraduale biotechnology students surveyed indicated the
potential for the engagement of non-scientists in science communication, and only
two phféscd their responses 1o.suggest (his form of commimication could involve an
active exchange of information between scientists and non-scientists. One of these
students stated “It means how to communicate science with the public™. The
remainder used language suggestive of a one-way (ransler ol information from
scientists to a passive audience of nonfscientists. One student emphasised in his
definition that this one-way information transfler should aim for public acceptance of .
- biotechnology, stating science communication is “communicating the aspects of

science to the mass population {or social understanding and acceptance™. Another
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deftned science communication as “The transmission of scientific knowledge and

news to the community”.

The students were also asked if they We_re aware of the science communication unit
offered by the University and if they intended to enrol in this elective ﬁnit. The aim
of these questions was to provide an indication of their awareness of, and their |
willingness to participate in, science communication ti‘aining. None of the
undergraduate science students in the case had enrolled in the science

communication unit, and less than a quarter indicated an intention to enrol.

The second year bi_Otechnol_ogy_students that were intérviewed were also asked if
they were aware of the science communication unit and if they intended to enrol. OF
the 13 undergraduate students interviewed, none were aware the unit existed énd
none intended to eﬁrol in it. These students were also asked in their interview to
deseribe iheir.preferred choice of career after graduating. Ten of the students planned
to pursue research careers in biotechnology, two indicated they Would like to work in
forensic diagnostié laberatories, and one wé_z:s undecided. None iﬁdicated_they would

be planning a career in science communication.

Finding 1: Most undergraduate biotechriology students surveyed had a limited
undersianding of science communication, and very few viewed science _
communication as involving an exchange of information between scientisis and the
community. None had completed the elective science communication unit offeretf and

very few were mware the unit existed.

4.2 Doctoral Students’ Experienée of Science Communication

In the doctoral student interviews, the seven students interviewed were asked to
describe their area of research, their science communication experience and how well

:ihey felt their undergraduate dégree had prepared them for communicating their
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" research. Their area of research is summarised in Table 4. The doctoral students were
also asked to indicate their awareness of the communication skills course available to
them and their intent o enrol in this postgraduale skills course, Prior lo their

‘interview these siudents had bceﬁ provided with a definition of science

communication,

Table 4

Doctoral Student Research Topics

Student name {pseudonym) Doctoral studies topic

Rebecca _ Environmental biotechnology: Nutrient removal from waste
© waler
Susie Agricultural biotechnology: Genetic modification of plants
Georgie Agricultural biotechnology: Plant recornbinant antibodies
: ' ~ and fungal resistance _

Steven ' Agricultural biotechnology: Molecular basis of resistance to
plant viruses - C ' '

Danny Molecular biology: Signal transduction in bactesia

Andrew . Medicai biotechnology. Serological assay development

Marcus Molecular bio_l,ogy: Gene expression in rumen bacteria

All of the doctoral students interviewed, with the exception of Rebecen, indicated
they had communicated their research with fellow scientists either as a poster nr oral
presentation at a science conference. Rebecea indicated she had not communicated
her results to anyone other than her immediate research group as communication of
her results was restricted by proprictary issues. A formal arrangement with the
company that lunded her research restricted all forms of communication about her

research. -

Five of the seven doctoral students indicated they had not communicated their

rusearch to anyone other than their fellow scientists. The two doctoral students who
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did report expenencc in commumcatmg witha. oroader audlence however, clear!y
'mdlcated their support for the commumcatlon of science w1th non-scientists. While
both students had very limited experience in this area (one student had been
interviewed once by a'j'oumalist from a local farming phper prior to commencing
‘doctoral studlcs and the other had been interviewed on a smgle occasmn for an
internal umversny publication), bolh commented on the importance of
communicating with non-scientists, Susie stated “I think there certamly needs to be

more communlcatlon” (October 4 2001). Steven stated:

Giving the talk was a very, 'v.'cry useful exercise because in this ﬁeld not only
do we regularly present our work to other scientists, we also occasionally
need to present to the general public. S0 it gives us pfactice to transfer the
knowledge of our work across to the wider communily.. You can be a good
scientist but if you can’t communicate your work then there is no use dbing

) lhe work as no one will undersland your work. So I think giving presentatlons
and all that type of thlng is very important. Communication of your work is -
an important part of science, it’s not just the lab work. (Steven, Ocm_bcr 12,
2001). '

Steven, however, expressed the view that his current project was not ready to be

communicated with non-scientists:

Soif you’re. doihg research into cancer or something, it could be, the public
could be inlerc:.st'f:d.E Whereas basic research like my' project - where I’m
looking at differences between two different viruses — no-one’s probably
going to worry about it. Maybe in five or 10 years when I've actually got a

" plant that’s fesislanl to the virus; then they’d love to know like, oh, the plant’s
res.lstanl But I don’ t think every pro_lecl can be presented to the public..... It

has to be interesting or no-one is going to listen. (Steven, Oclober 12,2001)
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F u:dmg 2: The major ny of doctor: al .smden!s had commumcared their research wuh _
” félfow scientists. The rwo .srudems who had been fnva!vea' in pubhc engagement

acm’mes e'cpressed pos itive views of pubhc engagemenr

The doctofal students were also asked if they felt they .had received any science
communicaiion tréining during their undergraduate or postgraduate years 0T study.
Five of the .studcnts indicated they felt their undergraduate bi'btéchnology program
had not provided them with any I"orm.oflrainin.g, in science c'mﬁmunicalion. Two
indicated they felt their degree had provided them with “some” training, but when
the time came fo present their doctoral research they did not feel this training had
adequately prepared them to give their talk. Rebecca stated “Presentations are also
something we did do quite a bit around that period we had the [first year]
course...... but I wasn’t prepared to get up in front of people” (November 14, 2001).

~ When asked about their postgraduate science communication lréining, npné of the _
doctoral students interviewed had completed the generic communication skills
course available and none planned to enrol. Two of the students were unaware the
course existed. They had discussed public engagemém with their supervisor, but had
not been enclo'uragéd to ¢nrol in tlgé communication skills course. Five of the seven
doctoral students, however, indicated they perceive the ability to work independently
of their supervisors to be part.of their training. Georgie said “Until I realised that
everything has to be done by myself, then I wasn’t really worried about that. But at -

§ the beginning it was a bit hard for :ﬁe“_(November 23, 2001). Susie stated:

I'm basically on my own unless [ need _help. .. Sometimes there’s a bit of a
laék of communication but he’s never said ‘No | cah‘t see you’. But it has to
be my own initiative, But I guess that is part of PhD training. (Susie, October
4,2001) | |

F mdmg 3: The doctora! .studems expressed the view that rhe:r undergraduate

training did not prepare rhem Jfor communicating with scientists or non—sc:ennsfs
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While many were awar e of rhe pos!graduare generic s}ctﬂs !rammg available, none
Imd enmh’ed or pfanned to enrol. None had been encauraged to enrol by :he:r
supervisors although many expressed the view that rhar_workmg mdependenﬂ ly of

their supervisor was an imporiant component of their doctoral training.

4.3 Early-cafeer Biotechnologists’ Expericnce of Science Communication and

Science Communication Training

In their interviews, the six early-career biotechnologists were asked to describe any

_ éxpér"ience they had in communicating their research and any science communication
training they___had received. They were asked if they felt their undergraduate degree
had prepared them for cdmmunicating,' and if they had been provided with any

- science communication training since gréduating. To determine if training'and
experience in science communication has any h#aring on how equipped the early-
career b:olechnologlsts fee! with respect to science communication, the early-career
biotechnologists were also asked to describe how cqulpped they I'eel to communicate
both the technical aSpecls of their research, and the social and ethical implications of

their research.

When as.i(ed to describe any science communication activities or programs they had

~ been _invblve'd in, four of the six early-career biotechnologists indicated they had
little or no formal experience in communicat'ing with non-scieﬁtisls. Their area of
e_mplo.ymenl,- Iength of emplﬁymcnt, and/or qualifications of the early-caréer
btotechnologists did not ap.pear to impact on their participatidn in public engagement

activities (see Table 5).
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_Table 5
L‘arbi—career Brofechno log:srs Position of Emp onmenr Qua!g“ cations and Sc:ence

Communication Experi :ence

Early-career Pbsition ' Yearsof - CQualification(s) Science

Biotechnologist _ ‘Employmentas - = Coermmunication

S Biotechnologist ' ) Experience

(YIN) -

Linda Forensic 4 BSc MBA Y.

_ : - Scientist . o

Anne-Marie Biotechnology 5 BSc Hon PhD N

: : Technical : '

. Assistant

Mary Forensic 4 BSc Hon "N
Scientist _

Matthew Biotechnology 2 BSc Hon N
Technical : '

_ Assistant _

Rosie ~ Medical 4 - BScHon Y

. Scientist o : S
Natalie - Environmental 4 BSc Hon N

Biotechnologist

Of the 1wo early-carcer biotechnologists who did report having experience in
communication with non-scientists (Rosie and Linda), ohly one of these was required
to communicate as part of her emi:aloyment. Rosie’s job as a medical scientist
requires her to recruit palienis, and she indicated she éonimunica_tes regularly with a
variety of patients and clinicians. She stated “Most of the communication [ do is
explaining what we do to the lay people. 1 mean, I. work in hospital so I would be.
explaining what we’re doing to patients and trying to get them to understand what

- we're doing and understand why we’re Idoing what we’re doing” (February 28,
2006). | -

In contrast to Rosie whose job involves an intrinsic communication component,

~ Linda’s position as quality assurance officer within a forensic laboratory dogs not
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require her to cbmmuni_cate to audiences broader than her fellow scientists. However
Linda indic'a_te.d in her interview that she volunteers to talk about forensic DNA -

_ technology at lectures for both the public and undergraduate science students, While
she see.ks out these roles, she fepresénts her company when she provides these
lectures, and is therefore supported by her employer in this role through the provision

of work time to prepare and present these lectures.

F :'ndr‘ng 4: One third of the early-career biotechnologisis have been involved in
science communication activities directed towards public engagement either as part

of their employmenr or of fheu own accord

When questioned about their science comtﬁu_nication training, all .of the early-carcer
biotechnologists indicated that they felt the undergraduate biotéchnology program
had not provided them with any form of training in this area, Linda, while
acknowledgiﬁg that she had been provided with some coaching in how to give oral
presentations in her undergraduate units, noted that these presentations were often

avoided by her fellow students without penalty:

The problem was, even with those oral presentations, there was ways you
‘could get out of it for those people who really didn’t want to do it, Like yo.u‘cl
get in a group and then just be the one who sits back and changes the
Overheads...solyou could avoid it. So that was a bit — | wouldn’t say that was

~ really good training necessarily. (Linda, November 22, 2005)

When asked if they had been provided with any form of science communication
training since graduating from their undergraduate biotechnology program, four of
the six early-carcer biotechnologists indicated they had not. The two exceptions,
Rosie and Linda, were the two carly-career biotechnologists who indicated they had
some experience in science communication. Rosic indicated she had had some “on-
' lhe;job training” in how to recruit patients by her supervisor, but fclt this training |
was limited (February 28, 2006). Linda, in contrast, indicated that she had had

significant science communication training since graduating. Prior 1o her taking on
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her currgﬁt forensic qual_ity assurance role, Linda indicated she had voluntarily
imdcrtaken a media awareness course run by the Australian Broadcasting
Commission for science researchers on how 10 promote their research through the
mass media. While her attendance at-this course was supported by her employer -
through the provision of time to attend the course, it was not organised as part of
Linda’s workplace pro.fessional development. Linda applicd to attend this course

independent of her workplace. She stated:

I think that’s [the media training course] pro'bah'ly taught me a lot about what

sé_ientists need to get into...lt wasn.’:t at all about how to become a science

communicator. It was ai)out how to get your science into the .medié, what each
-of the forms is looking for, And so, I méan, that was really, that was fantastic;

that experience there. (Linda, November 22, 2005)

R inding 5: None of the early-career biorechnofog:'sfs'express'é'_'d the view that fhe:'r
undergraduafe degrée provided them with any form of !rm'ninér: in science

“communication, and few had been provided with any rrainiﬁg }'n this area since

graduating, The two early-career bio!échnb!ogisrs who had been given training in

this area were actively involved in science communication, one as part of her work.

Wken asked to describe how eqﬁipped thcy felt to communicate their research, Linda
and Matthew indicated they feit well equipped to communicate both the technical
aspects of their research and the social and ethical implicati_ons of their research with
‘non-scientists. Matthew expressed the vieW that his scienc.e colm'munic_ati.on skills _
and confidence came not from his biotechnology training but from his prior
expérienc_e as a sports coach ahd as a small business operator (he ran his own.
 electrical business for 20 years prior to commencing undergraduate studies in

~ biotechnology). Despite indicating he felt he had thése skills, however, Matthew
reported little science communication experience in his role as technical officer for a
‘high school teaching laboratory, other than running extension courses in

 biotechnology for advanced science students in high schocl.
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~ Three of the early-career biotechnologists, Natalie, Rosie and Mary, felt equipped to
‘communicate the technical aspects of biotechnology but not the sociﬁl and'.ethic._alﬂ '

- implications. Natalie indicated that at this ezirly stage of her career her choice of
employment had been based primarily on economic imperatives, rather than a
conscious decision to work in a particular area after consideration of the social -

and/or ethical factors related to that research area, She stated:

Most of the jobs that I've taken, prior folétaning my PhD, I took because the
job was there and I needed the money. So not because | hjad a, you know, |
 had to think to myself is this really the sort of job that I really want to do...So

1 think in sorrie' ways the economic”ir'nperative of making sure that you get a
-grant or that you get another job or whatever stops you really from thinking

those sorts of things. (Natalie, February 16, 2006)

Natalie felt she had not had sufficient opportunity to reflect on the social and ethical
_ implications of her work, and as a consequence she did not feel comfortable about

communicating with non-scientists about this side of her research.

Rosie felt she could communicate comfortably about the';technical. details of her
research, but felt uneasy about discussing the s_ociai and ethical implicat'ions of
btotechnology. Unlike Linda, her seience communication training did not extend
beyond public engagement at tHe technical level, and she was cohscious_ of “over-

stepping boundaries” and discussing biotechnology beyond her realm of experience:

~ Unless there’s a subject that I’'m really confident about [ pro'bab'ly wouldn’t
delve into a particular area. I'd probably direct them to someone who’s more
experienced or would deal with a subject every day...I probably wouldn’t be
that confident to go any deeper than the basics if someone approached me.
(R051e February 28, 2006)

Mary indicated she felt ill- equlpped to communicate either the technical or soc1al and .

“ethical implications of bxotechnology She did not report havmg any experience in
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science communication, did not see it as part of her job description, and did not feel

she had any been provided with any training in this area.

Finding 6: Though five of the six early-career biotechnologists expressed the view
that they equipped to engage with the public about the technical aspects of their
research, only three felt equipped to engage with the public about the social and
ethical implications of their research. Those who were provided with training in

science communication felt well equipped to communicate,

4.4 Lecturers’ Provision of Science Communication Training

The ten lecturers interviewed in the biotechnology program were asked to describe
the science communication training they provide to biotechnology students in the
course of their teaching, and if they were aware bf any other science communication
training offered 1o the students in the case. They were also asked to describe their
biotechnology lecturing experience (Table 6) and their experience in communicating
with non-scientists to see if their level of experience in these areas had any bearing

on their provision of science communication training to students.
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Table 6

Biotechnology Lecturers’ Position and Years of Lecturing Experience

Lecturer Position Years of Lecturing
Alan - Professor 30
Pierce Assoc Proff Biotechnology Program Chair 27
Hamish Assoc Prof/ Head of School : 27
David Assoc Prof _ 16
Owen Senior Lecturer No answer provided
John Senijor Lecturer 2
Gareth Senior Lecturer ' 17
James Lecturer 15
Abbey Lecturer 10
Richard Lecturer 15

All of the lecturers interviewed indicated they taught science communication to
undergraduate and postgraduate students in some form. For the majority (n=8), the
sole extent of this training was directed towards developing the students’ skills in |
communicating with other scientists, particularly how to prepare scientific reports.
One lecturer indicated he felt that too much emphasis has been placed on teaching
scientific report writing skills, and this could be redressed by increasing the level of

generic communication skills training in the undergraduate program:

There’s probably been within our school a bit of an over-emphasis on

scientific writing in terms of all the lab reports. We actually analyse the

number of lab reports a student might have generated over the course of a

three yéar degree — it’s just an enormous number. And if we’re just being

serious about that we’d say look, we’ve done an overkill on that, We should

be trying to identify ways and means of cutting that down so some units dbn‘t
- have that requirement, and instead they’d take on the responsibility of more

oral presentation skills or whatever, (Hamish, October 20, 2005)
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Only two lecturers, John and Abbey, delivered any material aimed at providing
undergraduate students with skills in hov\; to communicate with audiences broader
than their scientific peer group, Both of these lecturers acknowledged the training
they provided in science communication was “informal” and unassessed. Abbey felt
the students needed to be exposed to sufficient science communication training to

enable them to appreciate their civic science obligation:

I don’t do anything formally that is called science communication. However |
certainly model in teaching practices that I use, and encourage in the students
in whatever the activities are that we’re doing, that they must communicate
well. And that is one of the graduate a.ttr.ibutes to which we work for our
students, And I see as a scientist it’s really important because we're so
dependent upon acceptance and understanding. And if we want to be — I call it
a responsible citizen - whatever we do in our lives we should be able to share it

with others and be part of the community. (Abbey, October 20, 2005)

Finding 7: The majority of the lecturers claim they provide science communication
training in some form fo the undergraduate biotechnology students, but most restrict
this teaching to the delivery of material aimed at improving formal fepar! writing
skitls. The two lecturers who incorporate aspects of civic science into their teaching

do this informally and the material delivered is not assessed.

The lecturers were also asked in their interviews if, and where, they felt science
communication was taught to the biotechnology students in the case. While all of the
lecturers were able to identify units that provided the undergraduate students with
report-writing skills, none could identify where the students were taught to
communicate with non-scientists. This finding is not unexpected given none of the
lecturers reported providing any formal training in this area. When the lecturers were
asked specifically if they were aware the university offers biotechnology students an
elective unit in science communication, only three of the lecturers interviewed

(Richard, Pierce and Abbey) indicated they knew this unit existed. These lecturers
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were neither the most senior of this group, nor had they taught within the

biotechnology program the longest.

Richard indicated he knew very little about the unit other than its existence. For this

reason he did not promote enroiment in this unit to any of his students:

I’'m actually not even aware of what course it’s part of, but I’'m only aware
that it exists and it’s over there... Personally 1 don’t know any of our students
who have done that course or even are aware of it because I don’t think most

of the staff are aware of it. (Richard, October 13, 2005)

Pierce, the program chair of biotechnology is responsible for counselling students
about the composition of their degree program and their choice of elective units. He
indicated he recommends the unit to students seeking advice on possible electiﬂr es,
but finds the uptake of his advice to enrol in this unit very low. Abbey also indicated
she encourages her students to consider the unit for inclusion within their program,
but personally has reservations about the relevance of the course for biotechnology
students because it is not delivered from within the science division. She stated “It
comes out of an educational framework - the science teachers’ framework - and |
believe the emphasis is different than if I were to frame a course for science
communication for scientists” (Abbey, October 20, 2005). Abbey felt the low level
of enrolment of biotechnology students in this unit is linked to the low value these
students attribute to gaining science communication skills, especially those planning

to pursue mainstream careers:

It really depends what the competition is in terms of electives. Students like

to measure value in the units that they buy and it really depends how we sell

that value and what value we provide.....For the individual student at under-

graduate level the value [of science communication] will not be immediately
" apparent.....They like to be able to say *I've done this sort of molecular

biclogy, I’ve done this sort of cell culture, I’ve done this sort of physiology’,
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50 that they have a package when they go for jobs. They can say they’ve done
things. It depends where they think they’re going, For some peoplé [students]
science communication may be a good package, but for the average person
who sees themselves down a research training pathway, it mightn’t be a good
selling point. (Abbey, October 20, 2005)

Finding 8: All lecturers were able (0 identify where in the undergraduate program
the students are offered training in report writing skills, but none could identify
where the students are taught the skills required for public engagement. Only a
minority of the lecturers were aware the university offers a unit in science
communication. Only two lecturers recommend this unit as an elective to the
students, and one of these lecturers expressed reservations abour_rhe value of the

unif.

The lecturers were also asked in their interviews to describe their personal

- experience in science commﬁnication, in particular, any activities ihvolving
engagement with non-scientists, The purpose of this question was to determine if
participation in science communication has any influence on delivery of science
communication training by these lecturers. Half of the lecturers (n=5) indicated they
had some experience in this area, Four lecturers described significant involvement in
communicating with non-scientists including interactions with the mass media,
liaison with policy-makers and government departments, school students and the
general public. Two of these lecturers were John and Abbey — the only lecturers who
indicated they taught communication skills beyond peer communication (albeit
informally). The other two lecturers who indicated some experience in science
commiunication (David and Alan) described only limited experience in
communicating with non-scientists. David felt most of his communication with non-
scientists was “ad hoc™ (February 16, 2006) and Alan felt his science communication
efforts were often directed more towards “the policy level than the putlic

consumption fevel” (December 9, 2005),
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Five lecturers indicated they had little or no experience in communicating with non-
scientists. Richard, who does not teach any science communication skills to his
students, indicated he has no experience in communicating science to anyone other
than the scientists in his immediatc area of speciality. He indicated that
communicating with non-scientists was not even in his consciousness prior to the
interview, and qualified all his comments with the pfoviso that his views did not

come from an informed position:

I’'m very limited in terms of communicating with anyone in the community
other than narrow scientists in my field of science. My experience in science
communication is minimal and not something that features at the front of the
consciousness even in the process of being a lecturer here. Which is
surprising and a little bit shocking. But that’s the reality. (Richard, October
13, 2005)

Richard indicated that while he felt comfortable teaching students how to
communicate with their peers, he did not deliver any material related to how

scientists can engage with the public as a direct result of his inexperience in this area:

But in terms of by the means, the training, the education in wider science
communication — no. And one of the reasons would be that I’ve no skills or
expertise or training in that myself. So 1 would not see myself as being

necessarily able to do that. (Richard, October 13, 2005)
Finding 9: The lecturers’ experience in science communication was variable, Those

with extensive science communication experience were more likely to include civic

science training in their teaching practice.
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4.5 Science Communicators’ Views of Science Communication Training for

Biotechnologists

To prdvide an external perspective of the science communication training that
undergraduate biotechnology students receive, the seven science communicators and
three science communication lecturers were asked to comment on their views of the
science communication training that biotechnologists currently receive as part of
their degree programs. They were not asked to comment specifically on the degree
program in the case study. These participants were also asked to describe their
experience in teaching science communication to determine if their viewpoints came

from a perspective informed from expetience (Table 7).

Six of the seven science communicators did not feel sufficiently qualified to
comment about the level of training that biotechnologists receive in science
communication as they had no involvement in the undergraduate or postgraduate
training of biotechnologists. Onl.y Erin, a science communicator with prior tertiary
sctence teaching experience, provided a response to this question. Erin, who
described the science communication training she embeds in her nanoscience
lectures as “informal” indicated she fell the leve! of training provided to
biotechnologists, and science students more generally, was “insufficient” (November
28, 2005).
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Table 7

Description of Science Communicators ' Current Employment

Science Communicator Position

Chloe Biotechnology Project Officer

Jane Manager Science Communication Business
Sarah Community Relations Officer

Oliver Science Education Officer

Nic'ky Science Education Officer

Erin Nanotechneclogy Lecturer

Wendy | - Science Outreach Project Officer

When the science communication lecturers, Tess, Charles and Cate, were asked to
comment on the level of science communication training that science students
receive at the tertiary level, all responded to the question. Tess indicated she felt
biotechnologists learn how to “spin™ their science 1o interested audiences rather than
engage in dialogue (October 18, 2005). Cate and Charles’s comments concurred with
Erin’s (science communicator) view that the level of science communication training
provided to undergraduate science students is insufficient. Cate felt the level of
training provided to molecular biologists was particularly “below standard” and
indicated that she feels science lecturers often believe that making their students give
~an oral presentation is all that is required for communication training (October 27,
2005). Similar to the response of Linda (early-career biotechnologist), Cate
emphasised that the requirement for an undergraduate student to give an oral
presentation alone does not constitute science co_mmunicatiori training, Cate also
indicated that the lack of critical evatuation of these presentations made it very

difficult for the students to build on their communication skills;
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A lot of the lecturers in those areas will tell you that they do it in their own
uni.ts anyway. You know, they’ll tell you ‘Well, we do, you know, our students
learn how to give a talk®. They have to give a talk but they never give them any
feedback. They don’t train them how to give a talk, give the talk, then get
feedback and then give them another go...That’s not really training people,
improving their skills just because they have to do it. They might be horrible at
it but - and then no one ever tells them how they could do better, So, you
know, | think it’s — my guess is, but it's just a guess, is that their
communication training for biotechnologists is below standard. (Cate, October
27, 2005)

Finding 10: Science communication lecturers believe the level of science

communication training provided to biotechnologists is insufficient.

4,6 Conclusions

Overall, the resulis presented in this chapter suggest that the current state of science
communication training for the tertiary biotechnology students in the case study is
limited. Very few of the students expressed the view that their undergraduate or
postgraduate biotecgflology degree program provided them with any form of science
communication training, fet alone training in how to engage audiences broader than
their peers, In addition, very few of the students were aware of the communication
skills training available to them. While the undergraduate biotechnology students are
able to enrol in a unit in science communication specifically designed to generate an
understanding and appreciation of the importance of public engagement, none of the
students surveyed had completed this unit, very few indicated an interest in enrolling
in this unit, and many were unaware the unit is offered by the university. At the
postgraduate level, while the students are offered generic communication skills
-training, none of the doctoral students surveyed had completed the training course,
none planned to enrol in the course, and very few expressed the view that the course

would improve their science communication skills.
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The biotechnology doctoral students’ and early-carcer biotechnologists® perception
of a lack of science communication training within the program appears to be
accurate given the lecturers’ responses 1o questions about their provision of this
training. Very few of the lecturers were able to identify where in the biotechnology
program the students are taught communication skills beyond the provision of report
writing skills. None could identify where the students are taught skills in p.l;lb]ic
engagement, only a minority werc aware the university offers a unit in science
communication, and very few promoted the unit as a possible elective unit for the

biotechnology students to complete as part of their degree program.

The apparent absence of any form of formal science communication training for
these biotechnology students suggesis these students may not graduate {rom their
program and enter the workplace as competent civic scientists, that is, able to
demonstrate a clear understanding ol why science communication is important, well
equipped to communicate both the technical and social and ethical aspects of their
research, and aware of how scientist-to-scientist communication and public
engagement should be approached. The results of this section of the case study
sugpest the opposite — the undergraduate students have a limited understanding of
science communication and public engagement, half of the early-career
biotechnologists do not feel well equipped to communicate their research, and very
few of the doctoral students and early-career biotechnologists report communicating

their research beyond their scientific peer group.
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5. STAKEHOLDER VIEWS OF SCIENCE COMMU]’;ICATION

The following chapter addresses Research Question 2 and explores how the
sfﬁkeholder’ views of science communication may impact on lhé'lprovision of civie
science trziining for undergraduate and postgraduate students in-the biotechnology
program, In this chapter the stakeholders’ views of the communication of
biotechnology and biotechnologists’ role in communicating with non-scientists are
examined, Biotechnologists’ awareness of the approaches they. can, and should, take

to science communication is also explored.

To establish the importance of science communication to the stakeholders in the case
study, the second year undergraduate biotechnology students, early-career
biotechnologists and lecturers were asked to give their views of various aspects of
science communication, In the questionnaire, the undergraduate students were asked
for their views of what science cdmmunication should aim for, and how important
they rate the role of biotechnologists in public engagement. In their interviews, the
early-career biotechnologists and lecturers were asked for their views on public
engagement and how successfully they feel biotechnology has been communicated
with non-scientists. As access to the doctoral students was limited in this study, these

students were not asked any questions relaling to this section of results.

Interview data was also obtained from the science communicators and science
communication lecturers to gain an external perspeétive of the importance of science
communication. In addition to the questions asked of the early-career
biotechnologiéts and lecturers, the science communicators and science
communication lecturers were also asked a series of questions about

biotechnologists’ awareness of science communication best practice.

The data generated in response to these questions is presented in the following
section. In contrast to the previous section, the data for the early-career
biotechnologists and lecturers have been combined as these groups were asked

identical questions. Any notable differences between the views of the participants in
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these groups have been highlighted. Similarly, the data generated from the science
communicators and science communication lecturers have been combined under a

single heading.

5.1 Undergraduates’ Views of Science Communication

In the questionnaire, the 23 second year undergraduate biotechnology students were
asked a number of questions about their views of science communication and
.biotechnologists’ role in communicating with non-scientists, It was recognised that
the students could potentially have minimal understanding of science
communication, so the students were asked to mark their responses on adjacent

. rating scales. This would enable the students to indicate how they value specific
items in comparison to others. For example, rather than asking the students to
comment on the public understanding of science, the first of these continuous rating
scale questions asked the students to rank two items (i) how important they feel it is
that non-scientists understand the technical aspects of biotechnology, and (ii) how
important they feel it is that non-scientists understand the social and ethical

implications of biotechnology.

In response to this first rating scale question, most of the undergraduate students
surveyed (n=18) indicated that they felt both itemns were important by providing
rating scores of five or over. When these two iteins were compared, it was found that
the students ranked the “understanding of the social and ethical implications of
biotechnology research” significantly higher in importance than the ‘understanding
of the technical aspects of biotechnology research’ (Z=2.798; p=0.005). When the
reasoning behind these responses were explored in the follow-up interviews, three of
the students interviewed indicated they felt the communication of technical details
with non-scientists was less important than communication of the social and ethical
implications because non-scientists may find the technical details of research too

difficult to comprehend. For example, when asked why he rated the technical item
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lower than the social and ethical item, Sam said “It would just go straight over their

head whal you are talking about” (February 2, 2006).

The undergraduate biotechnology students were also asked in the questionnaire to
rate the success of a science communication activity according to four possible
oulcdmcs {improved awareness, understanding, debate or acceptance of
biotechnology products and processes by non-scientists). According to these
students’ rating scale responses, they do not draw any distinction of success based on
these outcomes (H=2.381; df=3; p=0.4905). In the follow-up interviews, however,
there was a clear indication that the most successful outcome of science
communication was the improved acceptance of biotechnology. Six of the seven
students interviewed staled this directly or indirectly by linking acceptance with the
outcome they rated as most successful. For example, two students linked the
improved understanding of biotechnology with improved acceptance. Jessica stated
“1 think they need to understand the social and cthical, so that we understand it, they
understand il and they allow us to do our work”™ (November 14, 2001). Nadine said
“Acceptance, | think, sort of shows more that they have understood and they are
happy to go with it.” (November 14, 2001).

Finding 11: The majority of the undergraduate biotechnology students indicated that
it was important far non-scientists to understand the technical, social and ethical
details of research. The rationale for this improved understanding was most

commonly an increased acceptance of biotechnology.

As well as acknowledging a role for science communication in improving non-
scientists understanding of research, the undergraduate students also acknowledged
the importance of biotechnologists taking an active role in communicating their
research (Figure 5). When asked 1o rate the importance of biotechnologists, science
communicators, government, journalists and campaigning groups in communicating
the (i) technical aspects and of biotechnology research to non-scientists, and (ii) the
social and ethical implications of biotechnology research to non-scientists,

biotechnologists were included within the most important groups for communicating
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both (H=46.217; df=4; p<0.0001 for the former, H=21.883; df=4; p=0.0002 for the
latter). Science communicators were also given the highest rating for communicating

biotechnology research.

The second year undergraduate biotechnology students were also asked in the
questionnaire to indicate who the intended audience for science communication
efforts should be. With the exception of journalists, the students ranked the public as
significantly less important targets for communication than the other groups listed
(Figure 6; H=62.959, df=5; p<0.0001). The follow-up interviews indicated that the
students saw communication with scientists, government and the biotechnology
industry as an essential part of a scientist’s job, as opposed to communication with
non-scientists and journalists which was seen as an “optional extra”. Jim indicated he

would only communicate with the public if approached by an “interested” individual.

Well, I think it is important to communicate to other people in the field but I
really don’t think it’s for the public unless they are interested...... I think it
would depend on whether the non-scientists were really interested. So |
actually wouldn’t say that they had to go out and actively tell them. The onus is
not on them to go out and tell people what they are doing, I mean why would
they do that? (Jim, November 14, 2001)

Over half the students interviewed (n=7) indicated they would restrict
communication with journalists because they felt they were biased and would not

accurately represent their views. Emma stated:

Journalists really don’t know that much about biotechnology and they also
would put their beliefs into what they write which is not right for it. They havg‘.
their own opinions that might or might not be correct. And people tend to .‘

believe what they write because they are journalists. (Emma, November 14,‘_.-'\
2001)
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. 5.2 Early-ca.reer Biotechnologists’ and Lecturers’ Views of Science

Communication

In their interviews, the early-career biotechnologists and lecturers were dsked for
 their views on how biotechnology has been communicated and the role that
biotechnologists should play in science communication. lfthe participants indicated
they felt biotechnologists did have a role to play in public engagement, they were
then asked to elaborate on whether they felt this role extended to communication
about the social and ethical implications of research or should be limited to the
communication of the technical aspects of research. This group was also asked if
they felt all biotechnologists should be involved in public engage_ment activities,

including those in the early sfages of their career.

5.2.1 Communication of Biotechnology with Non-Scientists

When asked how successfully they thought biotechndlogy had been communicated
with non-scientists, five of the six early-career biotechnologists, and eighi of the 10
lecturers indicated that they felt bioté.chnolo gy, on the whole, has been poorl;
-c'ommu.nic.atcd. The remainder of the individuals in these two groups indicated they
felt that th.c communication of biotechnology to non-scientists had been variable,
with some areas communicated more successfully than others. None of the early-
career biotechnologists or lecturers expressed the view that the communication of

biotechnology could be considered an overall success.

There was a clear indication from a number of the early-career biotechnologists and
lecturers that the .lack'of successful communication of biotechnology with non-
scientists was intimately linked, in their view, to the complexity of the discipline.
Three of the lecturers spoke of the “difficult concepts™, “complex issues” and
“complexity” associated with biotechnology, Pierce (lecturer) indicated he felt p_'art
of the difficulty in communicating biotechnology lies in defining exactly what

‘biotechnology is:
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B lhink_ people have difficulty getting their head around wfiét biotechnology
actually means. Ahd iﬁaybe 'that’e'because it’s a multi-disciplinary sort of

' science. It also has the commercial aspects, the commerce aspects of
marketmg and management embedded in it as well, And so [ think even the
students that come into biotechnology are often unclear as to what

~ biotechnology actually is, And so when the scientists themselves — or the
younger biotechnologists we train to be biotechnologists — are not sure what a
biotechnologist is, it’s then quite difficult to then communicate that to people

who are non-scientists. (Pierce, October 17, 2005)

Five other participants (1 lecturer, 2 early-carcer biotechhologists, 1 science
communicator) in the study at various points in their interviews also indicated that
the communication of biotechﬁoiogy has been inhibited by the difficulty in defining
biotechnology. Abbey (lecturer) stated “What is biotechnology? Its different things
to different people” (October 20, 2005), Anne-Marie (early-career biotechnologist)

also elaborated on the difficulties in defining biotechnology:

I hael a couple of students last year try and define biotechnology; There were
that many different definitions. So if we can’t get it straight how can others?
" (Anne-Marie, November 22, 2005)

Erin (science com’nn;ﬁicator) indicated that b_iotechnolog-y'was often confused with
genetic modi_ﬁcation. She stated “probably 90% of the population have heard the _
word bioiechnology before” but suggested many think biotechnology is synonymous
with genelically 'modiﬁed foods (November 28, 2005). Natalie (early-career

biotechnologist) expressed a similar view t.o_Erin:

This is one of the things that kind of annoys me about the term biotech,
because everydne thinks about modiﬁcatien. and DNA and things. But what I
do is biotech but no one would think that, you know. [ think the general public
wouldn’t think it was biotech because it doesn’t really involve DNA-based
resef_ir_ch. (.Nat_alie, February 16, 2006)
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. Two ear! y—career blotechnologlsts and one lecturer (Natalle Matthew and RlCh&I’d)
spoke of blotechnology communication bemg dominated by the “spin” generated by |
biotechnology compames Natalle (early—career blotechnologlst) indicated she felt
biotechnology commumcanon had been “PR driven” (February 16, 2006) Matthew _

(early-career blotechnologlst) and Richard (Iecturer) stated;

Tstill see there’s a fair bit of spin put on things, And [ think for quite a few
lay people, biotechnology is a very singular sort of item, It’s either stem cell
research and its bad or its GM culture and it’s bad. We don’t seem to be able
to give people a more broad view of things, balanced arguments as to
benefits. (Matthew, February 20, 2006)

It's quite a complex issue because there’s many drivers in there. One of the
strong drivers in biotechnology is the commercial side. So the biotechnology
companies, even in their communication will necessarily going to put a spin
on, and flavour it their way. And iike.wisc the active groups that are sort of
anti-biotechnolopy - all the different levels — will spin the message their way
and there’s not a lot of séiencc being communicated. There is lots. of myths

and legends and non-science, (Richard, October 13, 2005)

Richard’s.des'c-:ription of biotechnology communication as ;‘myths and legends”
(October 13, 2005) was a theme that was raised by eight other participants in the
study. Four lecturers, two carly-career "l"'-iotechnolt;gists, and three science
communicators at various stages in their interviews described biotechnology as being
“miscommunicated”, “misconceived”, “misinterpreted”, and “misunderstood”. There
was a clear indication from three participants that the public did not know the
“truth”, Hamish (lecturer) stated “the general community’s perception of science is
so often removed from reality” (October 20, 2005). Matthew (early-career
biotechnologist) thought biotechnology could benefit from “clearing away all the
shadowy ideas that people have about science;’ (February 20, 2006). James (lecturer)
felt lecturers should “tell the students the truth.aboul science” (October 17, 2005).
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- Finding 13: The majority of early-career biotechnologists and lecturers expressed
the view that biotechnology has been poorly communicated, in part as a result of

diﬁfcuhiés in defining biofuschnology. _

‘The early-career biotechniologists and lecturers were also asked in their interviews if
they felt biotechnologists have a role to play in the communication of biotechnology
to non-scientists. All agreed that biotechnologists have a role to play in public
engagement, but disagreed on whether this role should be.mandatory or not. Three of -
the ten lecturers felt this role should be compulsory for all biotechnologists,
including Alan (lecturer) who felt science communicétion should be mandatory
because “science is nothing unless it’s communicated” (December 9, 2005), Later in

his interview he expanded on this theme:

If you’re a scientist, if you don’t communicaté with other scientists you'rea
waste of space because o one ever knows what you know, whether you’ve
done published papers, you don’t give —- you don’t talk to anyone, you may be
absol.utely brilliant but you exist in a vacﬁum, you’re on your own. And to a
certain degree that applies to the commun.ity — that science does things an.d'

~ the community out there needs to know and hopefully support what they do.
(Alan, December 9, 2005) |

In contrast, the majority of the lecturers (n=7) and all of the early-career
biotechnologists expressed the view that all biotechnologists should not be required
to engage with the public, While they agreed that the bi'btechnology profession as a
whole needed to be répresented in some capacity by bioleéhnologists, they indicated
that individual biotechnologists should be able to refuse to participate in science
communication activities. They indicated scientists who are not comfortable with
communicating, or unskilled in communication, should not be “forced” to engage
with non-scientists, instead they should be able to “play to their strengths” and
remain in their laboratories doing research. Gareth (lecturer) described this as

choosihg “horses for courses” (October 20, 2005). Linda (early-career
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biotechnologist) stated “I think there are scientists who probably ar_'er_l’t good at it,

and so yeah, i_t’_s fine for them to stick to the lab rat mould”. Abbey (lecturer) stated:

Some of them will by nature be not good at that..lt'wo'uld be better to allow
the good communicators to répreserit the science - still being scientists - and
those who aren’t, keep them doing what they’re good at. People should work
to their strengths. (Abbey, October 20, 2005} | '

Three interviewees (one lecturer and two éarly-career biotechnologists) even
suggested that biotechnologists who are not skilled in communicating may present
more problems than solutions. They indicated that the involvement of unskilled
communicators méy be “problematic” (Matthew, ea.rly-career biotechnologist,
February 20, 2006) and result in “more problems, more cbnfusion“ (Anne-Marie,
early-career biotechnologist, November 22, 2005). Gareth (lecturer) indicated that he
felt biotechnology industry had made a “mistéke” in allowing biotechnologists to
communicate with non-scientists, and indicated it would always be preferable to use
science communicators as an intermediéry between scientists and non-scientists

when communicating biotechnology:

I think that a mistake again that the biotech industry made is that they didn’t
get those sort of specialist communicators. They got scientists to do it which
is not a good idea because scientists just get passionate about the science, not
about the communication. And they expect everyone else.to, you know, see
the same vision that they see. And it doesn’t work like that so you need.
someone who knows something about science but is a specialist

‘communicator, And not everyone can do that. (Gareth, O¢tober 20, 2005)

Three others (one lecturer and two early-career biotechnologists) also indicated that .
the involvement of a science communicator in the science communication process
may be beneficial, and at the very least biotechnologists’ role in communicating with
non-scientists should involve working with a science communicator as an

intermediary between them and non-scientists.
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Gareth’s portrait of researchers as péssionate, focused and disconnected individuals

- was a theme that emerged throughout the interviews with four other individuals from
this group. Owen (lecturer) described some scientists as “nerdy type people that get
involved in some tunnel of their scientific expertise” (December 14, 2005), David
(lecturer) indicated “they don’t like to do anything that takes them out from what
they’re focused on” (February 16, 2006). Linda {early-career biotechnologist), as
indicated in her previous quote, described laboratory based scientists as “lab rats”
and Anne-Marie (early-career biotechnologist) stated “It’s like the brilliant scientists
who can do the research, but when you get them to speak to someone you really
can’t understand what they're talking about” (November 22, 2005).

Finding 14: All ear!y;'(.'aree;' biotechnologists and lecturers agree that
biotechnologists have a role to play in public engagement, but their views varied on
whether civic science should be compulsory for all biotechnologists. The majority
indicated that biotechnologists should be able to refuse to pariicipate in science
communication activities. Some indicated that professional science communicators
should be involved, and others expressed the view that scient_isrs " involvement could

be problematic if the wrong scientist was chosen to represent the profession.

- As well as being asked to comment on whether they felt biotechnologists had a role
to play in the communication of biotechnology research with non-scientists, the
carly-career biotechnologists and lecturers were also asked if they felt
biotechnologists had a role to play in the communication of the social and ethical
implications of biotechnology with non-scientists, Most of the interviewees (n=13),
with the exception of one lecturer and two early-career biotechnologists, indicated
that they felt biotechnologists have a responsibility to be involved in this form of

public engagement.-

The reasons provided for why biotechnologists should involve themselves in
communicating about the social and ethical implications of their research were
varied. One interviewee (Hamish, lecturer) saw the social and ethical implications of

research as an integral component of research that should not be separated from the
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technical details of research at any stage of research, including discussion of research
and its outcomes. Two others (James and Alan, both lecturers) indicated that the
communication of the social and ethical implications of research was particularly
important in biotechnology because of the potential the discipline has to impact on

the community. Alan stated:

I think .scientists should in whatever they do, whatever area they are, try to
understand the social and ethical implications of what they do and
ramifications. And, [ guess, if there’s a failing within science education
overall it is that the system for quite some time - and particularly I think the
Australian sysiem quite historically - has bred technocrats rather than
scientists, And so they don’t spend a lot of time thinking about philosophy,
ethics and all those areas...... In biotechnology it’s somewhat more important
than potentially in some other areas is because of its greater potential impact
on the social, ethical, health, the whole gang — it’s a thing that’s focussed

very much on affecting human lives. (Alan, December 9, 2005)

Another interviewee (Pierce, lecturer) felt communicating with non-scientists about
the social and ethical implications of biotechnology allows the technical details of

research to be contextualised and therefore beiter understood;

I think it has to be both and I think that’s perhaps the best way to capture
people’s imagination about biotechnology. If you just present it as some sort
of arcane new technology or whatever, I think it turns a lot of people off but
if they can see the relevance of it to, you know, social things, to, you know,
their particular lifestyle — how is it going to affect me - then it makes it more

real, (Pierce, October 17, 2005)

In contrast to the majority who indicated that biotechnologists have a responsibility
to communicate the social and ethical implications of their research, three
interviewees (one lecturer and two early-career biotechnologists) indicated they felt

biotechnologists should restrict their communication with non-scientists to technical
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details. The lecturer John, felt biotechnologists’ role in communication should
involve a “very clinical” report of the technical details, and political, ethical and
social debate should be left to others. He stated “I don’t think it’s the
biotechnologists’ job to do” (Octoﬁer 13, 2005). Rosie, one of the early-career
biotechnologists opposed to biotechnologists’ role in science communication also
stated “I probably wouldn’t say the biotechnologist is totally responsible but they do
have a certain level of responsibility to, you know, inform the public and to reassure

them that we’re not playing God in that sense” (February 28, 2006).

Finding 15: The majority of the early-career biotechnologist and lecturers indicated
that biotechnologists should be involved in communicating with non-scientists about
the social and ethical implications of their research. Many felt this aspect of

communication should not be separated from the technical aspecis of research.

The early-carcer biotechnologists and lecturers were also asked to comment on
whether or not they felt early-career biotechnologisis have a role to play in the
communication of biotechnology with non-scientists early in their careers. Fourteen
of the sixteen interviewees indicated that early-career biolechnologists have a
contribution to make to science communication. Richard (lecturer) felt that early-
carcer biotechnologists in particular, should be encouraged to take on this role
because they were “closer to the community” than more senior biotechnologists
{Qctober 13, 20035). Three lecturers felt they may need to take on this role if required
to represent their laBoratory or if they were in a position of leadership. Two of the
more senior lecturers (Alan and Hamish) felt there may be issues with credibility, but
each of these interviewees acknowledged that there was a trade-off between

credibility and being seen as partisan. Alan stated:

Somebody late in their career, you know, Professor this or head of that, can
also be seen as being partisan for that area. Whereas an early-career one
doesn’t belong to anyone yet so there’s a balahce between that. Yes,
obviously there’s a greater authority and greater knowledge of people further

on in their career and they obviously would carry greater weight for
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politicians, et cetera. That's where that credibility is important. But on a one-
to-one sort of basis at the community level it may be actually the younger
ones who have indirectly more credibility or less baggage — that’s a balance
between the two. (Alan, December 9, 2005)

The two interviewees who did not feel early-cafeer biotechnologists have a role to
play in communicating with non-scientists, Mary and Anne-Marie, were early-career
biotechnologists themselves. Mary felt this form of communication should be left to
more “advanced” biotechnologists (February 28, 2006). Anne-Marie felt early-career
biotechnologists are too inexperienced to communicate. She stated “the junior
scientist rieeds to learn their craft before they can communicate it accurately”

| (November 22, 2005).

Finding 16: The majority of the early-carcer biotechnologist and lecturers indicated
that early-carecr biotechnologists should be involved in science communication. Two
lecturers felt the perception of these early-career scientisis as more partisan would
counterbalance any perception of them as being too inexperienced and
 underqualified (o represent the profession. although two early-career
biotechnologists felt this would not be the case and public engagement would be

better underiaken by more senior scientists.

5.2.2 Biotechnologists’ Efforts in Communicating with Non-scientists

The early-career biotechnologists and lecturers were also asked if biotechnologists
need to improve the way they communicaie their research, and if they indicated yes,
they were then asked to suggest how these improvements could be made. All of the
interviewees agreed communication between biotechnologists and non-scientists
needs to imprdve. Only four individuals (two lecturers and two early-career
biotechnologists) however, were able to suggest how these improvements could be
made. Richard, a lecturer with little science communication experience, indicated he

felt communication could be improved simply by increasing the level of
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biotechnologists” participation. In direct contrast to this, Abbey, a lecturer with
significant experience in science communication, indicated she felt simply increasing
biotechnplogists’ participation would not be sufficient, She felt biotechnologists need
to improﬁe both the frequency of their civic science activities and their science

communication skills,

Half of the lecturers and two of the early-career biotechnologists indicated they felt
the communication of biotechnology could be improved. They indicated that non-
scientists should be better informed about biotechnology, non-scientists’
understanding of biotechnology should be increased, and public misconceptions
about biotechnology should be rectified. Rosie (early-career biotechnologist) stated

“The more correct information there is out there, the better” (February 28, 2006).

Two of the most senior lecturers, David and Alan, both with significant research
portfolios, indicated they felt biotechnologists needed to improve their science
communication efforts for the benefit of the discipline. They felt improving public

éngagement would lead to better funding of biotechnology research:

They have to improve both [communication of the technical aspects of
research and the social and ethical implications] to get support for their field
further on in life, But also,' you know, to justify how the money is spent and
there’s more accountability for everything so you can't just take the money
and do the work like a hobby. You’ve really got to explain now why you
think it’s important, what you think you’ve achieved and what the benefits
are. {David, February 16, 2006)

In this case it’s kind of self serving — we’ve got to go and get the boys on our
side so we get more money. Well, in very much the same way we’ve got to
get the community on side to gain more resources... I do believe an informed
audience is always the better one than an uninformed one. (Alan, December
9, 2005)
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Finding 17: All of the early-career biotechnologists and lecturers agreed
communication between biotechnologisis’ and non-scientists needs (o improv'e. The
most commonly suggesied area for improvement was increased public understanding

and awareness of science.

5.3 Science Communicators’ and Science Communication Lecturers! Views of

Science Communication

The science communicators and science communication lecturers were asked the
same questions about the communication of biotechnology as the early-career
biotechnologists and lecturers, They were asked in their interviews if they felt
biotechnology had been communicated successfully, whether biotechnologists have a
role to play in the communication of biotechnelogy to non-scientists, if this role
should extend to communication about the social and ethical implications of
research, whether early-career biotechnologists should be involved, and if and how
biotechnologists can improve their science communication efforts. This group was
also asked a series of additional questions about how biotechnologists should

approach science communication.

' 5.3.1 Communication of Biotechnology with Non-scientists

Like the early-career biotechnologists and lecturers, this group of participants all

~ agreed that the communication of biotechnology could 1.0t be considered an overall
success. Two of the science communication lecturers were highly critical of the way
biotechnology has been communicated with non-scientists. Cate stated that she felt
biotechnology had been communicated “appallingly” (October 27, 2005) and Charles
stated that “science has got this terribly, terribly wrong” (November 11, 2005).

Tess (science communication lecturer) and two other science communicators felt

public engagement in this area had _béen poor overall, and the remaining five science
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. communicators felt that some areas of biotechnology had been cothmunicated |
successfully and others had not. Linda (science communicator) stated “It’s a bit hard
to gauge really — it depends on what you’re talking about” (November 22, 2005).
Chloe (science communicator) indicated she felt biotechnology had been promoted
very well to those “that want o hear” about biotechnology, but feli communication
about biotechnology has suffered from a lack of “balanced” perspective (December
12, 2005).

Throughout the interviews and across the 'participant groups
accessing balanced information about biotechnology is diffidult, was noted in the
responses of five other individuals from various participant groups (thrée lecturers,
one science communicator and one early-career biotechnolpgist). Matthew (early-
career biotechnologist) indicated he felt biotechnology waj either seen as “stem cell
research and its bad or its GM culture and its bad” (Februlbry 20, 2006). He felt
people were not given a “broad view” of biotechnology. Abbey (lecturer) folt the
press coverage of bioteéhnology had reached the point \;:ere the science content
“almost has to be a freak show for it to get into the headlines” (October 20, 20035).
Richard (lecturer), as previously quoted, felt that scierfce communication had been

lost in the battle between biotechnology companies and anti-biotechnology lobby

groups. Owen (lecturer) and Erin (science communigator) stated:

[ think it’s polarised. It 1s the good biotech anhd the bad biotech. It’s not well
balanced. The public would have typically /Yes, we need this, this is going to
save cancer problems, AIDS and whatevef'{’ or they say ‘This is going to kill us;
this is genetically modified bugs’, And vould find it rare that someone has a
balanced view. (Owen, lecturer, Dccen}{Jer 14, 2005)

/
There have been a lot of interested pe{rties who’ve communicated biased
messages ....and I think that’s probdbly the fault of the scientists that in some
ways the biotechnology communiy_{r let the interested parties... dominate the
debate. And, still to this day, I re%lly don’t think I can recall a single

biotechnologist who has come qét and concertedly made an effort to say ‘Hang

/

/o



on, let’s look at this from a balanced perspective’ (Erin, science éomm’unicator,
November 28, 2003) |

Finding 18: All science communicators and science communication lecturers
expressed the view that biotechnology has been communicated badly. The science
communication lecturers were particularly critical of science communication overall
in this area. Six interviewees indicated that the public find it difficult to obtain
balanced information about biotechnology due to the preddminance of biased

information provided by biotechnology lobby groups.

Unlike the early-career biotechnologists and lecturers, the majority of this group
(eight of the ten) indicated that they felt every biotechnologist should play a direct
role in communicating their research with non-scientists. Erin (science
communicator) felt they should communicate “whether they want to or not”
(November 28, 2005). Jane (science communicator) indicated she felt all scientists

had a responsibility to communicate:

[ think we all have to re-conceive of this idea that, that only some pe_dple are
communicators in this. Because actually everybody is, everybody is... The
idea that they’re not is ridiculous. We've got to get our heads around that,
(Jane, November 15, 2005) |

Sarah, science communicator and community relations manager for a university,

stated:

I think most scientists very much live in a silo where they’re working on their
- research.....They might know the work within their research group and they
don’t sort of think beyond that, but there are lots of opportunities out there for:
scientists to engage in the public debate if they have the confidence to, and
also share their, share their work with at least people within, you know,
within their research community, at least kind of keep their name out there,

They don’t have to be kind of constantly out there sprﬁiking their research
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like salesmen, but they do have to have - they do have a responsibility for,
particularly if they’re publicly funded, they have a responsibility to share that
stuff. (Sarah, November 4, 2005)

The remainder, while agreeing that biotechnologists as a whole should be involved in
communicating the technical details of research with non-scientists, felt individual
biotechnologists should be given the right to refuse to participate in science
comrunication activities, Chloe (science communicator) indicated she felt
biotechnologists should be allowed to focus on their strengths and only communicate
if they are disposed to. She felt that biotechnologists should not be any more

responsible for the communication of their work than any other professional group:

Why is it that we have this need for science communication but we don’t
have this need for political communication or accounts communication or

~ legal communication, like why don’t we have those people out there who
actually translate the other facets to our lives that some of us are oblivious to
know about? So, 1 don’t feel there’s a humungous need for biotechnologists
1o actually go and learn communication themselves. I think people have
strengths and I think they should focus on their strengths. If their strength
happens 1o be communication that’s a great asset and you can certainly
facilitate everyone elsé, but I don’t see why they need to be all rounders.

Other professionals aren’t all rounders. (Chloe, December 12, 2005)

Cate (science communication lecturer) indicated that she felt that a mandated science
communication role for every biotechnologist was not nec.essa'i'y, and the choice to
pursue a laboratory role exclusively is legitimate provided these researchers do not
inhibit the communication of science by their peers who choose td communicate

their research:

[ think that there are some who are just very traditional and old school in their
approach and ivory towerish and, you know, ‘We should just get on with our

work and the public should just trust us because’. And they don’t even think
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about it,-THeyjust think, you know, ‘We know what we’re doing, we’re
trained. Let us just get on with our Work’. And that’s probably the best
approach for funding some scientists. Let them just get on with their work.
There are some people who have no big picture of where science fits in society.
They’re just — they might be excellent researchers and they might, you know,
do some great things but just, you know, let them be on the peripheral, just get
on with their work. Fair enough. As long as they're not an impediment to how
science does fil into society and, you know, as long as they’re not in a position
where they can block, I think, the really critical role for science communication
to happen. You know, they might not be a good ambassador or a good
communicator and that’s fing because everyone isn’t going to be. (Cate,
October 27, 2005)

Two science communicators also agreed with the three early-career biotechnologists
and lecturers who indicated they felt that biotechnologists who are not skitled in
communicating may present more problems than solutions, Erin described the
difficulties involved in science communication when the biotechnologist involved is
a poor communicator and recommended that “Everyone should have the opportunity
to do what they want - so if you’ve got somebody who wants to do that, provide
them the skills and experience. But don’t let a rogue trader loose” (November 28,
2005). Sarah felt there is an inherent danger in allowing all biotechnologists to
communicate as some may “overstep the boundaries of where their research 1s”
(November 4, 2005). She felt it would be preferable to use science communicators as
an intermediary between scientists and non-scientists when communicating

biotechnology with non-scientists.

Finding 19: The majority of the science communicators and science communication
lecturers indicated that all biotechnologists should be involved in science

communication, but recognised their varying capacity and interest in civic science.

The theme of researchers as passionate, focused and disconnected individuals was as

evident in this group of participants as it was in the early-career biotechnologist and
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lecturer group. Four of the science communicators and one science communication
lecturer made statements expressing this view, Chloe (science communicator) spoke
of researchers as being legitimately disinterested in science communication as a
result of their “laser-like focus™ on research (December 12, 2005). Oliver (science
communicator) .spoke of scientists becoming'more “isolated” the longer they were in
the profession (October 25, 2005), and Sarah (science communicator) stated “I think
most scientists very much live in a silo where they’re working on their
research....They might know the work within their research group but they don’t sort
of think beyond that” (November 4, 2005). Erin (science communicator) stated “I
don’t think scientists in the whole are very well rounded” (November 28, 2005). She
later stated “I mean, I work in a research centre where the CEQ, managing director,
is quite articulate and very, you know, well versed on the social and technical and
policy and, you know, the whole, good rounded picture. But if | was a marketing
manager or a person in authority | would be concerned if he spoke to the press”. Cate
(science communication lecturer) while acknowledging that her views are a gross
generalisation, nevertheless described scientists as too busy with their research to
spend time “thinking about the moral and ethical implications of their own research”
{October 27, 2005).

Finding 20: Ten of the 26 interviewees (three lecturers, two early-career
biotechnologists, four science communicators and one science communication
lecturer) described researchers as passionate, focused and disconnected individuals.
This was cited as a reason for why not all scientisis may want to engage with the

public and why civic science may not be suited to all scientists.

In direct contrast to the early-carcer biotechnologists and lecturers who indicated the
involvement of a science communicator in the science communication process may
be beneficial, three of the science communicators (Jane, Oliver and Nicky) indicated
they felt the direct involvement of all biotechnologists in science communication wés
the best option. A number of drawbacks in using intermediary science
communicators were identified, the most predominant objection being the lack of

trust in the communicator. Jane and Oliver staled:
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I think there’s real value in talking to the real deal. People don’t want to deal
with an intermediary. They want to — we need a human face to it. We need
to understand that there are real people. doing real research. The danger with
a lot of these things, when there’s decisions to be made, is that people
abdicate the responsibility, They see it to some sort of nameless faceless kind
of person. And I think it’s really important for people’s own perception of
their responsibility — whether it’s on water or whether it’s on whether we use
antibacterial soap or whether it’s on biotech — that we see other real people as
being responsible. We don’t - if it’s a nameless faceless bureaucracy - we
don’t tend to then go well, they're responsible, so am [, But if it’s a real

person then | think that’s important. (Jane, November 15, 2005)

And I think the public really want to hear straight from the horse’s mouth. If
you have too many intermediaries in there, there’s the real danger that it
becomes, that the public perceives it to have been spin doctored. Whereas if
they can actuaily hear it — ybu know, what scientists understand and believe -
and hear the passion, I think, that some of the scientists have, is really
important. (Oliver, October 25, 2005)

Finding 21: Three science communicators were all able 1o identify reasons why the

direct involvement of all biotechnologists in science communication is important and

why the replacement of scientists with science communicators can be problematic in

public engagement.

As well as asking the science communicators and science communication lecturers to

comment on whether they felt biotechnologists had a role to play in the

communication of biotechnology research with non-scientists, the participants were

also asked if they feel biotechnologists have a role to play in the communication of

the social and ethical implications of biotechnology with non-scientists. As with the

early-career biotechnologists and lecturers, all of the science communicators and
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science communication lecturers indicated that they felt biotechnologists have a

responsibility to be involved in this form of communication,

The reasons provided for why biotechnologists should involve themselves in
communicating about the social and ethical implications of their research were
varied, Wendy (science communicator) agreed with lecturer Miké, that the social and
ethical implications of research are¢ integral components of research that should not
be separated from the technical details at any stage. The most common reason given,
however, for supporting biotechnologists’ involvement in communicating the social
and ethical implications of their research with non-scientists was that it would
provide the biotechnologists with an opportunity to reflect on, and acknowledge,
their own practice. This view was most prevalent in the group of science
communicators and science communication lecturers, with five commenting on the
benefit of self-reflection inherent in communicating the social and ethical issues
related to biotechnology. But this theme also emerged in the responses of the science
communication lecturers, and participants from other groups (one lecturer and one
early-career biotechnologist). This self reflection was described as a “reality check”
(Owen, lecturer, December 14, 2005) that enabled researchers to question the
rationale behind their choice of research project. It was also stated that participation
in the communication of the social and ethical issues related to biotechnology could
enable biotechnologists to “identify the social and ethical issues” and thereby
maintain contact with society (Erin, science communicator, November 28, 2003), to
involve themselves in ethical decision-making (Wendy, science communicator), and
to “acknowledge the responsibility of their work™ (Chloe, science communicator,
December 12, 2005).

In addition, Natalie (early-career biotechnologist) and Cate (science communication
lecturer) felt biotechnologists could benefit from participating in science
communication by enabling the scientists to reflect on the direction of their research,

including its moral and ethical dimensions:
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They should give themselves pause and they should actually have a think
about whether or not it is research that they should be doing. I mean, most
people are poing to go ‘OK, I"ve considered the issues and of course ] think I
should still do it’. But I think there should be moments of pause for everyone.
(Natalie, February 16, 2006)

My personal belief is that there should be scientists in the moral and ethical
debates because what we as scientists need to think about is ‘What are the
implications of our research?’ Because we can control to a certain extent how
we spend our time and we can say ‘I don’t want to work on that, [ want to
work on this other thing because 1 can see that this will lead to something
really — or had the potential to- lead to something really positive’, So we need
to be thinking about the implications of our own work — absolutely... We
need to think a lot more strategically and scié_nce communication helps

scientists to do that better, (Cate, October 27, 2005)

Charles (science communication lecturer) felt that biotechnologists need to
acknowledge that they are technical experts when discussing the technical details of
their research, but also need to acknowledge when they communicate the social and
ethical implications of their research they present this information as informed

citizens, not as an experts in social and ethical issues:

I think the scientists saying ‘our expertise is in the science and that’s where it
stops’.....I mean that clearly is nonsense. They have to be accountable,
....They certainly should be saying ‘We are the technical experts....but I'm

also a citizen, you know, and | see the implications’. (Charles, November 11,
2005)

Finding 22: All of the science communicators and science communication lecturers
expressed the view that biotechnologists should be involved in communicating about

the social and ethical implications of their research. Many indicated that scientists
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could benefit from civic science by enabling them to better reflect on their practice

as scientists,

The redefining of science to include a civic science role was another theme that
emerged in the interviews of a wide range of participants; three science
communicators, one science communication lecturer, and two lecturers. Qliver
(science communicator) commented on the change required in science and Charles
(science communication leclurer) expanded later in his interview on his views of the

civic science role required of scientists:

I think the main, the main thing which would make a difference is allowing the
scientists to see the value in communicating to a wide audience, to a wide
range of audiences and see that it’s actuaily an integral part of their job, that
it’s not something you do just to raise your profile or not something you do to,
you know, to win Brownie points within your organisation, that it’s actually —

it helps science. (Oliver, October 25, 2005)

It’s got to be seen not just as something you do if you have the time or if
someone has the interest. It’s got to be seen as an integral part. | think the
problem is with scientists and policymakers is that they have a very narrow
view of innovation. They see the process as one of producing x, y or z. It might
be a new vaccine. It might be a new genetically modified food. What they have
got to understand is that people in the community have the right, and do, reject
these things if they think there’s a problem. So innovation — a key part of

- innovation — is explaining what you do to the community before the innovation
hits the comrﬁunity ..... So what I’m saying is policymakers and scientists need

to rethink the innovation process. (Charles, November 11, 2005)

Three participants (Erin, Wendy and Abbey) indicated the need for this civic science
role to be reflected in teaching. Abbey (lecturer) said “Whatever we do in our lives
we should be able to share it with others and be part of the community” (Qctober 20,

200'5). Erin (science communicator) and Wendy (science communicator) stated:
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I\ thi.nk we need a fundamental change in the paradigﬁl which exists in tertiary
education away from building researchers into building scieﬁtists - amuch
broader sense, looking at where they’re likely to go and what skilis they’re
likely to need and [ think, you know, particularly in areas like biotechnology
where, you know, the granting issue comes up or your external funding comes
up much quicker than say in physics, there is a need to ensure that it is a
continuing thread. It is a skill development in exactly the same way that lab
extraction techniques or lab technitlues is a pervasive theme across all the
years. (Erin, November 28, 2005)

1 think every science student should be taught to be a science communicator,
because these days students graduate thinking they’re going to be in a research
laboratory and they’'re going do fantastic things and write journal articles, But
they don’t stop to think about what ¢lse they could be doing to let other people
know. And that’s always forgotten, even at the undergrad level. But I think if
you can instil that sort of communication training for students in their
undergrad years, they’ll grow up to be scientists who say | want people to

know about what I’'m doing, (Wendy, December 5, 2005)

Alan (lecturer} indicated he falt a “failing” of the training of science students was the

exclusion of civic science training within the program.

Finding 23: Six individuals from various participant groups indicated that civic

science should be seen as an integral part of the practice of science and this should

be reflected in training by the inclusion of civic science within the tertiary

biotechnology curriculum.

The science communicators and science communication lecturers were also asked to

comment on whether or not they felt early-career biotechnologists had a role to play

in the communication of biotechnology with non-scientists. Every interviewee agreed

that these scientists have a contribution to make to science communication. Like
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Richard (lecturer) who felt early-career biotechnologists, in particular, should be
encouraged to take on this role because they were “closer to the community” (Qctober
13, 20035), two of the science communicators fel_t early-careef biotechnologists (in
comparison to more senior biotechnologists) are seen as less “isolated” (Nicky,
October 25, 2005), and not “focused exclusively on science” (Charles, November 11,
2005).

Finding 24: All science communicators and science communication lecturers
indicated they feel early-career biotechnologists have a role to play in the

communication of biotechnology with non-scientists.

5.3.2 Biotechnologists’ Efforts in Communicating with Non-scientists

The science communicators and science communication lecturers were also asked if
biotechnologists need to improve the way they communicate their research. All of
the interviewees agreed communication between biotechnologists’ and non-scientists
needs to improve. In contrast to the lecturers and early-career biotechnologists, all
except one of the interviewees were able to provide suggestions as to how
biotechnologists could improve their communication, Wendy (science
communicator), like Richard (lecturer), felt communication could be improved
simply by increasing biotechnologists’ role in the communication process. Wendy
felt science communication could only improve if “communicating science can be

part of every researcher’s job” (December 3, 2003).

Four of the science communicators, like Abbey (lecturer), indicated they felt
improving the quality of communication was required rather than simply increasing

- biotechnologists’ participation. There was a clear indication from three of the science
communicators thét this could only be achieved by biotechnologists redressing their
deficit views of science communication and entering into negotiation with non-
scientists about biotechnology research. Oliver (science communicator) stated:

“From what I’ve seen and heard and read, scientists often don’t consider what that
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reaction will be” (October 25, 2005). Jane (séicnce communicator) indicated she felt
a better appreciation and understanding of the complexity of the communication

process is required;

We think we’ve got to listen to them as well but it’s much more than that. It’s
actually a network communication. Human communication doesn’t work in
two dimensions, It works in three and, for all we know, four. And how we see
things and the judgements we form do not happen just in that charinel based
on what you said to them and what they said to you. It’s so informed by other
things as well. And so if we go into these things saying ‘I’ve got this
argument’ and ‘I’ve got this argument’, ‘I want to get this point across’ and
‘maybe we might do that’, then I think we’re missing out on understanding
that there’s all this stuff coming in from around the sides, And we’re not
allowing for enough understanding of how people’s world views and how
people’s judgements of what is good and what’s right is influenced by that
stuff around the side and the stuff behind them. (Jane, November 15, 2005)

Charles (science communication lecturer) indicated he felt biotechnologists’
communication role needs to extend from “selling science” to the community to
making dialogue and negotiation about research an integral part of the innovation

process:

The radical shift that I would like to see is scientists, science undergraduates,
scientisis and technologists seeing innovation in its broader definition. Which
is, the community is actually a part of the process. The community isn’t an
add-on at the end.... Get them involved in the process all along the way, not
produce a genetically modified food and say *Why don’t you accept this?’
and then be surprised when they reject it. (Charles, November 11, 2005)

In contrast to the predominant view of the lecturers and early-career

biotechnologists, only one science communicator indicated they felt communication
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“could be improved by ensuring that non-scientists are better informed about

biotechnology.

Finding 25: All of the science communicators and science communication lecturers
expressed the view that communication between biotechnologists’ and non-scientists
needs to improve. Suggestions for ways in which communication could improve'
included improving scientists ' levels of participation in public engagement activities

and changing their current approach to science communication,

5.3.4 Biotechnologists’ Approach to Science Communication

The science communicators, who are ofien the intermediaries in the communication
between scientists and non-scientists, were aiso asked (o comment on whether they
felt biotechnologists, and early-career biotechnologists in particular, are aware of the
approaches they should take to science communication programs or activities.
Science communication lecturers, who could potentially provide scientists with the
skills and knowledge required to participate in science communication programs and

activilies, were also asked this question.

One science communicator and two science communication lecturers were adamant
that biotechnologists are not aware of the approach they should take to
communicating with non-scientists. Of the ten science communicators interviewed,
these three (Sarah, Cate und Charles) reported having the most experience in
interacting with biotechnologists for science communication purposes. Cate

suggested many scientists follow a deficil approach to science communication:

"]l elaborate on that one because I think that’s a really critical point. I think a
lot of biotech — a lot of biotechnologists, a lot of scientists in general have a —
they, they really follow the deﬁcit model, you know, the deficit model of
science communication that if we only explain to people what we're .doing

and tell them what we're trying to do then they will understand and they will
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accept it, and so they have insufficient awareness of what effective
communication models are and so they tend to slip inlo this well, we’ll just
explain what we're on about and everyone will be happy, so it’s areal

education model, deficit model. (Cate, October 27, 2005)

Charles indicated that science commurication activities are not seen as *

real science;

1 think they [biotechnologists] don’t see it as a high status, high level activity.
It doesn’{ bring many rewards so why do i1? In {act, | wouldn’t be surprised if
some regard it as a demeaning activity almost. A real scientist - like real men
don’t eat quiche - real scientists don’t communicate with the unwashed.

(Charles, November 11, 2005)

Cate also indicated in her answer to this question that there was a perception that
scientists involved in science communication were not seen as being “real scientists”
(October 27, 2005). Four of the science communicators with science backgrounds
also commented on the little value given to science communication activities and the
perception that these activities are not real science. Sarah (science communicator)
felt that communicating scientists “fend to be treated with disdain by their peers quite
often and left out to dry” (November 4, 2005). Erin (science communicator) reflected

this sentiment in her interview when she stated:

I see this across a lot of sciences. There’s this real [feeling], you know, the
social and ethical side of things — that’s not real science.,, Whether it’s a fear
of questioning or inspection, I’'m not sure, But, you know, if you’re seen to be
not a pure researcher...then you’re seen as less of a scientist than those who

are involved in it. (Erin, November 28, 2005)

Natalie (early-career biotechnologist) and John (lecturer) also commented on the
perception that science communication is not seen as real science. Natalie felt that

her stience communication activities were detrimental to her science career, stating
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“I don’t really use any (scieifltiﬁc) language a lot of the time anymore....I think in
some ways I might come across as patronising when I talk 1o other scientists”
(February 16, 2006). John stated: “People just don’t see the importance of it.... The
system says you need to do traditional hard core science didactic learning and there’s

i
no room for this fluffy stuffinvolved in talking with other people” (November 4,

2005). !

]
i N . . . .
Of the eight science communicators and science communication lecturers to answer

the question that explored w:hether they thought early-career biotechnologists, in
particular, were equipped to communicate, six indicated they thought the skill levels
in this group were variab!e.?They described early-career bioléchnologists’ efforts in
communticating their rescarf:h with non-scientists as “sporadic”, “scattered”™, “hit and
miss”, and “erratic”. Chloei(sciencé communicator) fell in comparison to the older
generalion, early-career bio:technochgists seemed more able 1o cdmmunicate. Yet
Sarah (science communicator) felt that carly-career biotechnologists expressed a
“certain amount of arrogance about not needing to communicate” (November 4,
2005). Erin (science commiunicator) thought they were very aware of the benefits of
communicating with their peers, but at the same time, inculcated with the belief that
communicating with non—Jcientists (particularly the media) could be detrimental to
their career. She stated “Iithink in university cultures there’s almost, at the
departmental level, a per\}asive belief that you shouldn’t talk to the media. You
know, you risk becominé a pariah because — oh my God — you might say something

wrong” (Erin, November 28, 2005).
i

Finding 26: Three of !he;' science communicalors and science communication
lecturers expressed the Yiew that biotechnologists are not aware of the approaches
they should take to scietice communication programs or activities. Those with most
interaction with biotec Ino{ag:'sts Jor science communication purposes expressed
these views the stronge{f!. suggesting that science communication is marginalised

because it is not seern ds a science in ifself.
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Four of the science communicators indicated that they had not had enough
interaction with biotechnologists to comment on biotechnologists’ awareness of
science communication. Based on her experience as a scientist and in teaching
science students and professional biotechnologists, Tess (science communication

lecturer) stated:

I think they’re also unaware of the literature that is criticising them
[biotechnologists]. And they’re very, very quick to say it’s rubbish if it
criticizes this. | went to a genetically modified foods workshop, 1 did the
workshop, a whole day seminar. And it seemed to me that as soon as anybody
said anything that was critical, they immediately said ‘Oh, they didn’t know
what they were talking about’. So that sense of knocking the ground from
underneath the criticiser’s feet. So the only people allowed 1o speak on this
are those who’ve pot the biotechnology background. They were disregarding
expertise in the area of environment. So it was as if the only expertise that
was allowable was their own expertise and that’s lack of self awareness.
That’s lack of knowing the literature on science and it would be exactly the
same il you put chemists in there. It’s not a criticism of biotechnologists as
such — it’s a criticism of all scientists, that they don’t — we aren’t - critical of

our own image. {Tess, October 31, 2005)

The remaining two science communicators felt that barriers to the effective
communication with non-scientists by biotechnologists did not lie in a lack of
awareness of how to approach science communication, but in other areas. Wendy
(science communicator) indicated that she felt that the primary question faced by
scientists with regard to science communication “hasn’t really been about where to

start. It’s more about whether to do it or not” (December 5, 2005).

In Chloe’s (science communicator) experience it is oflen commercialisation issues

that prevent biotechnologists from communicating effectively:
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With biotechnology what I've found is that the world of science is, you know,
it’s all about publishing. You’ve got to get yoursel{in a paper, that’s a mark

" ofhow good you are - is how many papers you've been published in and how
many credible ones as well, And with biotechnology, because it’s seen as the
commercialising arm of science, or at least biological science, it’s such an
issue with promoting your work because there’s patent infringement and stuff
like that and so they’re more likely to publish rather than patent and
everyone, like especially in the business area, at the department, we’re trying
to go ﬁo, patent, don’t publish but see how that — we’re then lacking in that
communication because there’s now a one year lag, (Chloe, December 12,
2005)

Commercialisation issues representing a barrier to science communication was a
theme that emerged in two other interviews. Rebecca (doctoral student) indicated in
her interview that she had no involvement in science communication because of
commercial arrangements with the group funding her doctoral research. Similarly,
Matthew (early-career biotechnologist) indicated that he had little involvement in
science communication because the company he was invelved in research with

- “didn’t want me communicating with any scientist whatsoever™, let alone non-

scientists (February 20, 2006).

Finding 27: Commercialisation was seen as a barrier to scientists’ participation in

science communication by three participants from various stakeholder groups.

Those science communicators and seience communication lecturers that agreed that
early-career biotechnologists have a role to play in science communication were also
asked to comment on how important they feel science communication skills are for
early-career biotechnologists. All agreed these skills were very important for early-
career biotechnologists. Erin (science communicator) felt these skills would be
essential for early-career biotechnologists to ensure they were abie 1o secure
employment and research funding, She stated “If you can’t talk to me about what

you're doing or talk to the researchers or the people providing the funding — who are
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invariably marketing people or non technical people — you're in trouble” (November
28, 2005). Sarah (science communicator) felt providing early-career biotechnologists
~with science communication skills was important but this needed to be combined

with the opportunity to practice these skills.

Charles (science communication lecturer) and Jane (science communicator) also
agreed they felt communication skills were important for early-career
biotechnologists, but more importantly felt biotechnologists should be aware of the
rationale behind communicating with non-scientists, rather than being provided with

a science communication tool kit.

“That sort of level is technica.ly based. In other words it’s about how can I
improve my communication? That’s important - what I call nuts and bolts —
but the nuts and bolts has to be put into some sort of context. In other words,
we need to understand why are we doing this? What’s the point, Why do we
want to communicate with people? And they need to understand it's not just
a matter of communicating to, it’s also listening. What are the community
concerns? Are they real concerns? Are they perceived concerns? And

whichever they are they need to be tackled. (Charles, November 11, 2005)

I think if we focus cn adding on the skills it’s kind of like doing a band-aid
kind of thing. We’ll add this on and we’l! stick that on to you. But unless
we've got the underlying understandings right about, you know, how
knowledge informs a society and shapes those social forces and then, you
know, how it works, then 1 think all we're géing to be doing is keeping on
adding on and trying to teach new skills and things all the time, rather than
actually integrating it into the culture of how we pursue and use knowledge,
. which — I still hope that that’s what it’s about. (Jane, November 15, 2005)

Finding 28: All science communicators and science communication lecturers agreed
that science communication skills are essential for early-career biotechnologisis.

Two also stated that these early-career biotechnologists needed an underlying
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awareness and understanding of the rationale behind public engagement in addition

o communication skills.

5.4 Conclusions

Overall, the results presented in this chapter which relate to Research Question 2
indicate that most of'the participants in the case study, from ali of the stakeholder
groups, agree that biotechnologists have a roie to play in public engagement.
However, the stakeholder groups vary with regard to their views ol the relative
importance, nature and scope of this activity. The undergraduate students’
acknowledge how important it is that non-scientists understand biotechnology but do
not rate public engagement as an important form of communication for scientists.
The early-career biotechnologists and lecturers were more likely to see using science
communicators as a buffer between scientists and the public as advantageous. The
science communicators and science communication lecturers were more able to

identify the drawbacks of scientists not engaging with the public dircctly,

There were also varying views expressed about whether or not there should be
boundaries placed on the type of engagement that biotechnologists undertake with
non-scientists. The lecturers and early-career biotechnologists were more likely to
feel that making compulsory science communication for biotechnologists would be
unreasonable. In contrast, the majority of science communicators and science
communication lecturers supported a mandated role for scientists in public
engagement. Many of the science communicators also indicated that biotechnologists
are not sufficiently aware of the approaches they should take to public engagement
and could benefit from science communication training. A number felt this training
should not be limited to teaching communication skills, but should focus instead on
the understanding of what science communication is.and why it is important, in

combination with an opportunity to practice communication skills.
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6. STAKEHOLDER VIEWS OF SCIENCE COMMUNICATION TRAINING

The following chapter addresses Research Question 3 which explores the
participants’ views of science communication training at the tertiary level. In this
chapter, the level of importance éssigned to science c0mm.unication training is
examined. The stakeholders’ views of science communication training, how this
should be delivered, and the barriers and supports for delivering science

communication training within the biotechnology degree program, are also explored.

To establish the value the stakeholders in this case study attribute to science
communication training and its possible inclusion within the biotechnology program,
the students, early-career biotechnologists and lecturers were asked to describe their
views of science communication training. The first, second and third year
biotechnology students in the case were asked to rate the importance they attribute to
science communication training in relation to other components of their program.
This question was also asked of a large number of other first, second and third year
undergraduate science students. The doctoral students were asked to comment on
how important they feel science communication training is in their postgraduate
program, and the early-career biotechnologists and lecturers were asked for their
views on science communication training as part of the undergraduate education of

biotechnology students.

The doctoral students, lecturers and carly-career biotechnologists were also asked a
series of questions examining whether these participants feel the inclusion of science
communication training within the biotechnology program is warranted. They were
asked to comment on whether they felt training in this area could impact on an
individuals® ability to improve their communication. They were asked to indicate if
‘the generic communication skills training provided to the students according to the
university’s graduate attributes program is sufficient science communication
training, and whether or not training in scientist-to-scientist communication is

substantially different from the training required for public engagement.
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Interview data were also obtained from the science communicators and science
communication lecturers to gain an external perspective of the importance of science
communication training. These participants were asked the same questions as

outlined above for the early-career biotechnologists and lecturers.

6.1 Undergraduate Students’ Rating of Relative Importance of Science

Communication Training within their Curriculum

The main focus of the shortened questionnaire was the question ‘How important do
you think it is that the following items are included in your undergraduate
biotechnology degree program?” The students were asked to rate 12 curriculum items

listed underneath this question.

In total, 343 questionnaires were administered and collected from the undergraduate
students (Table 8). Fifty two of these students were administered the extended
questionnaire, the remainder were administered the short questionnaire. Sixty nine of
these students were enrolled in the biotechnology program. The remaining 274
students were enrolled in the following programs: biomedical_science (n=50),
molecular biology (n=66), forensic biology (n=10}, environmental science (n=4),
veterinary science (n=47), biological science (n=43), marine biology (n=8),
conservation biology (n=36), or other degree program (n=10). These 274 students

were combined into one category labelled ‘non-biotechnology programs’.

Both of these questionnaires contained the question which asked the students to rate
the importance of 12 curriculum items in their degree program. Analysis of this
rating scale question indicated there were no statistically significant differences in
the mean scores of the students enrolled in the biotechnology program compared
with the students enrolled in the non-bictechnology programs (see Figure 7), with the
exception of two items, Technical skills (Z=-2.844, p=0.0045) and An awareness of
the public’s perception of the risks associated with research and research outcomes

(Z=-2.085, p=0.0371). Skills in communicating research with non-scientists was
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rated as one of the lowest four items by students in both the biotechnology program

and the students in the combined non-bictechnology programs.

Table 8
Undergraduate Students Administered the Short Questionnaire by Program of
Enrolment '
Year of enrciment Biotechnology Non-Biotechnology Total
Program Programs
n n n
1" Year N 14 2189 _ 236
Female 6 183
Male 11 66
2" Year 23 29 52
Female 9 24
Male 14 ]
3" Year 29 26 . 55
Female 13 19
Male 186 7
Total 69 - 274 343

Finding 29: There was no significant difference befween biotechnology
undergraduate students rating of the importance of science communication within
their degree program and the views of the undergraduate students enrolled in other
science degree programs, The students rated scientisi-to-scientist science
communication high in relative importance compared to other components of their

programs, and communication with non-scientisis as relatively low in importance,
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All subsequent analyses were performed using only the data obtained from the first
(n=17), second (n=23} and third year (n=29) biotechnology students. When the mean
scores of the biotechnology program year groups were compared there was no
statistically significant differences in scores for eight of the twelve items, including
the items Skills in comm ﬁm‘can’ng research with other scientists and Skills in
communicating research with non-scientists (Figure 8). Significant differences were
observed for the items A broad knowledge of general scientific facts and theories
(F=6.116, p=0.04?), Data analysis skills (H=6,864, p=0.0323), An awareness of the
public's perception of the risks associated with research and research outcomes
(H=6.623, p=0.0365), and Business and marketing skills (H= 8.859, p=0.0119).

There were no sigrificant differences in the mean scores for seven of the listed items
for the biotechnology students according to sex, including the items Skills in
communicating research with other scientists and Skills in communicating research
with non-scientists (Figure 9). Post hoc analyses indicated that three items were rated
significantly higher in importance by the females: An wir-r standing of human ethics
regulations and related issues, An understanding of animal ethics regulations and
refated issues, and An awarenesy of the public perception of risk associated with
research, Differences in the responses between these groups were highest for the two
items An understanding of anan ethics regulations and related issues (7=-3.933,
p<0.0001) and An understanding of animal ethics regulations and refared issues

(Z=-4.6, p<0.0001),

Finding 30: There was no significant difference benween biotechnology
undergraduate students rating of the importance of science communication skills
training within their degree ,br()gmm according to year of enrolment or sex.
Irrespective of stage of progression through their program and their gender, the
biotechnology students rated scientist-tu-scientist communication skills high in
relative importance compared 1o other components of their programs, and

conmmunication with non-scientixts as relatively low in imporiance,
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When the data for the biotechnology students in each year group were combined, the
distribution of the curriculum items fall into four significantly different categories
according to the level of importance attributed to them by the students (H=392.123,
df=11, p<0.0001; Figure 10). Post hoc analyses indicated the students ranked
Technical skills and Knowledge about biotechnology and Communication between
scientists as the most important components of their curriculum (mcdian scores of
9.2 to 8.8). Significantly lower importance was attributed to the second category of
itelﬁs which included Broad sclence imowledge, Data analysis, and the items related
to misconduct and ethical issues (median scores of 8.3 to 8.1.). The third category of
items, included Skills in Communicating research with non-scientists and An
awareness of the public perception of risk (median scores of 7.6 and 7.7,
réspectively). And the fourth category, fntellectual property and Business and
marketing skills, were rated significantly lower than all other items listed (median

scores of 6.45 and 5.75, re5p¢ctively).

The focus of the present doctoral study is science communication and civic science,
and in this particular question, the relative ranking of the items Skills in
Communicating research with non-scientists and Skills in communicating research
with other scientists, in relation to other items in the biotechnology curriculum. As
such, the ranking of the items other than these two science communication related
items are not explored further in either this chapter or the discussion. It is notable,.
however, that the results obtained in the ranking of these non-communication related
items is consistent with the a study of Schibeci and coworkers (Schibeci, Barns,
Kennealy, & Davidson, 1997) who found that biotechnology students showed most
interest in scientific issues, some interest in ethics, and hittle interest in marketing

issues,

Finding 31: The combined results of all three years of biotechnology students
indicates that the students’ ranking of the relative importance of the 12 curriculum
items listed fell into four tiers. The more traditional skills tqught in science degrees
were included in the top two tiers of importance by the students, with the

communication of science between peers included in the top tier. Public engagement
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items, including the communication of science with non-scientists, was included in
the third tier. And the fourth tier, the items reted least important, were related to the

commercialisation of science.

In the follow-up interviews, 13 second year biotechnology students were asked to
explain their response to the two science communication items. All of the students
interviewed indicated they felt Skills in communicating with research with other
scientists was an essential skill for biotechnologists to have, and rated this item as
one of the top three most important items for inclusion within their program. In
contrast, Skills in communicating research with non-scientists was ranked as one of
the lowest four items on their list by the majority of the students interviewed (n=11).
These students provided a number of reasons as to why they attributed this civic
science item a relatively low priority. Four students indicated that communicating
with non-scientists was not important because an understanding of science was only
important for scientists (n=1) and biotechnology may be too difficult for the public to
understand (n=3). One student indicated he ranked science communication as one of
the lowest of his responses because he felt that communication with non-scientists

was only required when the public were “interested™

Well, I think it is important to communicate to other people in the field but 1
really don’t think it’s for public unless they are interested. (Jaxon, February
27, 2006). '

Two of the students gave the Communication with non-scientists item a relatively
low level of importance because they felt science communication skills would be
best offered as specialised course, rather than an integral component of the
biotechnology degree program. Elena stated “Becausc that [skills in communicating
research with non-scientists] is probably what you want to be basing a science
communication course on” (February 27, 2006). Joel stated “I think if that [skills in
communicating research with non-scientists] is something you want to go into then
you'll take a minor or a double degree in that. ] don’t think that is particularly

important” (February 27, 2006).
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The two students who did indicate that they felt skills in communicating research
with non-scientists was a ve_fy important inclusion in their biotechnology degree
program rated all of the items highly. When one of these students was prompted to
indicate which item they would leave out if one were to be removed from their

program of study she selected the Skills in communicating with non-scientists item.

Finding 32: The second year biotechnology students interviewed indicated they felt
scientist-to-scientist communication skills is an essential for biotechnologists, as
opposed to public engagement skills which are a relatively low priority. This item
was ranked low for a number of reasons including the perception of low levels of
interest or undersianding by the public and the belief that these science
communication skills would be better offered 1o science students wishing 1o

specialise in this area.

6.2 Doctoral Students’ Views of Science Communication Training

The doctoral biotechnology students were asked in their interviews to comment on
the importance of science communication training within the postgraduate program,
They were asked specifically about the level of importance they attribute to the
generic communication skills training course offered to them, how much time they
had available to attend the course, and whether or not they thought the course should

be compulsory.

Four of the six doctoral students that answered this question felt the generic
communication skills training course was not relevant for them because they already
had the requisite generic communication skills that are taught in this course. Danny
also felt the course would be too generic and not science-speciﬁf: enough. He stated
“I’m not too surc how beneficial it would be, I've been to some so;t of, sor;'le t‘ybés
of things before and they tell you sort of peneric things. But you never really come
out of it knowing ‘How do | deal with it in my situation?"” (Danny, November 12,

2001).
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Of the two doctoral students who felt the course was important, one was an
international student (Georgie) who felt communication training would be
particularly beneficial for students experiencing difficulties associated with the
English language. The other, Rebecca, while indicating she thought the coursé would
be useful, felt she would not attend the generic skills communication courses offered

because she had insufficient time available to attend:

~ Definitely time constraints are always a major issue. | mean, if you were
allocated time to go and do these courses then yeah, fine. But if you had to
make it up out of your research time or your own time then | think a lot of

people would not really consider it. (Rebecca, November 14, 2001)

When each of the doctoral students were asked if they felt the course should be
compulsory, there was a mixed response. Four students indicated they would not
support compulsory communication training, two were undecided and one agreed it
should be compulsory. Rebecea, opposed to the idea of compulsory science

communication training, stated:

I don't think any of these kind of development skills should be compulsory at
the postgrad level. I mean, it should be encouraged and | do know of examples
of people who definitely need to do some...] wouldn’t agree with it being
compulsory. You’ve got enough to do with your research as it is and a lot of

these skills you do pick up on the way. (Rebecca, November 14, 2001)

Finding 33: The majority of the doctoral biotechnology students indicated that
anending the generic communication skills training offered by the university would
not be beneficial and none had enrolled. Only one doctoral student felt the generic
communication skills course should be compulsory. Another felt she had insufficient

time to atiend.
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6.3 Early-career Biotechnologists’ Views of Science Communication Training

The early-career biotechnologists were asked in the interviews for their views on the
science communication training of tertiary biotechnology students. All except one of
the interviewees, Anne-Marie, feit science comrﬁunication should be a component of
tertiary science education. Anne-Marie did not support the provision of compulsory
science communication training at this level as she felt not all scientists are suited to
science communication, not all should be expected to communicate, and therefore
not all scientists should be forced into science communication training, Like a
number of the undergraduate biotechnology students interviewed, she feit science
communication training would be better offered as specialist training to students with

a specific interest in becoming science communicators.

Of the five interviewees who agreed science communication should be a part of
undergraduate and/or postgraduate biotechnology training, two felt undergraduate
biotechnology students would be unlikely to share their views of the value of this
form of training. Rosie stated “I see that there will be benefits even though, even if -

they may not” February 28, 2006). Natalie expanded on this:

They think they’re being forced to do it, and they don’t think it is .
relevant....So, but their focus I think would definitely be ‘OK, I’ve enrolled
in a science degree. Science is what I want to do. Yep, technical skills, let’s

go. But get me a job’. (Natalie, February 16, 2006).

Natalie felt the provision of science communication training for tertiary science
students should continuz throughout their careers through the provision of
professional development in this area by their employees. She stated she felt science
communication “should be part of their professional development with that -

organisation” (February 16, 2006).

Finding 34: The majority of the early-career biotechnologists indicated that science

communication training should be included within the tertiary biotechnology
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curriculum, Two early-career biotechnologists felt, however, that few af the
undergraduate students would appreciate the value of this training. One also felt this
training should be supported with continuing professional development in the

workplace.

The early-career biotechnologists were asked in their interviews if they felt the
provision of science communication training for biotechnology students could
improve the student’s ability to communicate. The majority (n=5) indicated they felt
the provision of this form of training could improve, to some degree, the science
communication skills of every individual participating. The early-career
biotechnologists were also asked if the skills required for science communication
with non-scientists are significantly different from those required for communicating
with fellow scienlists; Two early-career biotechnologists spoke of similarities
between the two forms of communication: the requirement for information presented
in context, clarity, the correct level of information, and an awareness of the
audiences’ understanding and knowledge of the science to be discussed. But the
remainder felt there were significant differences between the two. For example

Linda, a forensic biotechnologist, stated:

You have to have a completely different mindset. If you’re communicating
with other scientists, which is what you find when you go 10 a conference as
compared to when you go to a careers expo at a uni or something, the level of
detail that you go into, And, I mean, you just have to be s0 conscious when
you’re talking to a non-scientist of what they’re going to read into what you
say. And that’s, yeah, again something I think - because I’m not necessarily a
research scientist — [’ve probably got a better understanding of how normal
people would read into things because I’'m not a boffin — lab rat. (Linda,

November 22, 2005)

Finding 35: The majority of the early-career biotechnologists indicated that the

provision of training could improve the science communication skills of all scientists.
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Communication berween scientists was seen as requiring a significantly different

skill set than the skills required for public engagement.

6.4 Lecturers’ Views of Science Communication Training

In their interviews the lecturers were asked a series of questions aimed at identifying
their ideal view of science communication training for bictechnology students, and
whether they felt this form of training could be introduced into the biotechnology
program. The lecturers were asked specifically if they felt science communication
train.ing should be a component of the undergraduate education of biotechnology
students. They were also asked to identify supports and barriers to the provision of
this training within the biotechnology program, and the likelihood of its inclusion.
They were then asked to identify the possible benefits arising from the improved

science communication training of students within the program,

In addition, the lecturers were asked to answer a series of questions aimed at
examining whether they felt the current state of the biotechnology curriculum
provided biotechnology students with the skills required for public engagement.
They were asked to provide their views on whether they feel scientist-to-scientist
communication differs from the form of communication that occurs between

scientists and the public.

6.4.1 Inclusion of Science Communication within the Biotechnology Program

The majority of the lecturers (n=9) indicated they supported the provision of science
communtication training for biotechnology students, with most (n=8) indicating this
form of training should be embedded within existing units of the biotechnology

program. There was acknowledgement, however, by two of the lecturers that
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tracking and maintaining the delivery of science communication trainilng within the
degree program could be difficult if attempts were made to embed this material
within existing units, John felt science communication training could potentiatly “fall
through the cracks” if attempts were made to deliver it in a number of different units
(November 4, 2005). Only one lecturer felt the material would ideally be delivered as

a stand-alone unit.

Gareth, who did not support the provision of this form of training at the
undergraduate level, suggested that students with an interest in science
communication could take up postgraduate studies in science communication. He
also felt that communicating with non-scientists was not a role that scientists should

assume without specialist training, and stated:

A mistake again that the biotech industry made, is that they didn’t do that - is
that they didn’t get those sort of specialist communicators. They got scientists
to do it, which is not a good idea because scientists just get passionate about
the science, not about the communication. And they expecl everyone else to,
you know, see the way, the same vision that they see, And it doesn’t work

like that. So you need someone who knows (a) something about the science
but, (b) is a specialist communicator. And not everyone can do that, (Gareth, |
October 20, 2005)

Finding 36: The majority of biotechnology lecturers supported the provision of
science communication training within the biotechnology curriculum, ideally
embedded within existing units of study. Hdlf of the lecturers, however, indicated
inclusion of new material would be problematic. One lecturer felt this material
would be better delivered as specialist posigraduate training in science

communication,
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6.5.2 Supports and Barriers to the Provision of Science Communication Training

Seven of the ten lecturers were not aware of any specific supports provided for the
provision of science communication training of biolec.hnology students. Three of the
lecturers felt the teaching and learning department in the university could offer them
support for the provision of science communication training if they required it, but
none had sought help of this nature from the department. When asked about the
barriers to the provisioh for science communication training, however, the lecturers
were very specific about what they felt the barriers were, The inability to find room
for science communication in an already crowded biotechnolegy curriculum and a
predicted lack of interest in science communication by biotechnology students were

the two most prevalent answers provided by the lecturers.

David (lecturer), who felt the science communication training could ideally be
delivered in a stand-alone unit, indicated he felt the program was so crowded it
would be unlikely that room would be made for a compulsory unit of this nature,
Another four lecturers also indicated that making room for this form of training in
existing units would be problematic. These lecturers included Pierce, the program
chair, and Gareth, the lecturer who felt there was no place for science

communication in the undergraduate biotechnology program. They stated:

Having just gone through a whole review of the biotechnology program and
we never put it in there, obviously I thought - and we thought as a committee
- that it wasn’t as high a priority as something else. And I think the difficulty
with biotech is that it is so darn broad that the difficulty is deciding what to
leave out, rather than what to put in. And so science communication probably

gets pushed further down the heap because of that. (Pierce, October 17, 2005)
There’s a lot of skills that are missing from the biotech degree which I would

put ahead — things like quantitative skills..... | mean, there's a lot of, as | say,

quantitative skills, problem-solving skills, knowledge-based subject and
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things like that which they really need to get. So communication — if you
were 1o put it on the list - would come down, down a bit, (Gareth, October 20,

2005)

Some lecturers also indicated that other areas not currently in the biotechnology
curriculum would be given higher priority for inclusion than science communication,
One felt science communication training could possibly extend the degree
completion time of the biotechnology students and therefore would not be considered

for inclusion in the program.

Abbey felt the barriers to the provision of scicnee communication training within the
biotechnology curriculum would include financial constraints, the inability (o attract
sufficient students 1o make such a unit viable, and the difficultics assoviated with the
recruitment of a science communication specialist, Pierce also acknowledged that:
students may not sce the value in science communication training: *They just dont
seem to see the importance ol it, They would rather do senething which was
expanding their knowledge of the scientific content rather than the communication

aspects” (October 17, 2005),

The pereeption that o barrier to the introduction of seience conununication was an
inability 10 atiract sufficient students 1o make such a unit viable was also beld by
three other leeturers. Gareth stated *Most people just aren’t that good at
communication so you're teaching them sornething that most of them are not going
to be good at. or don't even want to do™ (October 20, 2005). John felt the pereeption
of seience communication training as a non-traditional science skill by lecturers and
the seienee division as a whole, was i barrier to the provision of science

communication training. And Owen stated:

1t would be seen as a soft, wishy-washy tvpe thing that you learn along the
side and that most people really never need to. [U's not seen as career
forming. It is probably in u way seen as something that some people have

and other people don't have, And they either can communicate and kKnow
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whal issues (o treat carefully and what issues you can straightforwardly
answer to in the case of the public interview or something [or they don’t].

{Owen, December 14, 2005)

Finding 37: A munber of barriers to the inclusion of science communication training
within the biotechnology curriculun were identified by the lecturers. Half of the
fecturers supgested a lack of space within the program would inhibit the inclusion of
new material into the program. Half alse indicated it wonld be difficult 1o attract
students to enrol in the science communication units as the students do not atiribute

any value to this form of training.

When asked if they were aware of any material to support the provision of science
communication training for biotechnology students, none of the lecturers could
identify any specilic material available. Seven of the ten lecturers indicated they
should be aware of the material available. Five indicated they felt there would be
teaching support material for them if they looked for iy, particularly if they undertook

a web search.

Finding 38: None of the lecturers were able 1o identify any teaching material (o

support the pravision of science communication training for biotechnology students.

The lecturers were also asked about the feasibility of introducing science
communication training into the biolechnology curriculum and what they felt the
| ouicomes ol improved scierce communication training of biolechnology students
would be. While all of the lecturers except one felt the introduction of science
communication training was feasible, some felt it was more feasible than others.

Owen stated:
I's feasible to put anything in, anytime. So no problem il it was deemed to be

important enough....Realistically will it be done? As a full unit? | don't think
the students would like it. {Owen, December. 14, 2005)
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Concerns about student interest and the crowded curriculum were again raised by

four other lecturers in response o this question, including Pierce who stated:

Given the constraints that I've already indicated it does make it difficult [to
introduce into the curriculurﬁ]. And it’s probably significant that when we
had this review meeting ~ we've got the last review meeting next week — we
had a wholc range of priorities that we anted to fit in there, Interestingly
science communication wasn’t one of them. And a lot of those prierities have
aciually had to drop out because wejuét couldn’t find space for them. So |
think it’s going to be difficult. (Pierce, October 17, 2005)

There was clear acknowledgement by seven of the lecturers that implementation of
science communication training for biotechnology students would take time, and
Richard and David also felt it would need someone to “champion™ the cause. As
David stated “It's just a question of someone you know, taking that up or convincing
those with the purse strings that this would be — that it’s an important part of the .
education of scientists and scientific training” (February 16, 2006). Others felt it

required support in the form of a ground roots movement. Richard (lecturer) stated:

Maybe in time [it might be incorporated into the curriculum]. In some ways
biotechnology is still a young science, a bit of a baby, and science
communication is even younger.....what it actually needs, is another

generation before it becomes incorporated. (Richard, October 13, 2005)

Finding 39: While the introduction of science communication training into the
biotechnology curriculum was considered feasible by the lecturers, many
reemphasised the constraints to imtroduction of this material. Two lecturers felt the
introduction of this material would require someone ta champion the cause, or a
ground swell movement of support for the area, Many indicated it would only be u

matier of time before this material would be introduced into the curriculum. -
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6.5.3 Benefits of Improving the Science Cemmunication Skills of Biotechnology
Students

All of the lecturers who commented on the benefits of improving the science
communication skills of biotechnology students described these benefits in terms of
what the students would gain from improved science communication training, such
as, an improved understanding of biotechnology, improved communication skills,
tmproved employment prospects, improved acceptance of biotechnology and greater
funding opportunities. Abbey said ““[ think it may employ, improve the employability
of the students” (October 20, 2005). John stated:

It’s strange but twenty years ago scientists didn’t need to talk about their
work because you just got funded and you just went on and you did the next
esoteric thing, Nowadays there’s probably, you find me a grant where it
says we’ll give you some money just to do it for fun, It doesn’t happen
anymore, What will happen with your research, what are the outcomes,
what will happen in the national interes_t,.lhe state interest or
whatever?...... ! couldn’t name you a grant where they said just do it and

we'll give you some money, (John, November 4, 2005)

None of the lecturers, with the exception of David, discussed outcomes in terms of
the broader community. David felt that improved science communication training for
students would lead lo a greater appreciation of the importance of communicating

and ultimately, better interactions between scientists and science communicators,

Finding 40: All of the lecturers described the benefits of ‘improving the science
communication skills of biotechnology students in terms of what the students would
gain from impraved science communication training. These benefits included
improved understanding of biotechnology, improved communication skills, improved
employment prospects, improved acceplance of biotechnology by the public, and

greater funding opportunities.
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6.5.4 Nature of Science Communication Training

The lecturers were also asked in their interviews if the skills required for science
communication with non-scientists are 'si.gniﬁcamly different from those required for
communicating with fellow scientists. Only one lecturer, Abbey, felt there was no
difference between the two. Abbey felt science communication required scientists to
speak with “truth” and “clarity”, irrespective of whether they were communicating
with the public or with fellow scientists (October 20, 2005). Two other lecturers
spoke of the similarities between the two forms of communication: the requirement
for information presenied in context, clarity, the correct level of information, and an
awarencss of the audiences’ understanding and knowledge of the science to be

discussed. Alan (lecturer) stated:

The same principles apply, you know. Know what you're talking about, be
clear about what message you're trying to what information you're irying to
convey, and understand your audience. And provide it in a format and
language that is appropriate 10 the audience. So you've got to spend a lot of
time on knowing whom you’re trying to communicate with so that you cain

shape your presentation to that. (Alan, December 9, 2005)

The remainder, while indicating they felt there were significant differences between
these two forms of communication, indicated that the differences lay in how
information was presented. These remaining seven lecturers spoke of simplifying or
filicring scientific information before it is communicated, communicating in layman
terms and not presuming any background undersianding. Richard (lecturer) indicated
he felt communicating with non-scientists required researchers 1o *distil and simplify

very complicated things into clearly understandable things” (October 13, 2005).

Finding 41: The majority of the lecturers indicated scientisi-to-scientist

communication varied significantly from the skills required for public engagement,
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6.5 Science Communicators’ and Science Communication Lecturers' Views of

Science Communication Training

In their interviews the science communicators and science communication lecturers
were asked similar questions with respect to science communication training, and the
responses of these two stakeholder groups have been combined in this section, They
were asked if they felt seience communication training should be a component of the
undergraduate education of biotechnology students and were asked to identify
supports and barriers o the provision of science communication training within the
biolechnology program. They were also asked 1o identify the possible benefits
arising from the improved science communication training of students within the

program.

The science communicators and science communication lecturers were also asked a
series of questions aimed at examining whether they felt the current state of the
biotechnology curriculum provided the students with adequate skills for public
engagement. In addition, they were asked questions about whether scientist-to-
scientist communication differs from the form of communication that occurs between
scientists and the public, and whether the generic skills training offered to
biotechnology students cquips these students with sufficient skills for public

engagement once they enter into the workforce,

6.5.1 Inclusion of Science Communication within the Biotechnology Program

The science communicators and science communication lecturers were asked in the
interviews il they {elt science communication training should be a componeht of the
tertiary education of biotechnology students. This group unanimously agreed that

science communication should be included in the training of undergraduates. When
asked to elaborate on how they would see this training delivered, two of the science

communication lecturers (Tess and Cate) acknowledged the value of having science
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comimunication training offered as an elective unit. Cate fell an elective unit
promoted cross-disciplinary enrolments in the unit that enabled the students to reflect

on how they. communicale to people outside of their immediate speciality:

Well, our model is electives because — and one of the strenpths of that and
one of the reasons, 1 think, it’s ~ that I would push that, continue to push that
at [my university] is that — and you know, hold it up as a model for other
universities — is that when scientists, scicnce students in a unit have to explain’
something to other science students and they realise, they recognise that their
colleagues in the class are intelligent people and if they can’t understand what
I’m talking abow, well then what hope does the public have? Andsoi’sa
very good first step at getting them to strip away their jargon because they -
in a way, they will acknowledge that their audtence is imelligent, you know,
s0 it’s not — it gets away [rom this myth that science communication is about
dumbing down science. Thal really irritates the hell out of me. (Cate,
QOctober 27, 2005)

Charles, in contrast, felt science communication training needed to be made
compulsory for science students because the need for scientists to be trained in this
area is so great, He stated “Communication should be seen as important so it ought to
be compulsory. 1 always worry about making any unit compulsory but in this
instance I think the need is so desperate that | would make science communication a
compulsory unit”” (Charles, November 11, 2005). Eight of the science
communicators and science communication lecturers agreed that provision of science

communication training should be compulsory.

Two of the science communicators stressed the importance of shifting the current
training practice of scientists towards the fuller development of civic scientists. Erin
spoke of the need for a “fundamental change in the paradigm which exists in tertiary
education away from Bui]ding researchers into building scientists” (November 28,

2005), Wendy expressed a similar sentiment when she stated:
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Basically the way | sce it university is about, when you’re doing science at
universily it’s teaching you to be a scientist. So i you're not taught to
communicate at university, you're going to be a scientist who’s not going to
communicate. So you need to be taught that at university. And if you’re
instifling that attitude at university, you’re going to grow up to, you’re going
to develop into a scientist who’s going to communicate. And | think, [ mean,
saying that it’s got to be part of their job is sort of a, can be a bit of a rash
statement. But | think in the interim it’s only fair to cxpeét that. But until we
can, ] think a better long term strategy would be (o teach scientists to be
communicators when we're teaching students to be scientists. 1 gocs hand in
hand. (Wendy, December 5, 2005)

Finding 42: All science communicators and sclence communication lecturers agreed
science communication should be @ component of undergraduate fertiary raining,
The majority indicated that this training should be compulsory, but 1o of the
science communication lecturers felt this training should be offered as an elective
unit. Two of the science communicalors stressed the need for the inclusion of civic

science in this training.

6.5.2 Supports and Barriers to the Provision of Science Communication Training

The science communicators and science cbmmunicalilon lecturers were also asked if
they were aware of any malerial that could be used to support the provision of
science communication training at the tertiary level, Not unexpectedly, the five
science communicators who had indicated previously that they did not have any
¢xperience in teaching science communication at this level were not aware of any

teaching material available in this area.

The four science communicators who reported having experience in teaching science
communication (the three science communication lecturers and Erin who

incorporates science communication teaching into her nanotechnology units), felt
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" there waé a significant amount of science communicﬁtion material available i.n the
feld ol'scier_lce communication but very little that specifically suﬁported science
communication teaching. All three science communication lecturers had spent |
considerable time and effort in preparing.lheir own reading material for the students
and did not rely on any one particular textbook or resource. Charles felt the _
textbooks available are “not particularly good” and lack an Australian context which
make them difficult for Australian science lecturers to adapt for use in their

classrooms (November 11, 2005). Tess and Erin expanded on this theme by 'staling:

[ don’t think thore is good material out there. There's good material if you

- wanl very superficial communication — there's some material, not a lot but if

| you really want communication that starts looking at the other person’s
perspective, It’s not that accessible. .... | don’t think there’s a sort of nice
standard text because it's a complex issue. It’s not a complex issue if all ybu
want to do is put some spin on and send it out. But if you want good
communication then you’ve got to see the other person’s point of view and
that’s mental effort, (Tess, October 31, 2005)

I see two big faults with the materials available for people wanting to
improve ihcir own science communication and also teach it to the others -
that there’s the perception that peer communication is science

~ communication and also the — largely it is, you know, built on the sponge
model. How to identify the key messages, you know, stick 1o it in the first
ten seconds, your grab kind of, that kind ol narrow vein rather than dialogue
lype communication or it is written for schools. And, | gucss, part of the
problem is because it’s come out of interactive science and technology
centres, that it's informal science cducation, has fcally become the dominant

form of science communication. (Erin, Novcnllber 28, 2005)

Finding 43: While it was acknowledged that there is a large amount of material in

the field of science communication, none of the science communicators and science
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communication lecturers were able to identify any teaching material suitable for -

suppori the provision of science communication training for biotechnology students.

6.5.3 Benefits of Improving the Science Ca:ﬁmunif:afion Skills ofBiatecimofagy
' Students '

When asked about the outcomes of improved science communication training for
biolechnologists,' the majority of the science communicators and .science
communication lecturers expressed these outcomes in terms of what society could
gain from this training, This is in direct contrast 1o the lecturers who saw the
outcomes of improved science communication training predominantly in terms of
how scientists could benefit, The science communicators and science communication
" lecturers indicated that the biotechnology students would benefit from science -
communication training by gaining a greater appreciation of the value of science
communication, improving their communication skills, improving their

' undersl:an_cling of, and sensitivity towards, community views and concerns, and

ultimalély being betier able to contribute to the community.

All three of the science communication lecturers felt improved science
communication training would enable biotechnologists to better reflect on the aims
and outcomes of their research. Charles felt science communication training could
help students “reflect on the issues” and “confront them head on” (November 11,
2005). Tess felt that if scientists were not given the training and opportunity to
communicate then they were not “working with society” and if they only
communicated technical details then they “were not acknowledging the

responsibility of their work” (October 31, 2005). Cate stated:

 think, you know, scientists in general need to think about why. You know, so
what? And why? Why is this important? Why are you doing what you're _
doing? And so what? Who cares? At a very early stage in 'th_eir career because
it will help them, (Cate, October 27, 2005) |
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When asked to comment on how feasible they felt the inclusion of science
communication_traihin_g within the science curriculum of all sciencé students would
“be, the responses of this group were very similar to the lecturers, One science
communicator lelt it would require ground roots support, another three felt it would
happen but not in the immediate future, suggesting that we are only making little
progress towards the improved science communication training of biotechnologists
and transforming biotechnology education is a slow process. Charles (science
communication lecturer), who has lobbied for many years for his science
communication unit to be promoted to biotechnology students, was more pessimistic,
He stated: “I must admit I'm pretty negative, I don’t think its going to happen...It's
not a thing that the biotechnologists,.or the ihdustry, or thé government seem to be
interested in” (Novemnber 11, 2005), Erin (science communicator) felt the cause

would need champions:

It gets back, in a way, to that sphere of influence — start with those that you

can affect change in and hope that you do a good enough job that it goes from

‘being something that they do to something that happens automatically (Erin,
November 28, 2005) R R

Finding 44. All of the scr'eﬁce communicators and science communication iécmrers
described the benefits of improving the science communication skills of
biotechnology students in terms of what the students would gain from improved

- science communication training. These benefits included :'mprbvea_’ understanding of
biotechnology, improved communication skills, improved employment prospects,
improved acceptance of biotechnology by the public, and greater funding

opportunities.
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6.5.4 Nuture of Science Communication Training

The science communicators and science communication lecturers were all asked in
their interviews if science communication training could improve scientist’s capacity
for civic science. Most (n=8) indicated they {elt the provision of training could
improve all scientists skills in this area, and three also felt practice in addition 1o

training, was required. Erin (scicnce communicator) stated:

| think for some people it is, it is absolutely a talent or a gift. But it’s not an
excuse for why we don’t do it and there’s, you know, there's this tacit
assumption — almost akin to, you know, student thinks ‘Well, if I just sleep
on the textbook or I read it once I'll actually learn the material’. There’s
almost from, | guess, my side - the teaching side — that, you know, if we, if
we tell them why it's important then they'll just learn how to do it or they'll
learn how to do it well. Those skills need to be cultivated. Now, I'm not
saying at all that a fantastic researcher who has almost no personal skills
should do those science communication outreach type things. They should
definite:y, within say a rescarch organisation or a rescarch tcam — identify
people who are better at different things than other people. But 1 think
everybody should have the ability to speak with authority and conviction
about what they do. (Erin, November 28, 2005)

Wendy (science communicator), like lecturer John, indicated she felt science
communication is a learnt skill, which is developed in somie at an carly age and ofien

independént of tertiary institutions:

I don’t think it’s an innate ability. I think in people that come across as being
just natural communicators it comes down to their upbringing, their schooling.
I mean, you've got those who will be public speakers [rom straight out ol high
‘school but again they may not — it again comes down to what they did. Look at
the activitics they were involved in and a lot of what you're invelved in outside

school, outside uni comes in handy. (Wendy, December 5, 2005)
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There was also recognition by two of the science communicators that whether or not
the skills training provided to bioiechnology students improves their science
communication ability may depend on who is delivering the skills training, and the
contex! in which the fraining is delivered. Chloe (science communicator) felt given
the right unit outline, the right l_éacher with lhé right skills and level of enthusiasm,
some basic generic skills training may be all that biotechnologists require to improve

their communication skiils.

Finding 43 The majority of the science communicators and science cbmmum‘can"on
lecturers indicated that all scientists could be taught how to communicate !hrqugh
the provision of training in this area and practice at applying these skills. Two of the
science communicators fell the ability for this training to improve the students’
science communication ability may depend on who is delivering the skills training

and the context in which the training is delivered,

The science communicators and science communication lecturers were also asked if
the skills required for science communication with non-scientists are significantly
different from those required for communicating with fellow scientists, Two science
communicators spoke of the similarities between the two forms of communication:
the recjuirement for information to be presented in context, clarity, the correct level
of information, and an awareness of the audiences’ understanding and knowledge of
the science to be discussed. Eight of the interviewees in this group (n=8), however,
agreed there were significant differences between the two. They indicated they felt
the information to be communicated needs to be presented in a different formal,
needs to be jargon-free, and is likely to be more interesting il it refers to the impact
‘ol rescarch rather than the technical details of research methodology, funding issues
and/or data analysis. Sarah (sciericc communicator), who has extensive media

experience, spoke of the need to simplify information for the media:

I think to communicate with the non-technical public you do have to have
better communication skills than when you're dealing with scientists, because

“you not only have to be able to regurgitate what your rescarch is about, but
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quite often ybu have 1o explain in very, very simple terms, You have 1o be
able to explain that in terms of ultimate benefits and how it fits into big
picture stuff. And with the non-scientific public, they really are interested in
end points - Why are you doing this? What’s it going to do for me? Which is
stuff that scientists don’t naturally sort of think about when they're doing
their research, They think about it in sort of one piece of the jigsaw, and when
talking 1o the other scientists are happy to keep on talking about.lhal one
piece of the jigsaw stuff. (Sarah, November 4, 2005)

~ Cate and Charles (science communication lecturers), both likened the ability of
scientists to communicate with non-scientists to the abilily to communicate in two

different languages:

We forget that we need to be bilingual. We need to speak in plain Ehglish
because when we learn oﬁr own subject area and discipline we learn all the
jurgon that goes with it and when we talk about our discipline we continue to
use the jargon, even when we're talking to pcople outside of the discipline,
And that’s what people need to re-learn — how to speak in plain English about
their own discipline. (Célc, October 27, 2005) '

When you're communicating with other people you're communicating with
people who share many of the concepts, and skills that you have, So if you
say something, even if it's an acronym, immcd_ia_fely they will know, If you
say ATP ladenosine tri-phosphate] they recognise and understand that. It you
Saj' AP 10 a community grbup they won't have the slightest idea what you
just said.....So [ think that’s the problem, In a sense it's almost like you're
going to a new country. I’ you go to a new country you make all the efforts

. _ybu can to properly understand the language, the currency, the customs, And

~ that’s in a sense what you do when you talk to community groups, You're
actually in a different country. You're no longer in the country of scientists or -

biotechnologists, people who don't have the background. They haven't spent

170



SCVEN years, en years, lwenty years working in this arca, {Chiaties, November
11, 2005) '

Three ol the science communicators, Erin, Chloe and Jane, felt that science
communication lacked an clement of negotiation between scientists and non-
scientists. Erin stated “scientists make a unilateral decision - this is what I'm poing

to tell them™ (November 28, 2003). Chloe stated:

I don”t know many places that do it really well because they tend to come
from a science is right perspective, rather than science needs 10 negotiate
what's appropriate. So they ask the question *ls it possiblc.'?’ not *ls it
appropriate?” And so they come and tell you all the things they could possibly
do with nuclear poser. biotechnology, whatever it is — instead of negotiating

with the general public, {Chloe, December 12, 2005)

Jane also stressed that the training seientists reeeive in how to communicate with
their peers is not only different to the skills required to communicate with non-
scientists, but can be a barrier to this process. Jane felt that while effective science
communication between scientists and non-scientists should attribute cqual value to.
the opinions of both partics, scientists are likely 1o enter into this proeess secing

themselves as representing a position ol expertise:

I think that pecr-to-peer communications is not only different from non-peer
communications, Actually, I think training in the scientific and engineering
and 1echnological communities - in terms that their training in dealing with

- each other, | think - is actually an obstacle. Because their status and the
pereeived value of what they say is associated with people’s perception of
their tevel of expertise. And it's not that that’s not relevant when you're
dealing with non peers. It's just that that's how people see the information
that's in their head. Whereas | think they've really got 1o get to a position of
real humility where they realise that what's in the 'lu'y.pcrson's head is just as

important as what is in theirs, We cannot make a wise decision without both,
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that a position of educated or thoughtlul ignorance, thought{ul ignorance is
probably the only valid way to go forward. If we don’t actually have a really
good grasp of our own ignorance, then it makes it diflicult. (Jane, November
15, 2005)

The science communicators and science communicalion lecturers were also asked if
they {elt generic communication skitls training is sufficient for biotechnologists to
develop an ability to communicate with non-scientists. Of the eight that answered
this question, two felt this form of training was a “good start™ (Sarah, science
communicator, November 4, 2005} and “better than nothing” (Cate, science
communication lecturer, October 27, 2005). Six of the eight indicated that generic
skills training alene would be insullicient training because it would not provide the
underlying rationale for why science communication is important and could not
provide the science students with an understanding of seience communication per se.

For example, Jane and Charles stated:

That sort of level is technically based. In other words it’s about how can I
improve my communication? That’s important - what I call nuts and bolts -
but the nuts and bolts has to be put into some sort of context. In other words
we need to understand why are they doing this, what’s the point, why we do
want lo communicate with people? And they need to understand it’s not just
a matter of communicating 1o, it’s also listening, What are the community
concerns? Are they real coneerns? Are they perceived concerns? And

whichever they are, they need to be tackled. (Charles, November 11, 2005)

If we actually start thinking about what it means to play a civic role, lo me
that implies that it’s not just about how do you get the public to understand
what we're doing, A civic role, almost by definition, is how do we as a
society make decisions? How do I play a responsible role in that decision
making process?...... [How am 1 an active player, an active responsible player
in that decision making process. And that's what it means for a scientist to

play a civic role. (Jane, November 15, 2003)
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Three spoke specifically of the need to learn communication skills in the context of
science, Wendy (scicnce communicator) said “1 do believe that it has to be taught in
a context because that gives peopie an understanding. It tests their understanding. |
mean, communicating science isn’( just about rattling something of 1™ (December 5,
2005). Cate (science communication lecturer) noted a number of specific

communication skills required by scientists:

But I do think with science there is this specific role for unlearning j.argon in’
science communication. The other thing is complexity of the issues involved
and the fact that we’re doing all these technological — making technological
advances that are going to have huge impact on our whole society. And we,
as scientists, just go *Yep, this is grcat’. And we don’t spend a lot of time
2ross géneralisation — thinking about the moral and ethical implications of
our owh reséarch ... There's a greater need for that in science communication.
The other thing is how do you communicate uncertainty in the scientific:
process to the public, because [ think that’s a really important part of science
communication...... we say well, maybe and mmm, you know, all the time.
[t's so frusirating to the public. We need 1o learn how to minimise that while
still staying true to our scientific understanding, Yeah, so there are a lot of
specilic things with science communication that I think could be much better
explored in communication units that are specifically doing, you know,

targeting scientists. (Cate, October 27, 2005)

There was also recognition by two science communicators that the generic skills
training of carly-career biotechnologists was often translated by lecturers into an oral

presentation that did not necessarily teach students any skills,

We can say that every student who graduates from this university will have
given at least one, probably two, oral presentations in their career, That is not
an oral communication skill because it doesn’t demonslraie. whether they’ve
improved, whether they are good, whether they’re bad, whether they’ve

actually developed that skill. (Erin, November 28, 2005)
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I somehow foel some of those efforts are fairly superficial because often
communication skills come across as being OK, you know, do an oral
presentation for 20 minutes and that'll be worth 20% of your course, but
-students do not learn to communicate that way, They’ve practised
communication but they haven’t learnt to communicate. (Wendy, December
5, 2005) |

Finding 46.: The majority of the science communicators and science communication
_ lecturers indicated that the skills required for science communication with non-
scientists are significantly different from those required for communicating \with
Jellow scientists, and generic communication skills training is insufficient training
Sor biotechnologists to develop an ability to communicate with non-scientists. One
science communicator felt the form of communication training that scientists receive
could present a barrier to public engagement and two of the science communication
lecturers felt scientists needed to be aware and proficient in both forms of
communication. Three others noted the need for science communication training to
incorporate fundamental aspects of science communication theory such as why

public engagement is imporiant for scientists.

6.6 Conclusions

The data {rom this chapter which addresses Rescarch Question 3 indicates the
majority of the early-career biotechnologists, lecturers, science communicators and
science communication lecturers are supportive of the provision of science
communication training for biotechnology students at the undergraduate or
postgraduate level. The lecturers, however, were able identily a number of barriers to
the provision of this lraining, notably the inability to find room for science |
communication in an already crowded biotechnology curriculum and a predicled lack
of interest in science communication by biotechnology students. The responses of the
undcrgrad‘ualc and doctoral students clearly supported this view, with the

undergraduates raling science comumunication as one ol the least important
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components of a biotcchhology program and the majority of doctoral students

indicating they could not see the value in this form of communication training.

The majority of carly-career biotechnologists, lecturers, science communicators and
science communication lecturers also indicated that they felt the capacity for all
scientists to enpage the public could be improved with training. While many
suggested the provision of generic communication skills training would be a positive
inclusion within the training of science students, many felt public engagement
requires specialist understanding, knowledge and skill sets that cannot be provided
by a gencric communication courses. Furthermore, while the undergraduate and
postgraduate lraihing programs provide the students with training in how to
communicate with their peers, scientisi-to-scientist communication was seen to be

significantly different to the processes involved in public engagement.

Both the lecturers, science communicators, and science communication lecturers
were able to describe numerous benefits of scicnce communication, The
biotechnology lecturers saw these benefits in terms of what the students would gain
{from improved science communication {raining. In contrast, the science
communicators and science communication lecturers saw the benefits in terms of the
gains the community would make from improved public engagement in science, |
including biotechnology students' greater appreciation of the value of science
communication, and greater understanding of, and sensitivity lowards, community
views and concerns. All of the science communication lecturers indicated that
improved science communication training would enable biotechnologists 1o better

reflect their practice and be better civic scientists as a result.

Overall, however, the lecturers, science communicators and science communication
lecturers were pessimistic about the likelihood of inclusion of science
communication training within the science curriculum in the short term, In the long
term, some were optimistic that biotechnology education would be slowly
transformed in a manner that would favour the introduction science communication

training within the tertiary training of science students.
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7. DISCUSSION

The results presented in the previous three chapters of this case study describe the
status of science communication training within an undergraduate and postgraduate
biotechnology program, the stakeholders’ views of science communication and
science communication training, and the faciors that may facilitate or inhibit the
provision of this training. The present chapter begins with a brief summary of thesc
chapters then returns to the conceptual framework underpinning this siudy and
discusses the results with respect to the three spheres represented in the framework
(tertiary education, biotechnology, and science communication), The implicaliohs of
these results for the development of civic scientists through science communication
Iraining are then 'cxplorcd by drawing tdgcther the data from each of the framework’s

spheres,

In light of this exploration of civic science and science communication training, the
conceptual framework is then reconsidered and revised. It is anticipated that
consideration of the revised conceptual framework and how it may need to be
transformed will provide an improved undersland'ﬁng of how science communication

training for tertiary biotechnology students can be improved.

7.1 Summary of Results

The results presented iﬁ Chaptcr Four which explore the current status of science
communication education {or tertiary biotechnology students in the case, suggest that
science communication training for the students within this program is poor. Very
few of the students and graduates of the biotechnology program indicated that their
degree program provided them with any form of science communication training.
Very few of the lecturers were able to identify where in the biotechnology prog'ram
the students are taught communication skills beyond the provision ol report writing
skills, and there was little encouragement for the students to enrol in the

communication units and courses available. The apparent absence of any form of
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formal science communication training for the biotechnology students in this case
study suggests these students’ are unlikely to enter the workplace as capable civic

scientists.

While science communication {raining at the undergraduate and pos-tg;aduale level in
the biotechnology program is poor, the results described in Chapter Five suggest lhai
mosl of the participants in the case study feel that biotechnologists shouid be
involved in some capacity in engaging the public in science. In Chapter Five, the
impact of stakeholders’ views of science communication on the provision of civic
science training for students in the biotechnology program was explored, Despite
many of the stakcholders agreeing that biotechnologists need 1o take on a civic
science role, there was significant variation in the stakeholder groups with regard to

their views of the relative importance, nature and scope of this activity.

While the undergraduate students’ acknowledged that it is important that non-
scientists understand biotechnology, they did not feel that communicating with the
public is as important as communication with other groups. The carly-career
biotechnologists and lecturers indicated that science communication should not be
compulsory [or biotechnologists and were supportive of using science
communicalors as a buffer between scientists and the public, In contrast, the science
communicators and science communication lecturers indicated théy felt there was a
role for a.ll scientists in public engagement and were able to identify a number of
drawbacks stemming from a lack of direct engagement between scientists and the
public. The results from Chapter Five also indicated that many of the science
communicators felt biotechnologists are not sufficiently aware of the approaches
they should take to public engagement and could beneﬁl‘ from science
communication training that focuses on the understanding of what science

communication is and why it is imporiant,

The stakeholders® views of science communication training for undergraduate and
postgraduate students in the biotechnology program were cxplored in greater depth

in Chapter Six. The resulls presented in this chapter suggest that while the many of
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the stakeholders in the case are supportive of the provision of slcience communication
training for biotechnology students at the tertiary level, there are a number of barriers |
to the provision of this training including a crowded curriculum and a predicted lack
of interest in science communication by biotechnology students. The responses of the
biotechnology students towards science communication training clearly support the

perception that these students do not value this form of training.

Chaplcr Six also showed that the majority of stakeholders in the case study feel the
capacity for scientists to effectively engage the public could be improved with
science communication training. Many indicated that public engagement requires
specialist understanding, knowledge and skill sets that cannot be provided by a

~ generic communication skillé {raining. And while the undergraduate and
posigraduate training programs provide students with training. in how to
communicate with their peers, scientist-to-scientist communication is significantly

different to the processes involved in public engagement.

The benefits of improved science communicatioh training for biotechnology students
were also explored in Chaptcr Six. While the biotechnology lecturers expressed these -
benefits in terms ol whhl the students would gain from improved science
communication training, the 'Scicnce communicators were more likely to see these
benefits in terms of the gains the community would make from improved public |
engagement in science. However, while the many of the stakeholders could outline
the proposed benelfits of science communication training at the tertiary level, many
were also pessimistic about the likelihood of inclusion of science communication
training within the science curriculum in the short term. The following section

_ dis'_cusscs these results in relation to the conéeptual {ramework underpinning the

present study,
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7.2 Conceptual Framework

The focus of the present sudy is the intersection between the three spheres of the
conceplual framework: biotechnology, tertiary education, and science
communication. In the discussion of the casc study that follows, the views of

stakcholders from all three spheres represented in the framework are considered.

From the tertiary education sphere of the conceptual framework, the views of
undergraduate biotechnology students, the postgraduate slu.dcnts enrolled in the
biotechnology doctoral program, and the lecturers and supervisors of these students
in the c'asc study arc explored. Exploration of the views of these stakeholders provide
a rich description of science communication training within the biotechnology
program in this case study from the perspective of both student and teacher. A
number ol these lecturers and supervisoré also present their views from a position

that is also informed by cxpcriéncc in biotechnology research,

From the biotechnology sphere.of the conceptuél framework, the vicws of early-
career biotechnologists are explored. Exploration of the views of this stakeholder
group provides a rich description of scicnice communication training from the
perspective of a biolechnologisi new to the workplace. As these éarly-carcer
biotcchnoldgists arc also graduates of the biolechnology program, their perspective
contributes to an understanding of how this program in particular prepares ils

grdduates for civic science in the workplacc

Finally, from the science communication sphere, the views of science
communicators and science communication lecturers are examined. Exploration of
the views of these two groups of stakcholders provide a rich description o science
communication {raining within the biotechnology program in this case study from a
perspective external to the case study, yet informed aboult science communication
and the practice of science communication training. As some ol science o
communicators were biotechnologists or scientists in another discipline prior to

commencing their carcers as professional science communicators, these science
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communicators also contribute views informed by their experience as scientists and
science communicators. In the'case of two of the science communication lecturers -
with a background in scicnce, their perspectives are also informed by their prior

scientific practice.

7.2.1 Perspectives from the Tertiary Education Sphere ;

The results from the stakeholders in lhe'teniary sphere suggest there is a lack of
formal science communication training for the undergraduate biotechnology students
in the case. This is likely to be a major factor contribuling to their limited
undefslanding of science communication. Science communication is the effective
comrr':llunicalion of information about science and technology, and in the broadest
sensc this encompasses both the I'orms. ol communication that occur between
seientists and the forms of communication that occur between scientists and non-
scientists, It has been suggested that these forms of science communication are

~ distinct and scientists need to be able 10 skilled at both of these very different modes
of communication (Aikenlicad, 2001; Holten, 1978). In the present study, very few

~ students acknowledged that science communication could involve both scientist-to-
scicnlis_l communication and public engagement. Given that the only form of '
assessable science communication training the students are providéd with in their
degree program is formal report writing, it appeérs urtlikely that the students are
aware of the differences between these forms of communication and even less likely

that they are skilled in both.

None of the undergraduate biotechnology students in the case study acknowledged
that science communication could involve the mutua! transfer of information
between scientists and the public thr;ﬁugh open and equal dialogue, with some
defining seience communication as a one way transfer of knowledge from scientists
to non-scientists, Known as the deficit appfoach to science communication (Clark &
liman, 2001), this approach assumes that non-scientists respond negatively to

scienee and 1echnology primarily because of a deficil in scientific knowledge, and
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understanding and acceptance of science can be achieved by the provision of

sufficient scientific information to reduce this deficit,

Since the !’ifblfc Understanding of Science report {irst sanctioned the deficit model |
two decades égo (Bodmer, 1985), science communicators’ and policy-makers’
approaches to science communication have advanced significantly. It is now felt that
support for science cannot be achieved through improving the understanding of
science alone. Science communication must attempt to build trust through dialogue
in which parlicipﬁnls must be aware of, respectful of, and responsivc.to the
knowledge and concerns of all groups involved (Clark & Illman, 2001). Dcsp.ite
widespread suppori for scientists to revise their approach to science communicatioﬁ
to encompass this revised form of public engagement, evidence suggests many
scientists still see education of the public as the primary reason for science

. communiéation (Royal Society, 2006b). The resulls.of the present case study suggest

the next generation of biotechnology graduates may also hold these outdated views.

In the present case study, science communication training is available to the
undergraduate students in the form of an elective unit, offered externally to the
science division. This unit aims to provide students with an unders.tanding of science
communication, the dominant models of science communication, and the contexis in
which science corﬁmunicalion oceurs. The undergraduate students’ lack of
understanding of science communication (and in particular their outdated views of
the purpose.of public éhgagemem) may be addressed by ensuring they complele this
unit. However, none of the biotechnology students participating in the case study,
either undergraduate or posigraduate, had enrolled in the unit and many were

unaware the unit existed,

Two of the factors contributing to the lack of biotechnology students enrolling in this
unit may be that the unit is not offered by the science division of the university and it
is not widely promoted as a recommended clective to the students. While .irﬁproved '
promotion of the science communication unit to the students and lecturers in the

science may increase their awareness of the unit, the results of the case study suggest
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promotion of this unil alone is unlikely to improve biotechnology student enrolments
in the unit. When informed that a unit in science communication was available, none

of the students in the case study indicated they intended to enrol,

One lecturer suggested that biblcchnology students who sce themselves as
developing rescarch carcers may not see sufficient value in science communication
to choose this unit over other available electives. Another of the biotechnology
lecturers suggested the relevance 6[‘ this unit to science students may always be
questioried because it is not offered from within the science division, The funding
structure of the unjversity, in which programs are partly funded on the basis of the
number of students enrolled within units in the division, may also reinforce
promotion of elective units offered from within the division in preference to others.
For these reasons, it seems unlikely that a majority of biotechnology students will
elect to enrol in- this unit if it continues to be olicr(.d externally to the science
dlwsmn Alternate forms of science communication training offered from within thc
science division are likely 1o be required for these sludcnls_ lo gain a better |
understanding of science communication and develop the skills required for scientist-

1o-scientisl communication and public engagement.

While the biotechnology students’ showed a lack of understanding of science
communication that may be attribuled to a lack of science communication {raining,
both the undergraduate and poslgraduéle students did agree that biotechnologists
have a role to play in science communication and acknowledged that it is importani
for non-scientists to understand biotechnology. owever, from further analysis of the
undérgradhate students’ responses it appears that many of these students equate an
improved public understanding of science with improved acceptance of science.
Furthermore they do rate public engagement highly in comparison fo communicating
with other possible audiences, such as fellow scientists, government and industry.
This suggests that while these undergraduate biotechnology students arc supportive
of biotechnologists’ role in science communication, they have little understanding of
its function and fecl public engagement is a low priority in comparison to other

forms of science communication.
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In the Role of Scientists in Public Debate survey (Royal Society, 2006b), scientists
were asked a similar question to these undergraduate biotechnology students, When
asked “How important do you feel it is that you personally, in your current post,
directly engage with each of the following groups about your rescarch?” 60% of the
scientists afforded policy makers (60%) and 47 % afforded industry a high level of
importance. In contrast much lower levels of importance were afforded to media
representatives, non-government organisations, and the non-specialist public by

many ol the scientists,

~ The results of the present study in combination with the results of the Role of
Scientists in Public Debate survey (Royal Society, 2006b) suggest that scientists.
from very early in their career, see engaging with the pubiic us something
biotechnologists should be involved in principle, but in practice alford this activity
little value, The low numbers of scientists participating in public engagement is
likely, in part, to reflect the low level of importance attributed to these activitics. For
scientists to engage with the public in a systematic way, it is likely that scientists will
need to move beyond appreciating the need to participate in public engagement, o

“acknowledging the importance of their own participation in these activities and
rating public engagement of equal importance as all other aspects of scientific
practice. The results of the present study suggest this required attitudina) change may

need to be explored as carly as the undergraduate years.

The results of the Wellcome Trust poll of UK scientists (Wellcome Trust/MORI,
2000) and the present case study, indicate that communicating with the media is
ranked low in importance by both the scientists and students surveyed in these
studies. A culture of distrust of journalists and broadeast media (Triese & Weigold,
2002) has been identified as a significant barrier to involvement of seientists in
sciecnee communication programs and aclivilic_s. and results (rom this case stady -
sugpest this distrust may begin as carly as the {irst ew years ol science lraining. As
the media ts an important conduit through which science and technology is
cnmmunicatcd and the bulk of science communication programs locus on

communieation through television and print media (Borchel, 2001), elfective
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inferaction of scientists with the medin is required for public engagement, Media
training for scientists aimed at increasing their ability to interact elfectively und
comfortably with media representatives is therefore clearly warranted, However, as
the present study has indieated that undergraduaie students have o strong mistrust of
journalists, this training will initially need to redress students' negative views of

working with the media,

While media training is elearly desirable lor seientists, there is incrensing recognition
that other forms of public engagement, including interactions at work, at home and in
education settings, also hove an important role w play in scienee conumunication _
(Borchelt, 2001). Media training in isolation, therefore, is unlikely 1o be sufficiemt
training for scientists’ wishing to engage in other ways with the public. Science
communication training will need 1o address noconly the basic skills required 10
work with the muss media, but will also need to provide training in all other
approaches to public engagement, In the present cuse study, the lecturers report
concentrating their science communication training almost exclusively on developing

undergraduate students® report writing skills.

in addition to the elective unit in seience communication offered 1o the
undergradume students, the doctoral students entolled in the biotechnology program
are able to enrol in a communiention ¢aurse that nims to equip them with generic
communication skitls, Ui university stipulates in its Researeh Student Supervisor
Policy that supervisors should arrange any training neeessary for their students
ncluding the generic skills communication training course, Despite this. none of the
doctoral students repurted being encouraged to enrol in the generic communication
skills course or participite in public engagement activities by their supervisor,
suggesting the supervisors did not see this training as necessary for their students”
research degree. None of the postgraduate students hud completed the course. As
research supervisors are in the best position to provide guidance 1o their students,
their mentoring with respecet to science communication training may need to be

explored if the civie setence capacity ol these doctoral students is 1o be improved,
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The mentormg process in postgraduate studles 18 an integral part of postgraduatc A
trammg In the NIH report Adviser, Teacher, Role Model, Friend: On Beinga
Mentor to Students in Science and Engmeermg (NIH, 2002}, a mentor is deﬁncd asa
“person who has achieved career success and counsels and guides another for the
purposé of helping him or her achieve like success”. The report suggests that
research supervisors have a responsibility to discuss with and advise their students on
aspects of their work and professional development, including science
communication. Others have also noted that enthustasm for communicating science
with diverse audiences can be “very valuable training” for students and “great
mentors” encourage their students to de\)elop these skills (Lee, Dennis, & Campbell,
2007, p. 797). Greenwood and_Rior'dan (2001, p. 34) state that “Established |
scientists, especially those who are nationally and intemationally known, have a

- special opportumty, even an obligation, to stimulate and encourage the best
scholarship of faculty and students as well as good c1tlzensh1p and pubhc service’.
The Royal Society (2005) also ackn_owledg,es the need for establishing role models

-and advocates for public engagement.

A recognised difficulty in mentoring at the posigraduate level is getting the right
Halance in guidanée. According to Lec and coworkers (Lee, Dennis, & Campbell,
2007) cnecouraging independéﬁce and nurturing creativity is paramount, but students
should not be given so0 much freedom lhat. the only way they learn is through their
mistakes. In the present study, independence was a term that came up repeatedly in
the doctoral student interviews. Whilst developing independence is clearly an

| important aspect of research training at this level, these students are still require
mentoring'in science commum’cation. The level of support and encouragement for
science c_ommunicatioﬁ Ip?ovided by supervisors is likely to have an influence on
enrolment in generic communication ski IIs course and participation in scientist-to-
scientist and public engagement communication activities. And if these students are
to improve their civic science capacity they will not only need support for their
science cbmmunit_:ation activities, but supervisors will need to provide sufficient

guidance and feedback to enable the students to learn from their experiences. This is
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' llkely to require mcreased understanding and apprec:atlon of the value of publlc

-engagement by both the students and the supervisors.

When asked why they had not undertaken any science communication activities, a

- number of interviewees cited commermal issues as a 51gmf' cant barrier to engaging

the public in their research. As noted by the International Council for Science

- (ICSU), a non-governmental organization that provides a forum for discussioﬁ of

issues relevant to policy for international sciencc,'science_has changed in the 21*

" Century and finance and commercialisation are having a major inﬂue.ncé.on the
practice of science (ICSU, 2005). Ziman (2000} suggests we are radically and
irreversibly moving towards “industrialized” science where researchers are funded

: ;by private corporations and research is commissioned and proprietary. Public interest
m research, however is not limited to publicly funded research but also is in research

3 from private or commercial sources, The Royal Soc1ety (20064, p. 10) suggests that

“consuder_atlons of intellectual property rights, _commermal confidentiality and

security, whilst important, should not invariably prevent the research community

within the private sebtor from meeting their responsibilities with respect to the

cbmfnunication of research results that have implications for the public”, This is

another aspect of science commuhication that will invariably require mentdring by

supervisors to ensure that students are encoluraged and able to engage in science

communication activities despite the perception of possible commercial barriers.

The perception that communication with non-scientists should only occur in response
10 a request for information from an interested party, was also cited as a barrier to
public engagement by the doctoral students. Using the UK’s Freedom of Information
- -Act (Freedom of Information Act, 2000) as a guide, the Royél Society makes it clear
that information in the public interest should be distihgui shed from information that
is interesting to the public (Royal Society, 2006a). In genefél, t_hé public 'inter'est_ is
served where access to a piece of information can; further the_:'p.ubl.ic’s_understanding
of, and par:i_cipation in, the debate of iséues of the day; facilitate accountability and

transparency of researchers, funding bodies, and employers; allow individuals to
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understand how the results of research affect their lives and, in .some cases, assist
individuals in making informed decisions in light of the results; and bring to light
“information affecting public well-being and sal‘ely'.-' Clearly this is another area where
student mentoring is likely to be of paramount importance as research supervisors

would be better placed to détermine if the students’ research is in the public interest.

In many cases the students‘.research may be considered 100 premature to be of public
interest. While this may preclude ihem_ from engaging with the public about speciﬁc
dspecfs of their research, it should not preclude them from parli.éipating in science
communipation activities altogether. Research students are likely to need the |
opportunity to practice their science c'ommupic:ati_o.n skills and it is likely that they
could engage with the pLiblic with regard to a number of broad areas linked to their
research. Research supervisors may need to be aware that there are many ways in
which scientists can engage with the public, and many areas of science which can be |
communicated. Research supe’rvisbrs may also need to encourage this engage;me_nt.
“whilst monitoring the students’ research fbr possible areas of public interest and

communication.

While the inclusion of science communication training in the postgraduate program
as recommended by the Science and Society report (House of Lords, 2000) may be
éffe_ctive for impro_{zing the sciehce communication capacity.of postgraduate
students, a prop'brtion of undergraduate students will ri_ot undertake studies at this
level. If science communication is to be inciuded “in every scientist’s job _
description” as récomménded by Borchelt (2001), science communication training
“may need to b_e' included in the undergfaduate program to ensure all students
graduate with .lhe required level of science communication understanding and skills
to take on this role. The inclusion of science communication training in the
‘undergraduate program is likely to improve graduates’ unders_témdi n'lg of the

importance of civic science and ability to take on this role voluntarily.

While changes to science communication training of both the undergraduate and

doctoral students in this case study is clearly required, these changes will need to
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take into account the value these students place on science communication training.
The results from both the uhdefgraduate and postgraduaté students suggest they view
this trainihg as one of the least important components of their degree programs. From
the follow-up interviews it was evident that some undergraduate students ranked the
comm_unibafion with non-scientists item as a relatively unimportant component of
their training'because they did not value public engagement. Others felt science
communication training is only required for students who intéhd to become specialist -
science communicators, not those who intend to pursue czireers as research scientists,
These views of science communication and science communication training may
also be shared with undergraduates enrolled in other science programs, as the results
obtained for the biotechnology students in this case study were comparable to the |
resuits obtained for the other science students surveyed. Overall, these results
suggest that if science communication tra.ihing is offered at the tertiary level asan
electiverunit, it will need to be seen as valuable by the students if they are to enrol.

Currently, these students do not appear to value this form of training.

Given thal many of the undergraduate and doctoral students do not have a good
understanding of science communication, and many do not value science -

communication training, the provision of an elective science communication unit

*.. may only altract those students with a pre-existing interest in science

communication. A number of the students and lecturers suggested that science
communication training would be better offered as a po_stgraduaie course for students
interested in pursuing science communication careers. Errington and coworkers
(Errington, Bryant, & Gore, 2001), however, suggest that offering postpraduate
programs in science communication is like “preaching to the converted” as the
graduates in the program already have a keen interest in science communication,
generally'have quite good communication skills, and generally find employment
within the science communication industry. If science communication training does
not reach science graduates who remain in mainstream science research, their civic
science skills may never be fully developed and public engagement may not be

improved.
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_DcSpite very few of the biotechnology lecturers incorporating science
communication traihin"g' in any formal way into their teaching practice with the
exceptidn of report writing, many indicated they would like science commhnication
training included in the biotechnology program. Ideally, they would embed this form
of training within existing units. As evidence from the USA’s National Research
Council (NRC) suggests in-depth knowledge of a subject is best understood when
learnt within a rich context (NRC, 2000) delivering the material within existing units
may be the preferred option. However, it would require the lecturers of each of the
units to teach the fundamentals of science communication theory and practice in the
context of their unit. Given many of the lecturers indicate they do not currently teach
science communication and very few have significant experience in this aréa,’ itis
likely that lhiS would require many of the teaching staff to undertake professional
development in this area in order to teach science communication confidently and
effectively. As command of the subject and enthusiasm have been identified as two
components of effective teaching performance at the tertiary level (Hildebrand,..
1973; Sherman, Armistead, Fowler, Barksdale,'& Reif, 1987), professional
devélopment for these lecturers w_ill need 10 aim to improve their understanding of
science communication, teaching strategies, and an enthusiasm for teaching this

material.

The assessment of ahy science communication material included within science units

. may al$0 need to be carefully considered. Assessmeni regimes are thought to be one

_ of the most important factors defining the curriculum and changing assessment
regimes are a powerful means of changing students’ learning practice (S. Brown &
Knight, 1994; Ramsden, 1992). In the present study none of the biotechnology _
lecturers formally aSscssed'any science cqmmunication skills within their units, other
than oral presentation skills and report writing skills. Careful consideration of how
science communication material mziy be assessed and how this assessment may
influence student Jcarning in this area is clearly required. The inclusion of assessable
material may not only shape the students understandirigs of science communication,
but niay also helpio reinforce that science communication is a valued part of

science. If science communication remains an unassessed component of a degree
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'program it is possible the students will view this science communication as an

opnona! exfra rather than an mlegral part of their training,

A barrier to the introduction of scienee communication within the science curriculum
may be the perception of science communication as a soft science. Qualitative data
obtained from the Royal Society’s Survey of Factors Affecting Science
Communication (Royal Society, 2006b) suggest that some rescarchers. believe that
public engagement is a “light’” or “fluffy” activity undertaken by those who were
“not good enough” for an academic career. These views were shared by a number of
interviewees in the prescnt case study. Autonomy is a central feature of Australian
universities and each institution has the freedom to specify its own modes of _
teaching and research and the range and content of educational programs. As such,
university curricula reflect the values of t.he teachfng staff and working to change
_established approaches and attitudes in tertiary education is a difficult task. Until the
seienliﬁc community and science lecturers in particular, see science comrnﬁnication
as an integral and valued component of science, it may be difficult to find support for

the inclusion of this form of trainin'g within the tertiilry science curriculum.

There is recogmtlon by some 1nd1v1duals in the present case that the sole
responsibility for science commumcatlon training may not lie with undergraduate
lecturers or supervisors alone. Employers may also have a responsrb:llty for the
training of scientists in science communication wﬁh ongoing professional
development in the workplace that complements and reinforces the fundamental ‘

science communication training provided at university.

7.2.2 Perspectives from the Biotechnology Sphere

The views of the early-career biotechnologists from the biotechnology sphere
support the results derived from the tertiary biotechnology sphere. As graduates of
the program, and therefore representatives of both the biotechndlogy sphere and the

tertiary education sphere, these early-careers biotechnologists recollect receiving
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very little training in science communication in their degree program. The similarity
of the early—céreer biotcchnolo'gists and biotechnology students’ views of science

: commu-nicatio_n and science co_mmunicaticn training also suggest that students’
views of science communication do not change significantly when they enter the
workforce. This is likely 1o result, iri part, from a lack of science communication
training at university or in the workplace. Only one of the six interviewees had been
provided with any formal training in science communication since graduating, For
most of these biotechnologists, science communication has not been a part of their
training and is not a part of their professional development, and it is conceivable they
may never receive any formal training in science communication in the coilrse_ of
their career. Evidence from other studies suggests up to three quarters of scientists do
not receive any formal training in science communication (C.P. Brown, Propst, &
Woolley, 2004; Wellcome Trust/MORI, 2000). |

Despite }his lack of training, the majority of the cariy-career bictechnolcgists
interviewed in the prccem case study felt equipped to communicate about the
technical details of research. They did not feel as well equipped, however, to discuss
the social and ethical implications of their_fesearch. Similar results to this were
observed in the Wellcome Trust survey of UK scientists, which found that three
quarters of scientists surveyed felt equipped to communicate the scientific facts of
their research, but only 62% felt well equipped to communicate the social and cthlcal
implications of their research (Wcllcome Trust/MORI, 2000). Whether feeling
equipped or well equipped to communicate translates mtc-effcctwe practice in
science communication has yet to be determined. Given the lack of training of
biotechnologists reported in the present case studi,f, these career biotechnologists are
likely to have a limited understanding of this field. While they may fcel'equipped to
communicate, how effective they are in practice in engaging the public in dialogue
about their research is unknown. Training in science communication may influence
the wéy'thcsc early-career biotechnologists approach pcblic engagement by
addressing their limited understanding of civic science, and b_y making _thern better

- equipped to engage not only in debate about the technical details of their research buit

also the social and ethical implications of biotechnofogy.
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Tlie failure of the biotechnology industry to develop programs to deal with the
concerns of the public by addressing the social and ethical implicati'ons of research
has been described as a “major blunder that will not be easily overcome” and genetic
engingering has been described as providing “an object lesson in how not to
communicate” (Bryant, 2003, p. 357). The early-career biotechnologists and many
other participants interviewed in this case study agreed that overall, biotechnology
has not been communicated well, There was also recognition across the ;takeholder
groups interviewed that the communication of biotechnology is complicated in part,
by difficulties in defining biotechnology. Ffance and Gilbert (2006) who aim to
develop a model for communication about bioteéhnology, acknowledged the
difficulties faced by the public in definihg what biotechnology is. In paﬁicular, they
suggest the public may have difficulty in distinguishing genetic engineering from
genetic modification and may confuse biotechnologies that incorporate genetic
modification from those that do not, As the publics’ views of biotechnology are not
uniforrn and vary according to the specific application of the technology (Homig
Priest, 2001), science communication training for biotechnologists may need to
emphasise the importance of explicitly deseribing the nature of the biotechnology
research being communicated, specifying whether or not the technology involves

| genetic engineering or modification, and clarifying how the technology may be

applied.

In their interviews, a number of early-career biotechnologists indicated that the
public misunderstands biotechnology and needs to be told the truth. This group also
suggested that biotechnology communication could be improved by addressing any
misconceptions that the public have about biotechnology - views that are consistent
with the views expressed by the undergraduates in the present study, the scientists
surveyed in the Wellcome Trust poll (Wellcome Trust/MORI, 2000), and the
scientists surveyed in the Factors Affecting Science Communication study (Royal
Society, 2006b). These views suggest the early;career biotechnologists main
motivation for engaging with the public is to educate them rather than enter into
genuine dialogue. These scientists do not appear to recognise that the goal of public

.engagement is not compliance but informed critical engagement. In this engagement
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process, scientific authority and expertise are not removed but become one form of
expertise represented in dialogue positioned in the wider social context (Royal
Society, 2006b). Another form of expertise in the wider context may be the publics’
views of biotechnology. According to the Haste (2003, p. 10):

Throughout all of this is the underlying need for scientists and policy makers
to acknowledge public views and opinions as legitimate. Therefore, a starting
point for dialogue is that many categories of people have an interest in, and
indeed expertise relevant to, developinents in science that affect them.
Furthermore, allowing only one group of experts to define the terms of
reference will constrain what is included in the deliberations — at cost to the
value of the discusston, as well as the credibility of those discussions

amongst the wider public who are affected by them.

While nearly all of the early-career biotechnologists interviewed agreed that
biotechnologists have a role to play in public engagement, many supported the use of
science communicators as an intermediary between scientists and the public. They
were more likely than the stakeholders from the science communication and tertiary
science spheres to feel that a compulsory science communication role for
biotechnologists would be unreasonable. They indicated they felt those that choose to
limit themselves to research should have the right to do so, and in many cases this
may be preferred as forcing scientists with poor communication skills to engage with
the public may be detrimental to the discipline as a whole. This group, as well as
stakeholders from the other spheres, portrayed researchers as passionate, focused and
disconnected individuals. This _was'oﬂen used to give legitimacy to the refusal by

some researchers to participate in science communication activities,

There are conflicting views in the literature about the personal role scientists should
take in science communication, and the way in which the civic science role is
viewed, The Royal Society concluded in the Factors Affecting Science
Communication report (Royal Society, 2006b, p. 14) that it is “undesirable to require
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all scientists to engage with the public”. Clarke (2001, p. 5) suggests it is “important
to recognise that some scientists are uncomfortable dealing with a non-specialist
audience”, She suggests that the best ambassadors for the profession are those who
can “communicate comfortably, without jargon, in an appropriate context”, Others
contend that every scientist has a civic science role to play (Borchelt, 2001). Pitrelli
(2003) suggests there is a constant exchange of scientific information in many
contexts, and all scientists take on science communication roles whether they are

aware of it or not.

Evidence suggests that scientists are more likely than not, at some stage of their
career to communicate their research at some level. The Faciors Affecting Science
Communication survey (Royal Society, 2006b) found that over a twelve month
period, 74% of sciehtists surveyed had taken part in at least one science
communication or public engagement activity. Over half of those who did not
participate stated they would like to spend more time on public engagement, While
science communication training, therefore, is likely to be valuable for those who are
naturally good communicators, scientists who do not choose to be high profile
ambassadors for science are still likely to engage with' the public at some stage and
could benefit from training in this area. With increased pressure on scientists to
communicate, the proportion of scientists engaged in science communication and
their level of involvement is likely to increase. It is important to note however, that
scientists should not see this role as requiring a high media profile, such as the role
tulfilled by scientists such as Jared Diamond, Stephen Gould or Carl Sagan.
Gfeenwood and Riordan (2001, p. 30) suggest these scientists should not be
characterised as civic scientists, per se as this “would be too intimidating to the rest
of the .science community who have estimable, but less extraordinary,

communications talents”,
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723 Pérspecrives from the Science Communication Sphere

The results from the stakeholders in the science communication sphere, the science
communicatoré and science communication lecturers, suggest the level of science
communication training provided to biotechnologists is insufficient and early-career
biotechnologists in particular, are not sufficiently aware of the approaches they
should take to public engagement. The science communication fecturers indicated
that biotechnology students need training that extends beyond report writing and oral
presentation skills — training that provides more than the tools with which to “spin”
messages about biotechnology. Rather, they require training that focuses primarily
on understanding what engagement constitutes and why it is important for

biotechnologists and the biotechnology industry to engage with the public.

The science communication lecturers who currently teach this subject, report a lack
of suitable material 10 support science lecturers in delivery of this subject, and
believe this presents a significant barrier to the inclusion of science communication
training within the biotechnology program. Two of the science communication
lecturers have a background in science, and are therefore intimately aware of how
relevant the available science communication texts are to scientific practice. As
noted by the AUTC in their review of Australian biotechnology programs (Gray &
Franco, 2003}, there is a clear need for the identification and disseminatioﬁ of best
practice for teaching communication skills to biotechnology students. The
development and/or dissemination of appropriate material to support the provision of
science communication training by science lecturers within the tertiary science

curriculum is also clearly required if training in this area is to be improved.

Overall, the stakeholders from this sphere were much more aware than the other
stakeholders from the spheres of biotechnology and tertiary education, of the need
for scientists to move away from a deficit approach to science communication
towards dialogue. They were also more like ly than the others to suggest that

scientists should engage with the public directly and as a result many supported a
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compulsory role for scientists in public engagement including communication of the

social and ethical implications of research.

In the UK, a Wellcome trust survey found that 69% of scientists felt that they should
be responsible for the communication of the social and ethical implications of
science (Wellcome Trust/MORI, 2000). There is recognition, however, that scientists
may not be comfortable with communication that extends beyond the t:chnical
details of their work. Chaisson and Kim (1999) believe that to be comfortable in this
area scientists need a better understanding of the social sciences, They state “the
world beyond the microscope, telescope, or carefully delimited and controlled site in
which the natural scientist is most comfortable requires the natural scientist to
resonate to, to provide counsel for, and participate in policy decisions that in turn
require an expansion of mind and training into areas traditionally relegated to social

science.”

Since C.P Snow (1993) first stated that solving the world’s complex problems would
require collaboration between the natural sciences and social sciences by “bridging
the two cultures between the sciences and the humanities” there have been renewed
calls for an interdisciplinary approach to teaching in science. Eisen and Lederman
(2005) suggest the current university education system generates scientists with little
understanding of anything but science and non-scientists with very little
understanding of science. In their opinion, this system discourages a “scientifically

* literate, critically thinking public” (p. 26). They advocate a interdisciplinary
approach to teaching science that brings together “diverse groups of students,
scholars and community members to inspire re-thinking of issues across & broad
spectrum of disciplines, and in doing so, to teach non-scientists the science in a rich
context and to teach scientists the context of the science™ (p. 27). There was
recognition from one of the science communication lecturers that encouraging
multidisciplinary enrolments in science communication training courses could

strengthen both the research and communication skills of science students.
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Pitrelli (2003) also advocates bridging the sciences and social sciences through the
introduction of at least one philosophy unit into the science curriculum. He believes
philosophical training will provide a counterbalance to scientists “over-
specialisation, over-compartmentalisation and ivory-tower mentality” (p.1) and
augment their communication skills by improving their ability to interact with

diverse audiences.

7.2.4 Returning to the Research Framework

The findings from the present study suggest that despite increasing calls for
improved public engagement by scientists, there are still significant barriers to the
introduction of sctence communication into the tertiary biotechnology curriculum.
While the conceptual framework underpinning the present case study shows a clear
intersection between the three spheres of tertiary education, biotechnology, and
science communication, the exploration of these spheres in the present case study
show the stakeholders in tertiary education and biotechnology have very little
understanding of the objectives of science communication and science
communication training, There is very little science communication fraining
provided to biotechnology students apart form the provision of some report writing
and oral communication skills training for scientist-to-scientist engagement, and
science communication training is seen as a specialist form of training for students
who will pursue careers in science communication as oﬁposed to those who will
enter into mainstream research careers. The biotechnology students, lecturers and
early-career biotechnologists see engagement with the public as an optional extra to
the practice of science, a soff science that is best brokered by science communicators,
and a tool for improving the understanding and acceptance of science rather than
establishing dialogue between scientists and the public. Overall, these results suggest
the conceptual framework needs to be redrawn with limited connectedness between
the tertiary education and biotechnology spheres and the sphere of science
communication if it is to represent the actual state of science communication training

within the biotechnology program explored in the present case study.
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The following revised conceptual framework is proposed (Figure 11), In this revised
framework, the tertiary education and biotechnology spheres remain connected as do
the tertiary education and science communication spheres, but the three spheres no
longer intersect. In this framework, scitnce communication studies are represented
by the intersection between the tertiary education and science communication
sphercs; Biotechnology students who progress through these studies into the science
communication sphere (as represented by the orange arrow) emerge as professional

science communicators,

Tertiary training in biotechnology is represented in this revised framework by the |
intersection between the tertiary education and biotechnology spheres.
Biotechnology students who progress through these studies into the biotechnology
sphere (as represented by the blue arrow) emerge as biotechnologists. They enter the
biotechnology workplace without minimal science communication training directed
at developing their understanding of, and skills in public engagement. To reflect this,
civic science is no longer included in the framework. These biotechnologists then
interact with the greater sphere of society preferentially through intermediary science
communicators in the science communication sphere (as represented by the green
arrow). As many approach this communication from a deficii perspective the arrow

points in only one direction,

As there is little direct interaction between biotechnologists in the biotechnology
sphere and the public in the sphere of society, the biotechnology sphere in this model
is positioned outside the sphere of society, Godin and Gingras (2000) in their
Multidimensional Model of Scientific Culture acknowledge that many scientists view
science as external to culture. Bauer and coworkers (Bauer, Allum, & Miller, 2007,
p. 90) suggest that while science and society remain as separate spherés, the dual
problems of “the public’s understanding of science and of scientists® understanding

of the public are here to stay”.

198






Analysis of this revised framework suggests improving the provision of science
communication training for biotechnology students in this case study may lie in
returning to a conceptual framework that is closer to the original framework
presented in this study. The spheres of tertiary education, biotechnology and science
communication need to be drawn together, and science communication training
needs to be seen as an integral part of tertiary biotechnology education, It is
anticipated that by ensuring that biotechnology students are exposed to training that
aims to improve their understanding and skills in public engagement, they will
graduate as biotechnologists who value civic science, a propbrtion of which wili go

on to be effective civic scientists.

The revised framework also suggests that biotechnology needs to be better
positioned within the sphere of culture. Biotechnology students, lecturers, research
student supervisors and scientists need to appreciate that communication between
science and society should be reciprocal and at this level, science represents only one
sphere of expertise in the larger sphere of society. By interconnecting biotechnology
with science communication and education, and thereby strengthening the science
communication training of biotechnology students, these students will be ina
stronger position to appreciate the place of science within society and act as civic

scientists accordingly.
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8. CONCLUSIONS and RECOMMENDATIONS

If biotechnology students are to enter into the workplace as scientists that are willing
and able (o engage with both their peers and the public in dialogue about their
rescarch, prior to graduating from their degree programs they will need to progress
from merely acknowledging that science communication is required, to
understanding what science communication involves, how it is best achieved, and
why training in this area should be valued. It is unlikely this progression will occur
unless these students are provided with formal training in civic science.
Biotechnology curriculum planners will need to consider how students’ views will
impact on the choice of teaching material, how this material is delivered, and who it
is delivered by. In particular, they will need to address the students’ perception of the
value of communicating with non-scientists and how receptive the students’ will be

to learning these skills.

This chapter discusses science communication training for tertiary biotechnology
students based on the revised framework, and how biotechnology may benefit by
moving away from this framework towards one that is closer to the conceptual
framework originally presented in the introduction to this thesis. How {uture research
in this area that may also contribute 1o a better understanding of, and improvement
in, science communicatjon training is also discussed. The chapter concludes with a
series of recommendations aimed specifically at those involved in science
communication training for biotechnologists, in particular curriculum planners
associated with biotechnology pregrams with minimal science communication
training. Combined with ongoing research in this area, it is hoped that these
recommendations will lead to the improved science communication training and the
civic science capacity of biotechnology students and ultimately, an improvement in

the relationship between biotechnology and society.
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8.1. Connecting the Spheres of Tertiary Education, Biotechnology and Science

Communication — the Delivery of Science Commuaication Training

In the present case study, an elective unit dedicated to science communication is
available to undergraduate students, If all students in this case study enrolled in this
unit, the integration of biotechnology, science communication and tertiary education
may be achieved. However, the current views of the biotechnology students and
lecturers towards this unit and science communication training in general, suggest
the enrolment of biotechnology students in this unit will always reinain low.
Furthermore, even if this unit was shifted to the science division, the low level of
importance attributed to training in this area by the students suggests the science
division would be equally unsuccessful in attracting biotechnology students to enrol.
The provision of compulsory training in science communication may be the only
way of ensuring that all the students in the program arc provided with such training.
Given the views of students and lecturers to the delivery of science communication
externally to the science division, this training would ideaily be delivered from

within the science division.

Offering a compulsory stand-alone unit is one way of introducing compulsory
material into the science curriculum. Given the results of the present study which
suggest the lecturers are unwilling to deliver science communication training
themselves, this would appear to be a logical opiion as a science communication
lecturer could be contracted to fulfil this role. However, as in-depth knowledge is
best understood when learnt within a rich context (NRC, 2000), this material would
ideally be embedded within existing biotechnology units and taught in the context of
the material delivered in these units. There was widespread recognition by the
biotechnology lecturers in this case study that delivery of science communication in
this form would be preferable. But the lecturers also acknowledge this ideal would be
difficult to achieve, since there is little room in the curriculum for new material,
Science communication training would need to be given a higher priority for

inclusion than it is currently afforded.
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Moving science communication training from being an optional elective to a
compulsory component of biotechnology educatioﬁ will ensure that all
undergraduate biotechnology students are taught how to communicate with the
public. At the postgraduate level, the supervisors of biotechnology research students
would also need to be supported in their science communication mentoring capacity.
Over time, the provision of training in this area may help change views of science
communicat.ion and studems.may also be better placed to appreciate the importance
of this training, particularly if lecturers, supervisors and curriculum planners in the
program are seen to value science communication by supporting the delivery of -

materials in this area.

Lessons in how science communication may be integrated into the biotechnology
curriculum may be learnt from the analysis of biotechnology programs that have |
included ethics studies into the curriculum (Stern & Elliot, 1997). In recent years,
ethics has become part of many tertiary biotechnology curricula in response to calls
for the inclusion of courses in research and professional ethics in tertiary science
education (Lysaght, Rosenberger, & Kerridge, 2006). While there is significant
variation in the extent and content of ethics education provided to students in
different institutions, there is gradual recognition of the importance of incorporating
ethics into biotechnology degrees. Employers support the provision of ethics
education and undergraduate students generally regard ethics education to be

important.

8.2 Repositioning Biotechnology Within the Sphere of Culture - the Content of

Science Communication Courses aimed at Cultivating Civic Biotechnologists

Once there is clear support for the delivery of science communication training within
the biotechnology curriculum, the next consideration will need to be what the content
of this training should be. It will need to encompass scientist-to-scientist
communication skills, the generic communication skills required by employers, and

an awareness of civic science and skills in public engagement. At present, the
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biotechnology program in the case study provides limited scientist-to—séientist _
communication skills {(predominantly aimed at strengthening the students’ capacity
for report writing) and generic communication skills are delivered as part of the
university-wide Generic Attribute program. The results of the present study, ahd
surveys of science and biotechnology graduates, suggest the skills training in both of
these areas need to be strengthened. Of prime importance, however, will be the
inclusion of civic science training within the degree prograni. Until these
biotechnology students are provided with the science communication training
required to enable them to act as willing and able civic scientists, it is likely that
biotechnology will continue to see itself as external o society and unable to

reposition itself within this sphere.

In 1988 in a review of public understanding of science research, the UK’s Coalition
Jor the Public Understanding of Science (COPUS) stated that “the basic rules for
communicating about scientific subjects are really the same as those for
communicating in general (COPUS, i993, p. 10). Today however there is
widespread recognition that {raining scientists to be civic scientists requires more
than the provision of a toolkit of scientist-to-scientist commun{cation skills or a set
of generic communication skills. The Royal Society (2005, p. 16) states “there are
issues that are not resolved simply by skills training”. As the aim of public
engagement is not only to communicate clearly, but to improve the public
understanding, public awareness, and scientific literacy of the community, scientists
require an understanding and appreciation of civic science and its aims, an awareness
of the repertoire of means available to achieve these aims, an appreciation of the
distinction between civic science and scientist-to-scientist communication. An
understanding of the legitimacy of the public voice in dialogue about science is also
paramount, What one science communication lecturer describes as “*nuts and bolts”
training, will not provide students with this understanding. Clearly, in addition to
strengthening the generic ski]is training and scientist-to-scientist training the students

receive, these students will also require specialised civic science training,
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As studies have shown that scientists who participate in civic science activities are
more positively disposed to public engagement, a practical component may also be
beneficial. In the present study, civic science experience did appeér tohavea
positive influence on both the provision of science commuﬁication training;
participation in science communication activities and recognition of the value of
science communication. The lecturers who indicated they had experience in
communicating with non-scientists were more likely to provide science
communication training of this nature to their students, albeit informally. The early-
career biotechnologists provided with some form of science communication training
were more likely to engage in science communication activities with the public and
report feeling better equipped to communicate the technical, and also the social and

ethical implications of their research,

Only two of the doctoral students interviewed reported participating in activities
involving communication with non-scientists. Both of these students, however,
indicated an appreciation of the importance of civic science. It is difficult to
determine from these results whether these students’ experience with public
engagement positively influenced their views of public engagement, or if the
students were positively predisposed to engagement prior.to participation. However a
strong positive correlation has been observed between the number of science
communication activities undertaken by scientists and their perception of the
importance of public engagement (Royal Society, 2006b). If experience is shown to
positively influence views towards public engagement, this suggests the science
communication training at the postgraduate level may benefit greatly by the
inclusion of a practical component, whereby students arel given the opportunity to
apply their communication knowledge and skills and parlicipﬁte in an activity

involvi'ng public engagement,

Many of the participants in the case study spoke of the need 1o effect a grass roots
change in thinking about science communication and civic science before this area
can be introduced into the science curriculum, While the Royal Society suggests that

the recent increased participation in science communication by scientists is indicative
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ofa culﬁural change towards greater acceptance of a civic science responsibility

- (Royal _Sdciety, 2005) others suggest scientists have yet to embrace scie.nce
communication “in any systematic way” (Greco, 2006). Undoubtedly, as
ackﬁowledgéd by one of the science communication lecturers in the present study,

~ there is likely tobea lag between science communication research and the cultural
shift in Scieﬁtists’ thinking aboixt science communication that researchers and policy
makers now suggest is required. The.science commﬁnication profession is in its
ih.fancy and there has been little research directed towards scientists’ views of public
engagément,- and even less research directed towards science communication
training. The Rbyal Society (Royal Society, 2006b) has recently recommended a
review of public engagement training at the tertiary level and the expansion of

training courses to include the skills required for public engagement.

While the calls for dialogue between scientists and the public are widespread,
research and policy relating to public engagement is still beihg developed. Asa
consequénce, dissemination of best practice for the delivery of the required
knowledge and skills required for public engagement for undergraduate and
postgraduate students has yet tb occur. In the preseht study, the students’ and
lecturers’ lack of understanding of science c'ommunicatibn may reflect the fact that
there has yet to be a cultural shift towards suﬁport for increased dialogue between
scientists and the public. In thé present case study., recent calls for greater _
involvement of scientists in public dialdgue, graduates who are better trained in
communication, and reviews of pub_lic_engaggment iraining at the undei‘graduate and
postgraduate level, have not have translated yet into the generation of biotechnolo gy
students who support public engagement or biotechnology lecturers with a good

understanding of science communication training.

Further research is clearl y requi.red to determine how barriers to science
-communication can be overcome, particularly, how biotechnology lecturers can be
assisted in developing their understanding of this area and what is required to support
_ fhem in the delivery of material that will foster public engagement in their area of

science. Future research will need to consider how undergraduate students’ and
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'I_ectufers’ views will impact on the choice of teaching material and its delivery, and
- hpw Supervisors can Be supported in their rhcntoring of postgraduate research
students with respect to public engagement, and evaluation of science
communication teaching resources. In particular, research will need to address the
-undergraduates and postgraduate students’ perception of the value of communicating
with fion-scientists and how receptive these students’ will be to leaming these skills.
‘Given the results of the present study also suggest that science communication
training will need to encompass both the skills fequired for scientist-to—sciehtist |
communication and public engagement, how these two distinct forms of

communication training are linked together may also need to be considered.

Once innovative professional development approaches and teaching practices in this
area are developed, effective means of disseminating this information will need to be
determined and pronnoted. If the outcomes of further research in this area are made
accessible to these stakeholder groups, it may only be a “matter of time” (as
indicated by some in the case study) before best practice in science communication,
and civic science in particular, becomes an integral component of tertiary

biotechnology training. |

8.3 Best Practice Recommendations

According to Keeves “the ultimate purpose of any kind of knowledge arrived at in
educational research is to provide a basis for action, be it policy, action, or methods
of teacﬁing in thé classroom” (Keeves, 1997), The following recommendations
represent the key purpose of the present case study — a basis for facilitating the
inclusion of civic science training within the biotechnology_program. It is hoped that
these recommendations in conjunction with ongoing research in this area will
usefully inform those involved in the development of science communication
training for tertiary biotechndlogy students, Ultimately this may lead to a new
generation of biotechnology graduates ablf_: to constructively engage the public in

discussion about their science. It is also hoped the results of this study will be
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transferable to those involved in the development of science communication training
in other areas of science as they develop new and pote_ntially contentious

technologies.

Recommendation 1. Ex1stmg science communication training for blotechnology

students should be slrengthened

Science communication training in this case currently centres on report wri't_ing and
generic communication skills training. Reform in this area should aim to strengthen
these forms of communication training to meet employers’ and the biotechnology
professions expectations of the communication skills required of a biotechnology

graduate,

Recommendation 2: Civic science training should be included as a component of

science communication training.

In addition to strengthening biotechnology students scientist-to-scientist training and
generio skills training, the students’ awareness and understanding of civic science
should also be developed. This civic science training will need to correct the | |
perception that science ‘communication fills a def' cit in the public understanding of
science. Students w111 need to apprec1ate that science communication involves
dialogue positioned in the wider social context in which other forms of expertise may
be legitiinate. While. an appreciation of the irﬁportance of civic science is the primary
purpose of this training, civic science skills training will also be required that enables
all biotechnology gra'duates to actively engage the public ih dialogue about their.

research,

Recommendation 3: Science communication training should be compulsory.
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The views of students and lecturers towards science communication training suggests
the students do not value this form of training and the mclusmn of non-compulsory
courses in science commumcatlon may not reach students who enter mainstream
research areas. Until there is a cultural shift in science towards strong support for
civic science that is translated 1o a shift in students’ appreciation of the value of
science communication training, science communication may need to be mandated

through the inclusion of compulsory, assessed material in this area,

Recommendation 4. Practical support for the delivery of science communication

training is required.

While there is strong support for the delivery of science communication training in
context in existing blotechnOIOgy units, lecturers will need to be provided with
practical supports such as teaching materials and professwnal development to enable
| them to feel sufficiently comfortable with this area to incorporate it into their
teaching practice. Teaching materials, in particular, will need to be made accessible
to biotechnology lecturers. As research-based evidence for best-practice in science
communication is generated this will also need to be promoted to the lecturers and

research superwsors who will deliver this training.

Recommendation 5: Inclusion of new science communication material into the

* biotechnology curriculum will likely require some existing material to be removed.

The perception that the biotechnology 'curriculum is overcrowded is a constraining
factor will need to be overcome if new material is to be introduced in to the
 biotechnology program, Space will need to be made in the biotechnology curriculum
 for the inclusion of science communication training, most probably through the
replacetnent of existing content. Individual lecturers who express an interest in

science communication and are motivated to deliver science communication training
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within their units will need to be cultivated to provide a ground swell of support for

this reform of the program.

Recommendativn 6. Negative perceptions of science communication and science

communication training will need to be addressed.

There is evidence that science communication is not seen as a valued activity by the
undergraduate biotechnology lecturers and research student supervisors.
Biotechnology lecturers will need to impress upon the undergraduate students the
value of science communication and provide greater recognition of where and when
these skills are taught 1o enable the students to appreciate how their degree program
values and provides them with these skills. Supervisors of postgraduate
biotechnology students will need to encourage and support the civic science
activities of their research students and provide sufficient guidance and feedback to
enable the students to learn from their experiences, This is likely to require increased
understanding and appreciation of the value of public engagement by the lecturers
and supervisors. Science communication will need to be seen as an integral part of
scientific practice and not as an optional extra or soft science, resulting in the
inclusion of assessable science communication material in undergraduate units and
improved mentoring in science communication by research supervisors. Public |
engagement about the social and ethical implications of research will need to be |

given as much legitimacy as the communication of the technical details of research.

Recommendation 7. Science communication will need to adapt to the changing

nature of science.

As scientific research becomes increasingly influenced by commercial interests,
science communication training will need to adapt accordingly. Considerations of
intellectual property rights, commercial confidentiality and security will need to be

balanced with public interest in research. In the future, science communication
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training will need to adapt to other factors constraining public engagement as they

emerge.

8.4 Conclusion

As the world economies continue to .advance and transform into knowledge-based |
economies, the management of the relationship between society and emerging
technologies such as biotechnology and the converging technologies of the future,
will become increasingly imporlant. Biotechnology programs will need to take into
account possible convergence with other technologies, the changing nature of
science, the changing nature of work, and the changing nature of public invoivement

in science.

It is hoped the results of the present case study may contribute to more effective
management of the relationship between society, biotechnology, and ultimately other
emerging technologies, by promoting' the civic science capacity of biotechnologists,
By highlighting the need for compulsory science communication training for |
biotechnoldgy students, it is hoped that these recommendations will be incorporated
into .scie.nce curricula, and future generations of students will enter the industry as
able communicators that are appreciative and receptive to the role the publi.c

increasingly plays in shaping emerging tec_:hnologies.
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APPENDICES

Appendix 1.1 Interview Information Letter

Dear xxxx

1 am a PhD student in Science Education in the School of Education at Edith Cowan University. |
would like fo invite you to be involved in a research study examinin;, the role of science
commugication within tertiary biotechnology education. Spec:f"cal[y the aims ef the study are to
determine;
»  What the *actual’ picture of science communication training for early-carcer biotechnologists is.
*  What the ‘ideal’ picture of science communication training for early-career biotechnologists is.
s How the gap between the ‘actual’ and ‘ideal’ picture of science communication training for
early-career biotechnologists can be reduced (in order to promote their development into civic
scientists). .

It is anticipated that the results of this study will inform current science education and lead the way to
develepment of a modei of best practice for science communication training of early-career
biotechmologists. This research project has been approved by the ECU Human Research Ethics
Committee.

As a postgraduate biotechnology student / biotechnology lecturer / supervisor of postgraduate
biotechnology students / science communicator / science communication fecturer you are invited to
participate in an audiotaped face-10-face interview of approximately 30 minutes duration,

. All information provided will be confidential and no individuals will be identified. The audiotapes
will be transcribed and any identifying information from interview transcripts will be removed and
pseudonyms will be used in the analysis and dissemination of findings from the research. Audiotapes,
paper transcripts and electronic files will be stored securely and desiroyed five years afler the
completion of the study,

Any questiens concerning the research study entitled Cultivating the Civie Scientisi: Science
- Communication & Tertiury Biotechnology Education can be directed to Jo Edimondston on 0407 198

316 or her PhD superviser Dr Vaille Dawson of the School of Education on 63045702, We are happy
to discuss any questions you may have about the questionnaire or interview, If you have any concerns
or complaints about the study or would like o talk to an independent person, you may contact the
Research Ethics Officer, Kim Gifkins, at:

Human Research Ethics Office

Edith Cowan University

Joondalup WA 6027

Phone:(08) 6304 2170, Email:research.ethics@ecu.edu.au
Thank you very much for reading this inlormation, If you agree to participate in this research study
could you please sign the cansent form supplied.

Repards

Jo Edimondston
PhD student in Science Education
Edith Cowan University
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Appendix 2.1 Combined Consent Form and Information Letter for

Undergraduate Biotechnology Students

EDITH COWAN
Dear Student,

I'am a PhD student in Science Education in the School of Educalion at Edith Cowan University. | would
like tc invite you to be involved in a research study examining the role of science communication within
tertiary biotechnology education. Specifically the aims of the study are to determine:
¢«  What the 'actual’ picture of science communication Yraining for early-career biotechnologists
18. '
What the ‘ideal’ picture of science communication training for early-career biotechnologists is.
-How the gap between the ‘actual' and 'ideal’ picture of science communicalion training for
early-career bistechnologists can be reduced.

it is anficipated that the results of this study will inform current science educatien and lead the way o
development of a model of best practice for science communicalion training of early-career
biotechnologists. This research project has been approved by the ECU Human Research Ethics
Committee. :

As a biotechnology student you are invited to complete the enclosed questionnaire which will take
approximately five minutes to complete. If you agree to be contacted at a later date by providing your
contact details on ihe relevint section on the last page of the survey, you may be contacted for a
follow-up audiotaped telephone mterview of approximately 5-10 minutes duration.

Al information provided will be confidential and no individuals will be identified. The audiotapes will be
transcribed and any identifying information from interview transcripts will be removed and pseudonyms
will be used in the analysis and dissemination of findings from the research. Questionnaire, audiotapes,
paper transcripts and electronic files will be stored securely and destroyed five years afier the
completion of the study.

Any questions conceming  the research study entitled Cutivaling the Civic Scientist: Science
Communication & Terliary Biofechnology Educalion can be directed to Jo Edmondston on 0407 198
316 or her PhD supervisor Dr Vaille Dawson of the School of Education on 6304 5702, We are happy
to discuss any questions you may have about the guestionnaire or interview. If you have any concerns
or complaints about the study or would like to talk to an independent person, you may confact the
Research Ethics Officer, Kim Gifkins, at:

Human Research Ethics Office

Edith Cowan University

Joondalup WA 6027

Phone:(08) 6304 2170, Emailresearch.ethics@ecu.edu.au

Thank you very much for reading this information.

If you agree to participale in this research study could you please complete the questionnaire provided.
Regards '

Jo Edmondston

PhD student in Science Education
Edith Cowan University
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Appendix 2.2 Interview Consent Form

—
-
-
L
[- =4

.
o=
. =
=

CONSENT FORM

Study Title:
Cultivating the Civic Scientist: Science Communication & Tertiary Biotechnology
Education

[ have read and understood the information letter above that explains the research
study. | have been given the opportunity to ask questions and have had any questions
answered to my satisfaction. I understand that if I have any additional questions I can
contact the research team whose contact details are included below. I understand that
the information provided will be kept confidential, and that the identity of
participants will not be disclosed without consent. [ understand that the information
provided will only be used for the purposes of this research project, and I understand
how the information is 1o be used. | understand that | am free to withdraw from '
further participation in this study at any time, without explanation or penalty. [ freely
agree to participate in the project.

I agree to participate in a face-to-face interview that will take approximately 30
minutes to complete. The interview will be audio-taped and five years after the
completion of the project the audiotape will be destroyed.,

Participant Name:

Date:

Participant Signature:

Jo Edmondston

PhD student

School of Education

Faculty of Community Services, Education and Social Sciences
Edith Cowan University

Phene: 0407 198 316
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Appendix 3.1 Interview Schedule Provided to Early-career Biot.echnologists
The following questions have been provided to indicate the structure of the interview
and the type of quesrions that may be asked. The format of the questions may vary in

the interview and additional questions may be asked as the interview proceeds.

How successfully do you feel biotechnology is currently communicated to non-

scientists?

What role do you feel biotechnologists should play in communicating biotechnology

research and its social and ethical implications to the non-scientists?

Do you feel biotechnologists need to change their current approach to

communicating their research and its social and ethical implications?
How equipped do you feel to communicate your research to the non-scientists
Have you been involved in any science communication activities or programs?

Do you feel the training and skills required for communicating research to non-

scientists differ from those required for communicating with fellow scientists?

Do you think science communication training should be a component of tertiary

education for biotechnology students?
Have you had any science communication training since graduating?
Where would you seek science communication training?

Have you discussed communicating your research and its social and ethical

implications to the public, with your employer or any of your fetlow researchers?
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Appendix 3.2 Interview Schedule Provided to Lecturers

- The following questions have been provided to indicate the structure of the interview
and the type of questions that may be asked. The format of the questions may vary in

the interview and additional questions may be asked as the interview proceeds.

How successfully do you feel biotechnology is currently communicated to non-

scientists?

Do you provide any science communication training to undergraduate or

postgraduate biotechnology students?

Are you aware of any units (or components of unijts) offered to undergraduate or

postgraduate biotechnology students in science communication?

Do you feel science communication training should be a component of the

undergraduate and/or postgraduate education of biotechnology students?
Do you think the generic communication skills training provided for postgraduate
biotechnology students is sufficient to enable these graduates to perform a civic

science role when they enter the biotechnology workforce?

Do you think science communication education is different from educating students

to communicate with other scientists?

Are you aware of any organisational supports provided for the provision of science

communication education at the undergraduate or postgraduate level?

Can you idemify any organisational barriers to the provision of science

communication education at the undergraduate or postgraduate level?
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Are you aware of any supporting material for science communication education of
undergraduate or postgraduate biotechnology students? (eg texts, websites, models of

best practice teaching?)

“ Would it be feasible to introduce additional science communication educalional

components into the current biotechnology curriculum?
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Appendix 3.3 Interview Schedules Provided to Science Communicators and
Science Communication Lecturers

The following questions have been provided to indicate the structure of the interview

and the type of questions that may be asked. The format of the questions may vary in
the interview and additional questions may be asked as the interview proceeds.

How successfully do you feel biotechnology is currently communicated to non-

scientists?

What role do you feel biotechnologists should play in communicating biotechnology

research and its social and ethical implications to the non-scientists?

Do you feel biolechnologists need to change their cutrent approach to

communicating their research and its social and ethical implications?

Do you feel biotechnologists are sufficiently aware of the approaches they can or

should take to science communication programs or activities?
Do you feel biotechnologists are sufficiently aware of where they can seek help for
science communication when they undertake science communication programs or

activities?

Do you feel the skills required for science communication with the non-scientists

differ from those required for communicating with fellow sctentists?

How important do you think science communication training is for early-career

biotechnologists?

Should science communication education be a component of tertiary training for

biotechnology students?

Have you had any experience in teaching science communication to scientists?
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Do you have any views on the science communication education that

biotechnologists currbntly receive as part of their tertiary training?

Are you aware of any material that can be used to support the provision of science
communication education at the tertiary level? (eg texts, websites, models of best

practice teaching?)

What do you think would be the outcome of improving the science communication

training of early-career biotechnologists?

226



Appendix 4 Questionnaire

EDITH COWAN
Science Education — Jo Edmondston
QUESTIONNAIRE

This is an anonymous questionnaire. Please ensure that you do not write your name,
or any other comments that will make you identifiable on the questionnaire. The
attached Information Letter carefully as it explains fully the intention of the research
project.

Please tick the correct box:

. Areyou I:’ Male D Female

What program are you enrolled in? D Biotechnology

|:| Other. Please state............

Have you completed the unit E398 Science Communication?

I:I Yes
L

Do you plan to enrol in the unit E398 Science Communication?

D Yes
[ No
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What does the term ‘science communication’ mean to you?

How important do you think it is that the non-scientists understand ......
Indicate your answer by marking a cross on the line.
Place u cross in the box next to the question if you don’t know the answer.

...the technical aspects of biotechnology research?

Unitnportant Very important  Don't know

& . 4 |:|

... the social and ethical implications of biotechnology research?

Unimportant . Very important  Don't know

® 9 D ’
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How responsible should the following groups be for communicating the
technical aspects of biotechnology research with non-scientists?

Indicate your answer by marking a cross on the line, or place a cross in the box.

Government
Not responsible
L

Very responsible

Journalists
Not responsible

Very respansible

» *
Professional Science Communicators
Not respansible Very responsible
L 9
Campaigning Groups {e.g. Greenpeace)
Not responsible Very responsible
& 8

Biotechnologists
Not responsible
®

Very respohsib!e

Don't know

o]
=
D= D
o
=
=

Don't know

]

Don't know

L]

Don't know

How responsible should the following groups be for communicating the social

and ethical implications of biotechnology research with non-scientists?
Indicate your answer by marking u cross on the line, or place a cross in the box,

~ Government
Not responsible
[

Very responsible
L

Journalists
Not responsibie

Very responsible

@ 9
Professional Science Communicators

Nof responsible Very responsible

® L
Campaigning Groups {e.g. Greenpeace})

Not responsible Very responsible

L &
Biotechnologists

Not responsible Very responsible

*— L
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How strongly do you agree or disagree with the following statements?
Indicate your answer by marking a cross on the line, or place a cross in the box.

Biotechnologists have a responsibility to communicate.....
...the technical aspects of their research with the non-scientists.

Strongly disagree Strongly agree  Don't know
» 9

...the ethical and social implicatidns of their research with non-scientists.

Strongly disagree Strongly agree  Don't know
» - —

...their research and its implications with non-scientists, but only after peer review.

Strongly disugree Sirongly agree  Don't know
L —

Science communication activitics may impact on non-scientists in a number of
ways. Indicate how you would rate the success of a science communication
activity if it resulted in the following responses by non-scientists?

Indicate your answer by marking a cross on the line, or place a cross in the box.

Improved awareness of biotechnological products and processes.

Failure Success  Don't know
| 2 9

Improved understanding of biotechnological products and processes,

Failure _ Succesy  Don't know
» —_

Greater debate about biotechnological products and processes.

Failure . Success  Don't know
& —8

Greater acceptance of biotechnological products and processes.

Failure Success  Don't knew

3 : » D
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How would you rate the importance of communicating the technical aspects of
biotechnology research with the following groups?
Indicate your answer by marking a cross on the line, or place & cross in the box.

Biotechnologists
Unimportant Very tmportant  Don't know
— L
Scientists other than biotechnologists _
Unimportant Very important Don't know
>~ =~ [
Non-specialist public
Unimportant Very importamt Don't know
— —e l:l
Managers of biotechnology industrics
Unimportant Very Important  Don't know
- +
Journalists |
Unimportant Very Impartant  Don't know
- - - 0
Government :
Unimportant Veryr tmportant — Don't know

— . Ij

How would you rate the importance of communicating the social and ethical
implications of biotechnology research with the following groups?
Indicate your answer by marking a cross on the line, or place a cross i the box.

Biotechnolopists
Unimsportant Verv tmportant Don’t know

- ' « 1
Scientists other than bistechnologists '

Unimportan Very tmpartant  Don’t know
" . L ]

[]

Non-specialist public

Unimportani Very tmportant  Don't know

* - U
Managers of biotechnology industries

Unimportant Very lmportant  Don't know

- -
Journalists

Unimportant Very fmportant Don't know

. | * LI
Government T

Unimportant Very Important  Don't know

~— —9

]
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How important do you think it is that the following items are included in the

undergraduate biotechnology curriculum?

Indicate your answer by marking a cross on the line, or place a cross in the box.

A broad knowledge of general scientific facts and theories
- Unimportant
L

Very Impartant
_'

Skills in communicating research with other scientists
Unimportant

Very {mporiant

Business and marketing skills
Unimporiant

Very Important

Technical skills (eg. Yab werk)

Unimportant Very Imporiant
. ©

Data analysis skills (g, statistical analysis)

Unimportant Very important

L @
An understanding of inteliectual property and patenting issues

Unimpartant Very Important

[ &
An understanding of animal ethics regulations and related issues

Unimportani Very Important

L -4
Skills in communicating research with non-scientists

Unimportant Very Important

L 4
An understanding of human ethics regulations and related issues

Unimportant Very Important

L —&

An appreciation of what constitutes smemlhc misconduct
Unimpuortant

Very Imporiant.
—e

I(nowledge of the specific facts and theones related to biotechnology

Unimportart

Very Important

*

Don't know

[

Don't know

[]

Don't know

[]

Don't know
Don't know

L]

Don't know

Don't know

[

Don't know

[

Don't know

L]

Don't know

L]

Don't know

[]

An awareness of the public's perception of the risks associated with research and research outcomes

Unimportant

Very Imporiant
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Have you have received any training in how to communicate the technical
aspects of biotechnology research with the non-scientists, at any stage of your
degree program? '

[

|:| Yes. Please indicate:

(i) which units this training was provided in, and

(ii) the type of training provided,

Have you have received any training in how to communicate the social and
ethical implications of biotechnology research with the non-scientists, at any

stage of your degree program?

|:|No

D Yes. Please indicéte:

(i) which units this training was provided in, and

ey

(ii) the type of training provided.

Thankyecu for completing this questionnaire
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Appendix 5 Shortencd Questionnaire

Science Education — Jo Edmondston
QUESTIONNAIRE

This is an anonymous questionnaire. Please ensure that you do not write your name,
or any other comments that will make you identifiable on the questionnaire. The
attached Information Letter carefully as it explains fully the intention of the research
project.

Please tick the correct box:

Are you D Male D Female

What program are you enrolled in? D Biotechnology

|:| Gther. Please state............

Have you completed the unit E398 Science Communication?

D Yes
D No

LR B S

Do you plan to enrol in the unit E398 Science Communication?

D Yes
D No
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How important do you think it is that the following items are included in the

undergraduate biotechnology curriculum?

Indicate your answer by marking a cross on the line, or place a cross in the box.

A broad knewledge of general scientific facts and theories

Unimportant Very Important

.- —e
Skills in communicating research with other scientists

Unimportant Very Important

L 9
Business and marketing skills

Unimportant Very Importunt

*— L
Technical skills (eg, lab work)

Unimpaortant Very Important

[ )
Data analysis skills (eg. statistical analysis)

Unimportant Very Imporiant

L —
An understanding of intellectual property and pasenting issues

Unimportant Very Impuortant

- —e
An understanding of animal ethics regutations and related issues

Unimpaortant Very Important

.- —e
Skills in communicating research with non-scientists

Unimportant Very Important

*- —8

An understanding of human ethics regulations and related issues

Don't know
L
Don't know
Dan't know
[

Don't know

[}

Don't know

L]

Don't know

L]

Don't know

[]

Don’t know

[]

Don't know

[]

Don’'t know

]

Don't know

[]

Don’t know

Unitportant Very Imporiant

- —
An appreciation of what constitutes scientific misconduct

Unimportant Very Important

> —
Knowledge of the specific facts and theories related to biotechnology

Unimportant Very Important

- &
An awareness of the public'y perception of the risks associated with research and research outcomes

Unimportant Very Important

* .

Thankyou for completing this questionnaire

[]
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Appendix 6 Interview Schedule for Pilot of Questionnaire

Date: Wednesday Sept 21
Note time taken to complete questionnaire.

Format of the questlonnaire
Did you find the questionnaire format easy to follow?
Did you understand the instructions for how to respond to the questions?

Understanding of the question content

Do you understand the questions?

Did you feel there were any ambiguous questions?
Did you feel there were any leading questions?

Were there any questions you felt unwilling to answer?
Were you able to answer the questions?

Were any of the questions repetitive?

Specific Questions

What do understand the term 'non-specialist public’ to mean?
What do understand the term 'technical aspects’ o mean?

What do understand the term 'social and ethical implications’ to mean?
Can you give an example for each one of the groups listed?
What do understand the term 'peer review' to mean?

What do understand the term 'improved understanding’ to mean?
Whai do understand the term 'improved awareness’ to mean?
What do understand the term 'greater debate' to mean?

What do understand the term 'greater acceptance’ to mean?

Can you give an example for each one of the groups listed?
What do you understand 'training’ to comprise in this question?
Is the first question difficult to answer?
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Appendix 7.1 Undergraduate Interview Schedule

Number interviewed in group:
Name(s):

Date:

Location:

Interview Start:

Interview Finish:

What does the term 'science communication” mean to you?
How important do you think it is that non-scientists understand biotechnology?

How responsible should bictechnologists be for communicating biotechnology with non-
scientists?

Science communication activities may impact on non-scientists in a number of ways. How
you would rate the success of a science communication activity? '

How would you rate the importance of communicating biotechnology research to non-
scientists? '

How impontant de you think it is that 'skills in communicating research with other scientists' is
included in the undergraduate biotechnalogy curriculum? '

How important do you think it is that 'skills in communicating research with non-scientists?' is
included in the undergraduate biotechnology curriculum?

Have you have received any training in how to communicate biotechnology to the non-
scientists, at any stage of your degree program?

Are you aware of the elective science communication unit? -

Do you plan to enrol in the science communication unit?

Post Interview Comments:
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Appendix 7.2 Doctoral Students’ Interview Schedule

Name:

Date;

Location:
Interview Start:
Interview Finigh:

Read the definition of science communication provided. s this what science communication
means to you?

Read the definition of civic science provided. is this what civic science means to you?

Discuss both terms and ensure shared understanding (especially the way in which these
terms are operationalised in this study) before proceeding further with interview.

Please describe your doctoral research project.
When do you anticipate you will submit your thesis for examination?
Have you been involved in any science communication activities?
If yes - Please describe these activities.
Did you seek any help for these activities? If so, what help did you seek?
Have you discussed communicating your research with non-scientists with your supervisor?
Have you discussed communicating the social and ethical implications of your research with

non-scientists with your supervisor?

Flease comment on any science communication training you received during your
undergraduate training?

Describe any science communication training you have had as part of your postgraduate
training?

Do you feel this training prepared you for a science communication role?
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Have you completed the generic skills training course offered to all postgraduate students?
Students are shown the course flyer. '

If no — Do you plan to enrol in any of the modules of this course?

Do you plan to enrol in the communication skills course?

Has your supervisor encouraged you to enrol in this communication skills course?
Do you feel you have time to attend this generic communication skills training course?
How important a part of postgraduate training do you think the generic communication skills
training course is?
Do you think this course should be compulsory?

Post interview Comments:
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Appendix 7.3 Early-career Biotechnologist Interview Schedule

Name:

Date:

Location:
Interview Start:
Interview Finish:

Read the definition of science communication provided. 1s this what science communication
means {o you?

Read the definition of civic science provided. Is this what civic science means to you?

Discuss both terms and ensure shared understanding (especially the way in which these
terms are operationalised in this study) before proceeding further with interview. '

Please describe your current position of employment. .
How many years ago diﬁ yc;u .graduate from the biot¢=.'cr;inolog;|yr .p.rogram? ‘
Do you have any postgraduate qualifications?
Have you been invelved in any science communication activities?
If yes - Please describe these activities.

Did you seek any help for these activities? If yes, please describe,

Please describa any science communication training you received during your
undergraduate training?

Please describe any science communication training you received during your postgraduate
training?

Did you complete the generic skills training course offered to postgraduate students?
Students are shown the course flyer.

Have you had any science communication training since graduating?

If yes - please describe.
If no - Where would you seek science communication training?
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How equipped do you feel to communicate the technical details of your research to non-
scientists?

How equipped do you feel to communicate the ethical and social implications of your
research to non-scientists?

How successfully do you feel biotechnolegy is currently communicated to non-scientists?

What role do you feel biotechnologists should play in communicating the technical details of
biotechnology research 1o non-scientists?
If not, who should be respensible?

What role do you feel biotechnologists shouid play in communicating the social and ethical
implications of bietechnology research to non-scientists?
If not, who should be responsible?

Do you feel garly career biotechnologists should play a role in communicating the technical
details, and the social and ethical implications, of biotechnology research with non-
scientists? '

Do you feel biotechnologists need to change their current approach o communicating their
research and its social and ethical implications?

if yes ~ why?

What changes need to be made?

Should science communication education be a component of tertiary training for
biotechnology students? ' '
if yes, at what level do you think this training should be provided?
Undergraduate / Postgraduate/Both?

Do you think the science communication éapacity of biotechnologists can be improved by
science communication training? '

Have you discussed communicating the lechnical details of your research with nan-scientists
with your employer or fellow employees?

Have you discussed communicating the social and ethica) implications of your research with
non-scientists with your emgployer or fellow employees?
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Post Interview Comments:
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Appendix 7.4 Lecturer Interview Schedule

Name:

Date;

Location:

Interview Start:

interview Finish:

What is your current pasition within the university?

How many years have you been employed as a lecturer at this university?
How many years have you been an academic?

What was your background prier to this position?

Please describe any experience you have had in science communication.

Read the definition of science communication provided. Is this what science communication
means to you?

Read the definition of civic science provided. Is this what civic science means to you?

Discuss both terms and ensure shared understanding {especially the way in which these
terms are operationalised in this study) before proceeding further with interview.

Do you provide any science communication training to undergraduate or postgraduate
biotechnelogy students?

Are you aware of any units {or components of units) offered to undergraduate or
postgraduate biotechnology students in science communication?

How successfully do you feel bictechnology is gurrently communicated to non-scientists?
What role do you fee! biotechnologists should play in communicating the technical details of

biotechnology research to non-scientists?
If not, who should be responsible?
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What role do you feel biotechnatogists should play in communicating the social and ethical
implications of biotechnology research to non-scientists?
If not, who should be responsible?

Do you feel early career biotechnologists should play a role in communicating the technical
details, and the social and ethical implications, of bictechnology research with non-
scientists?

Do you feel biotechnolegists need to change their current approach te commiunicating their
research and its social and ethical implications?

If yes — why?

What changes need to be made?

Do you feel science communication training should be a compenent of the undergraduate
and/or postgraduate education of biptechnology students?
If yes — compulsory or elective? stand alone unit or embedded?
How would you rate your ability to teach science communication?
Do you feel early career biotechnelogists require science communication training?
If yes — who should provide this traini'ng?

Do you feel the skills required for communicating research to non-scientists differ from those
required for communicating with fellow scientists?

Are you aware of any supports provided for the provision of science communication -
education at the undergraduate or postgraduate level?
If no — Are you aware of any material supports for the provisien of science
communication education at the undergraduate or postgraduate level?
Such as texts, websites, models of best practice teaching?
If yes, for texts — Mow appropriate are these for teaching Ibiotechnclogy students?

Can you identify any barriers to the provision of science communication education at the
undergraduate or postgraduate level?

If yes - How do you think these barriers could be overcome?

Woeuld it be feasible to introduce science communication training inte the current
hiotechnology curriculum?
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What do you think would be the outcome of improving the science communication training of
_early-career biotechnologists? '

Post Interview Comments;
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Appendix 7.5 Science Communicator & Science Communication Lecturer

Interview Schedule

Name;

_ Date:

Location:
Interview Start:
Interview Finish:

Please describe your current position of employment.
Please describe your background.

Read the definition of science communication provided. is this what science communication

means to you?

Read the definition of civic science provided. |s this what civic science means to you?

Discuss both terms and ensure shared understanding (especially the way in which these
_terms are operationalised in this study) before proceeding further with interview.

How would describe the science communication education that biotechnelogists currently
receive as part of their tertiary training?

Science communicators ; Do you havé any experience in teaching science communication to
scientists? ' _ '
Science communication lecturers: Please describe your science communication lecturing
experience. '

How successfully do you feel biotechnology is currently communicated to non-scientists?

What role do you feel biotechnologists should play in communlcatmg the technical details of
biotechnology research to non-scientists?

If not, who should be responsible?
What role do you feel biotechnologists should play in communicating the social and ethical
implications of biotechnoplogy research to hon-scientisté’?

If not, who should be responsible?
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Do you feel early career biotechnologists should play a role in communicating the technical
details, and the social and ethical implications, of biotechnology research with non-
scientists? _ '

If yes - How important do you think science communication skills are for early-caréer
biotechnologists?.

Do you feel biotechnologists need to change their current approach to communicating their
research and its social and ethical implications?

If yes — why?

What changes need to be made?

How equipped do you feel early career biotechnologists are to communicate the technical
details of their research to non-scientists? _

How equipped do you feel career biotechnologists are to communicate the ethical and social
implications of their research to non-scientists?

Do you feel biotechnologists are sufficiently aware of the aoproaches they can or should
take to science communication programs or activities?

Do you feel early carser biotechnologists are suffictently aware of the approaches they can
or should take to science communication programs or activities?

Do you feel bictechnologists are sufficiently aware of where they can seek help for science
communication when they undertake science communication programs or activities?

Do you feel early career biotechnologists are sufficiently aware of where they can seek help
for science commupication when they undertake science communication programs or
activities?

Do you feel science communication training should be a component of the undergraduate
and/or postgraduate education of biotechnology students?

f yes - cof'npulsoryr or elective? stand alone unit or embedded?

If no - Do you feel early career biotechnofogists require science communication
training? If yes —~ who should provide this training?

Are you aware of any supports provided for the provision of science communication
education at the undergraduate or postgraduate level?
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It no — Are you aware of any material supports for the provision of science
communication education at the undergraduate or postgraduate level?

Such as texts, websites, models of best practice teaching?

If yes, for texts — How appropriate are these for teaching biotechnology students?

Can you identify any barriers to the provision of science communication education at the-
undergraduate or postgraduate level?

If yes - How do you think these barriers could be avercome?

What do you think would be the outcome of improving the science communication training of
early-career biotechnelogists?

Would it be feasible to introduce science communication training into the current
biotechnology curriculum?

Do you think the science communication capacity of biotechnolagists can be improved by
-science communication training?

Do vou feel the skills required for biotechnologists to communicate their research with non-
scientists differ from those required for communicating with fellow scientists?

Is generic communication skills training sufficient for training a biotechnologist to be a
science communicator? '

Post Interview Comments:

- b *
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Appendix 8 Background Information

EDITH COWAN

Background Information

Study Title: Cultivating the Civic Scientist: Science Communication & Tertiary

Biotechnology Education

Rescarcher: Joanne Edmondston

The terms ‘science communication’ and “civic scientists’ will be used throughout the
interview you have agreed o participate in. There are a range of understandings of
these terms in the literature. For the purposes of this interview, these terms are

defined as indicated below;

Science communication may be defined as the processes by which scientific

culture and knowledge become incorporated into the common culture.

A civic scientist is a scientist who communicates with a range of
audiences and brings knowledge and expertise about science into

the public arena,



Appendix 9 NVivo Assisted Coding of Open Question in Questionnaire and

Interview Transcripts

Have you been involved in any science communication activities or programs?
No

Yes - Activity description

Yes — communication with fellow scientists

Public not interested

Communication-ready research

Please comment on any science communication training you received during your
undergraduate training?

None

Report writing

Oral presentation

Other

Describe any science communication training you have had as part of your
postgraduate training?

None

Report writing
Oral presentation
Other

Have you completed the generic skills training course offered to all postgraduate
students? :

Yes
No

Have you had any science communication training since graduating?
No _
Yes — activity description

Where would you seek science communication training?
Don’t know

Supervisor

University

Other - description

How equipped do you feel to communicate your research?
Equipped
Not equipped
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Equipped to communicate technical only

Have you discussed communicating your research and its social and ethical
implications to the public, with your supervisor

Yes
No

Have you discussed communicating your research and its social and ethical
implications to the public, with your employer or any of your fellow researchers,

Yes
No

Do you provide any science communication training to undergraduate or
postgraduate biotechnology students?

No

Report writing

Oral presentation

Too much emphasis in curriculum on report writing
Other - description

Are you aware of any units (or components of units) offered to undergraduate or
postgraduate biotechnology students in science communication?

Yes ' '

No

Aware of Science communication unit
Reservations about science communication unit

How would describe the science communication education that biotechnologists
currently receive as part of their tertiary training?

Insufficient

Sufficient

Spin

Oral presentation is sufficient

How equipped do you feel early career biotechnologists are to communicate the
technical details of their research to non-scientists?

Equipped
Ill-equipped . S
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Do you feel blotechnologlsts are sufﬁcnently aware of the approaches they can or
should take to science communication programs or activities?

Aware of approach

Unaware of approach

Deficit approach

The disconnected scientist

Soft science

Peer disdain

Real science

Do you feel biotechnologists are sufficiently aware of where they can seek help for
science communication when they undertake science communication programs or
activities?

Aware of sources of help

Unaware of sources of help

How successfully do you feel biotechnology is currently communicated to non-
scientists?

Successful

Unsuccessful

Difficulty in defining biotechnology

Legends, myths, miscommunication, misunderstandings

Unbalanced coverage of biotechnology

Biotechnology should learn from prior mistakes made in science
Biotechnology is a special case

What role do you feel biotechnologists (and early career biotechnologists) should
play in communicating biotechnology research and its social and ethical implications
to the non-scientists? '
Technical

Social and ethical

Early-career biotechnologists

Mandatory

Only the good communicators

Biotechnologists should use science communicators are intermediaries
Biotechnologists should self reflect on their practice

Science communication requires truth and honesty

Rogue traders who engage the public to the detriment of science

Science communication requires a human face

Biotechnology has made mistakes

Social and ethical implication is integral part of science

Contextualising science using social and ethical

Close to the community

Credibility of young researchers

Young researchers seen as partisan
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Do you feel biotechnologists need to change their current approach to
communicating their research and its social and ethical implications?
Technical aspects of research :

Social and ethical implications

Suggestions for improvements

Accountability and funding

For improved understanding by public

Do you think science communication training should be a component of education of
biotechnology students?

Yes

No

Elective

Compulsory

Stand-alone

Embedded

Science communication training for science communicators

Professional development in science communication

Advantages of multidisciplinarity in tertiary science education
Overcrowded biotechnology curriculum

Outcome of science communication training for tertiary science students?
Horses for courses — training only for scientists with an interest in science
communication

Generational change required

- Are you aware of any supports provided for the provision of science communication
education at the undergraduate or postgraduate level?

Yes

No

Website material if search for it
Paucity of teaching materials
Development of own course readers

Can you identify any barriers to the provision of science commumcatlon educatlon at
the undergraduate or postgraduate level?

Yes

No

Overcrowded curriculum

Low priority for inclusion
Teaching expertise required -
Students would not value training

Would it be feasible to introduce science communication training into the current
biotechnology curriculum?
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Yes

No

Time

Champion
Qrassroots support

What do you think would be the outcome of improving the science communication
training of early-carcer biotechnologists?

Improved communication skills of all scientists
Employment opportunities -

Funding

Improved understanding of public
Transformation of biotechnology

Do you think the science communication capacity of biotechnologists can be
improved by science communication training?

Yes

No

Do you feel the skills required for biotechnologists to communicate their rc'search
with non-scientists differ from those required for communicating with fellow
scientists?

Yes

No

Truth

Laymans terms

Is generic communication skills training sufficient for training a biotechnologist to
be a science communicator?

Yes
No
Relevance to science

Emergent themes across questions;

Spin and selling science

Soft science _

Redefining science as civic science :

Lessons to be learnt from introducing business skills into program

Ad hoc nature of current science communication training efforts

Science is nothing unless it is communicated '

Science communication training should focus on understanding not skills
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Science students don’t like science communication
Commercialismion barriers jo science communication
Preparing job ready graduates

Posigraduates should think and work independently
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Appendix 10,1 Member Checking Covering Letter

EDITH COWAN

Dear (insert name),

Thankyou for participating in an interview for my PhD project on (insert date}. | have
completed the initial analysis of the qualitative data | obtained from the transcript of our
interview, and have included in this email a summation of the points that | may use in my
thesis.

As the degree to which you agree with my summation of your interview comments is an
important measure for my qualitative research, | would appreciate your feedback on my
interpretation of your views on science communication and tertiary education.

I have also included in this email the direct quotes from your interview that | may reproduce
in my thesis. They have been transcribed verbatim but may be edited prior to inclusion in my
thesis to improve their clarity. | have included in italics above each quote the context in which
[ will use your quotes.

In addition to commenting on the interview summary | would also be grateful if you could
answer the following questions:
(insert questions)

Your comments can be emailed to me by replying to this email at jedmonst@student edu.au
or sent to:

Jo Edmondston

Faculty of Community Services, Education and Social Sciences

School of Education

Joondalup Campus

Edith Cowan University

100 Jocndalup Drive, Joondalup WA 6027

If you require a hard copy of this letter, the interview summation, quotes and questions, a
complete transcript of you interview, andfor a pre-paid envelope, please email me and | will
post these items to you.

If | do not hear from you before (insert date) [ will presume you are in agreement with my
summation of your interview comments.

Kind Regards,

. Jo Edmondston

PhD Candidate
Science Education
Edith Cowan University



Appendix 10.2 Example | of Member Checking Summary —~ Linda, Early-carcer

Biotechnologist

Summation of interview:

You feel biotechnology is a field that has significant relevance to the community.
You feel non-scientists can benelit {from the communication of biotechnology by
improving their understanding, and thereby being able to distinguish speculation and

CONroversy from the true nature.

You leel biotechnology has been generally well communicated with non-scientists but
biotechnology is a broad licld and some aspects have been communicated betler than
others, You [eel forensic science, in particular, has had a high level of coverage in the
media and in popular culiure, but the provision of this large amount of forensic
information has not translated into a better understanding of this area by non-

scientists.

You teet there is always the capacity to improve science communication, and as
biotechnology plays such an important role in society, and will play an increasingly
important role, the communication will need 1o keep pace with the need for non-

scientisis 10 know more,

You leel all biotechnologists need to be aware of how to communicate their research,
at the very least 1o be able to describe their research to a media representative, You
feel carly-career biotechnologists are the best resource for promoting the
communication of biolechnology, and communicating biotechnology itself, to other
carly-career biotechnologists as the information the present is likely to be seen as

relevant (o individuals at o similar stage in their career,

You fee! biotechnologists need to have a greater understanding of the media as a tool
for improving scientific literacy, and younger researchers are increasingly

recognising the importance of communicating with the media. You feel that



biotechnologists have a responsibility to communicate both the technical details of

their work and the social and cthical implications.

You feel well equipped to communicate with non-scientists about biotechnology
because you had had training and extensive experience and practice in science

communication.

You fecl the training and skills required for communicating research to the non-
scientists differ significantly from those required for communicating with fellow
scientists, particutarly the level of detail you incorporate. You feel some scientists
are so disconnected from non-scientists they may be unable to appreciate the level

that communication nceds 1o be pitched at for non-scientists.

You feel some scientists arc naturally better at science communication than others,
but every scientist can be trained to a minimum level in science communication
skitls. You feel that science communication training should be a compulsory
component of the tertiary training of biotechnologists and this training should aim to

give the students an appreciation of the importance of communication.

Al the undergraduate level you feel the only science communication training you
received was a requirement to give a number of oral presentations. You do not feel
these prcsenlalidns were a good training exercise as students could avoid
participating if they did not want to present, You fecl your employer is supporlive of
your communication activities, particularly as many ol these promote the profile of

your workplace,

fltustrative quoies: _

Unless people actually know a bit about it you can get this horrible speculation and
things can turn into something much bigger that it actually is or much worse than it
really is. So it can get out of control. So [ think people need to know enough about it
and abowt the true nature of it so that they can understand whal’s going on in the

world today.
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In my area [foren.sic science] definitely it’s communicated a lot but it’s not really the
kind of stuff that we actually do, So people know a lot about forensics but not
necessarily what forensic science is about, so that’s the other disadvantage if there’s
too much science communication. People think they know a lot about it but they
don’t really so, | guessl, I think it’s successful in getting it into the public psyche but,
yeah, science is definitely there and forensic science in particular is very, very
important and a 'very interesting area to work in so that’s an advantage. You know, it
gets people interested in it but then the actual understaﬁding has to come from more

than just the media and popular culture.

1t’s something that’s not going 1o go away. It’s a science that’s going to keep going
especially now and into the future from all kinds of applications for good and evil
probably, so I think people need to know more and more about it and particularly the

people who are communicating it need to know that.

We're the ones that can actually make that link with other new career scientists, |
think, a lot better than the older researchers and that’s what I’ ve found anyway, when
you're lecturing and stuff. 1 mean, they don’t - you can be an expert in your field but
trying to explain your field to someone who’s got no idea what level of research
you’ve been into, you know, sort of if we have the Nobel prize winner come and talk
to us about their field of study you're like oh, thai's really interesting but it’s not
relevant to me and so I think we’re probably the best résource for trying to get other

new career scientists aware of i,

Well, you can only piich at what level ydu’ve got experience to. | mean, if [ went in
to give a lecture, like | have, I'm oﬁly telling them what my experience in the field
was. 1'm not, you know, trying 1o tell them that I’ ve solved a thousand cases or
anything like that. 1'm just there to say well, you know, this is what I do every day
and this is what you will be.doing cvery day if you get oul of; if you get out soon.
I’'m not — I don’t think it's a valid criticism unless you are prelending to be

something you're not,
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I think they need to have a much deeper understanding of the tool of using the media
because research is great, research is fabulous. But it doesn’t mean anything unless .
you can actually make people understand what it’s about. And I think, [ think
nowadays a lot of researchers are getting that, getting a lot better at it. But I'm sure
there’s still a lot of old school reseérchers who just think no, I’m here to do the work
and write my results and things. And that’s great but it’s not going to make it valid to

the world at large.

You can’t just, you can’t have that view and be a proper scientist, [ think. You're

just a lab rat if that’s what you're doing.

] mean, you just have to be so conscious when you’re talking to a non scientist of
what they’re going to read into what you say and that’s, yeah, again something I
think - because I’m not necessarily a research scientist — I've probably pot a better
understanding of how normal people would read into‘lhings because I’m not a boffin

— lab rat,

[ think some people are predisposed to being good at it but I, you know, to a certain
level anyone can be trained in how 1o do it. It’s a, yeah, it’s a skill that you have to

be trained in, I think.
I think every scientist has to realise that, you know, the importance of it, I don’t
necessarily think it has to be a big component but therc has to be some level of

understanding.

The people who really didn’t want 1o do it, like you'd get in a group and then just be

the one who sits at the back and changes the overheads.
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Appendix 10.3 Example 1 of Member Checking Summary - Pieree, Lecturer

Swummation of interview:
You have significant experience in communicating science with non-scientists. You
have been involved with communication using the mass media, took on

communication roles from an early stage in your career, and enjoy this process.

You see a rale for carl y-career biotechnologists in science communication that
involves communicating the technical as well as the social and cthical implications
of research. You feel communicating with non-scientists about the social and ethical
implications allows biotechnology to be conlextualised and therefore, better
understood by non-scientists. Communicating scicnce may have reciprocal benefits
for early-carcer biotechnologists as involvement in science communication may
enable them 1o reflect on research and assess if they have a clear understanding of
what they are doing. You fecl science _é"ommunicalion skills are important
particularly important for biotechnologists because biotechnology is ofien a
commercial enterprise and consequently biotechnologists are ofien required to ‘sell

science’.

You feel biotechnology is communicated poorly lo non-scientists, which can be
attributed in part to the complexity of defining what biotechnology is. You feel
science communical.ion comes naturally to some scientists, but those who do not
have an innate skill in communication could become adept as science

communication through the provision of science communication training.

You are aware of the undergraduate unit in science communication offered by the
Division of Arts, and the generic skills training in communication offeredto
postgraduate students. As program chair of biotechnology you recommend the
science communication unit as an elective, but {ind the uptake of this unit is very
low. You think the generic communication skills training incorporated into the

undergraduate curriculum emphasises written communication skills, in particular
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report writing skills. Science communication training could focus more on oral

communication skills,

You feel science communication training should be ideally included in the
undergraduate curriculum, but do not teach any science communication content to
undergraduate or postgraduate students. Ideally the traihing for students to
communicate with fellow scientists would be embedded within existing units, and
lréining how to communicate with non-scientists would be delivered in a stand-alone
unit, Oral presentation skills would be emphasised as would how to prepare for
communication. Postgraduate training in science communication training would

centre on technical communication with other scientists.

You feel the provision of science communication training would reinforce the view
that science communicalfon is valued, It may penerale early-career graduates who
appreciate the importance of communicating and are more positively inclined
towards communicating. In reality, however, science communica__iidn training is not a
priority area for inclusion in the crowded biotechnology curriculum and it is not even
high on the égcnda ol content for inclusion. There is very little flexibility in the

biotechnology degree program for the inclusion of additional content.

You are not aware of any support for the provision of science communication
training for undergraduate biotech'nology students, but sce the croWdéd curriculum as
significant barrier. You are unaware of educational malerials that support the -
provision of science communication training for science students. .You do not feel

~ you have the ability to teach science communication and would seek support from

people with formal training in the area.

Hlustrative quotes .

I think people have dif! ﬁcﬁlty getting their head around what biotechnology aélually
- means, and maybe that’s because it’s a multi-disciplinary sort of science; it also
obviously has the commercial as.pects, the commerce aspects of marketing and

management embedded in it as well. And so [ think even the students that come into
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: biote.chnology are often unclear as to what'biotech'nology actually is. And so when
the scientists themselves — or the younger scientists we train to be biotechnologists -
are not sure Whai a biotechnologist is. It’s'quite difficult to then communicate that to
people who are non-scientists, .
No, I think it has to be both and I think that’s perhaps the best way to capture
people’s ilﬁagination about biotechnology. If you just present it as some sort of
.arcane new technology or whatever, I think it turns a lot of people off but if they can
see the rclevahc_e of it to, you know, social things, to, you know, their particular

lifestyle — how is it going to effect me — then it makes it more real.

Biotechnologists, if they're becoming true biotechnologists, are probably going to be
| working for biotechnology companies where they’ré going to be involved in the
marketing of biotechnological products. And they will have to be probably

" communicating to potential investors in the company and essentially explaining to
them why this product is worth supporting. So from that perspective I think the

training is more imporiant to biotechnologists than to quite a lot of other scientists.

- If that communication training is done in such a way that really impres_ses upon the

| student that as a bioteéhnologist this is a very important funcfion ol the
‘biotechnology is to be good communicators, and I would hope that would then
become emBedded in their psyche to such an extent that it would be part of their, part

of their overall training.

Part and parcel of the .seme'stcrisaliorl'symem that we have, where you're teaching
some fairly complex units in a pretty short timeframe, and it’s quite hard to actually
embed that sort of stuff in there without reducihg content. Now, maybe we're 100, |
maybe we’re too focdssed ori_ content. We get a little bit constrained by just how
r_nﬁch flexibility we can build into a degree programme because of having to meet the
requirements of cofe, double majofs, triple maj.ors and there are so many students-
who actually are demanding those sorts of combinations that you tend to sort of

l"oll(_)w the market trend.
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We had this review meeting — we've got the last review meeting next week — we had

a whole range of prio_ri_tiés' that we wanted to ﬁf in there, Int.éres'tingly science

" communication v'\_!asn.’t one of therr; and a lot of those priorities have actually had to
drop out bec_:e.luse. we just couldn’t find space for them, so I think it's going to be

difficult | | |

1 think the sooner that you get them thinking about science communication - and by
that I tend to mean science cdmmﬁnication to people who are non—scien'tists, I
suppose so they can think about how ¢ 25l the science down in a way that is:
explicable to a layperson, the better. Because they soon discover whether they really
understand the science tl{at they’re being taught. If you can’t distil it down to .
something to explain to somebody who’s hot a scientist, that is a fairly good
indication you don’t really have a thorough understanding of it yourself. So I think

that’s a fairly important part of the training for young scientists.
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Ap'p'e'ndix' 10.4 Example 1 of Member Checking Summary — Charles, Science

Communication Lecturer

Summation of r'n!erv;'ew.'

You feel biotechnology has been very poorly communicated with non-scientists and
there is evidence to suggest that science communication is given vef)' low priority by
the key stakeholders in this process (policy-make;s, scientists, promotions
committees, and lec_turefsj. You feel biotechnology students have a poor level of
understanding and awareness of science communication, with the exception of
students who have an interest is science technology policy or those who take elective
units in the social sciences, You feel that the communication of biotechnology needs
to be significantly improved, and this could be achieved by communication between
the community and biotechnologists at all stages of the innovation process {as

- opposed 1o current practice were communication between biotechnologists and the

community occur afier produgi development and release).

You feel that biotechnelogists (including early-career biotechnologists) have a
crucial role to play in communicating biotechnology research with non-.scientists, but
- their current communication efforts require significant improvement. When
communicating the technical aspects of biotechnology research, scientists should
present themselves as technical experts. They should also communicate the social-
and ethical aspects of their research, but preserit themselves as informed citizens.
You feel biotechnologists’ are disinterested in science communication and see it as a
low value, low reward activity. Their approach is primitive and limited to

communication with their peers or ‘selling science’ to the community.

You feel science communication is in.part, an innate ability. You feel generic skills
courses provide students with ‘nuts and bolts’ commpnicaﬁon skills but do not equip
them with the understanding, views or speéiﬁc skills required for effective science
communication. You feel that there are significant differences in the type of

communication that occurs between scientists compared to the communication that
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occurs between scientists and non-scientists and biotechnologists need to be aware of

thcée differences.

You think that biotechnology students are not provided with. any science
communication training. Ideally you would ensure all early-career biotechnologists
are provided with science communication training that aims to generate a two way
dialogue between scientists and non-scientists. You feel the need is so preat for
science communication training of biotechnologists that yoh would include a
compulsory unit in science communication in the undergraduate curriculum and
further training for postgraduate biotechnology students. You are pessimistic,
however, that training will be introduced into the biotechnology curriculum as you

feel that science communication is not a valued activity.

You have significant experience in teaching science communication and are aware of
the science communication resources available. You feel they are not particularly
good, lack local content and require adaptation for effective use in an Australian

context.

You feel science communication training of early-career biotechnologists would
improve biotechnologists’ views towards science communication, in particular,

increased understanding of, and sensitivity towards, community views and concerns.

Hiustrative Quotes:
Science communication is seen as an activity you undertake if you have time after

you’ve dohc the important things and the important ihings are doing science.

It’s got to be seen as an integral part. It’s got to be seen not just as something you do

if you have time or if someone has the interest.

I think the problem is with scientists and policymakers that have a very narrow view
of innovation, they see the process as one of producing x, y or z - it might be a new

- vaceine, it might be new genetically modified food, What they’ve got to understand
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is that péople in the community have the right, and do, reject those things if they.
think there’s a problem. So innovation — a key part of innovation - is explaining what
you do to the community before the innovation hits the comrhunity. So as you're
producing it you actually put time and effort into saying this h_.as a lot of benefit, it
has a downside, this is how we manage the downside. So by the time the product hits
the market or the process hits the 'market, people have a much better understanding
and they won’t do what they did in Europe and reject, for example, genetically
modified food. So what I'm saying is policyrriékefs and scientists need to rethink the
innovation process...... The radical shift that I would like to see is scientists, science
under-graduates, scientists and technologists seeing innovation in its broader
definition, which is, the community is actually a part of the process. The community
isn’t an add-on at the end.... Get them involvéd in the process all along the way, not
produce a génetically modified food and say ‘Why don’t you accept this?* and theh

be surprised when they reject it.

Part of their job, 1 think, is to say to.the comrﬁunity of course there’s a downside,
there is a risk but breathing is risky, crossing the road is risky, gettingonan
eieroplane is risky. We know that and what do we do? We manage the risk.
Similarly the scientists in industry who are producing this novel prdducl, this
innovation, know this as well as anybody on earth, better than anybody on earth. And
I think it’s — they have to be part of a team who fronts up to community, fronts up to
parliament and parliamentary enquiries and say ‘Yes, of course, there’s a risk 'with_ "
this product and this is what we’ve done about managing the risk’...... I think
| they’ve got a very techno-science view of innovation which, I think, is not goihg to

work in the twenty first century.
Industry has to see people, not just as consumers, but citizens.

I think the scientists saying ‘our expertise is in the science and that’s where it
stops’.....I mean that clearly is nonsense. They have to be accountable. ....They
certainly should be saying ‘We are the technical experts....but I'm also a citizen, you

know, and [ see the implications’.
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Science communicatio'n has got to be given some status by the supervisor of their -
doctorates or whatever, or their — if they’re doing an undergraduate degree - by the
pebple who lecture them, So 1 think if scientists can make the shift, then the science

undergraduates will pick up ‘ah this is an important activity’.

- Well they need to take it seriously. 1 mean, the current approach to communication, |
think, is let’s try and find more effective ways of communicating with our colleagues
- conferences and so on - let’s see if we can tell the community what we're doing so

they’ll give us more money. So it’s a very primitive view of communication.

They don’t see it as a high status, high level activity. Doesi’t bring many rewards so
why doit? In fact, T think — I wouldn’t be surprised if some regard it as a demeaning
activity almost. A real scientist - like real men don’t eat quiche - real scientists don’t

“communicate with the unwashed.

That sort of level is technically based. In other words it’s about how can 1 improve
.my communication? That’s important - what I call nuts and bolts - but the nuts and
bolts has to be put into some sort of context. In other words we need to understand
why a_re.t'hey doing this, what’s the peint, why we do want to communicate with
people? And they need to understand it’s not just a matter of 'communicatihg to, it’s
also listening, What are the community concerns, are they real concerns, are they

perceivéd concerns, and whichever they are they need to be tackled.

I think they certainly need training in skills so that they write better, more -
effectively, they speak better, more effectively, _th_e listen more effectively. But more
than t_hat; as I said be fore, they need to Iunderstand the context. Why are we doing
this? What’s the point? And the point isn’t so that people in the comn_mniiy might
spend more on funding. They may well do and that might be a spin off but the
primary reason is so that the community can be educated. They can be told aﬁout the-
developments. They can be given an opportunity to voice thei}. concerns and those
concerns can be tackled. So the skills are incredibly important, but they need to be

put in context,
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They must net assime that these are people who are ignorant, That's the most, the

worst possible thing you can do, assume people are ignorant,

In o sense it's alinost like you're going 1o a bew country. [f you go 10 o new country
you make all the eftorts you van 1o properly understand the language, the currency,
the customs. And that’s in a sense what you do when you itk 10 community groups.
You're actually ina difterent country. You're no longer in the country of seientists
or biotechnologists, people who don't have the background, they haven't spent seven

years, len years, twenty years working in this aren,

I think it's even more important for the pustgraduates because they are likely 1o be
working in industry and therefore they need to understand the community in which
llic)"rc aperating. And the community in which they operate docs have concerns
about various bivtechnology issues, whether its agricultural bioteeh or medical
biatech and | suspccl-i.ncrcasingly in environmental biotech..... 1 think it would be
useful for them to meet a couple of hours a week for a term or a semester, in which
they discuss with other people. So what they're getting is not one view - that's the
supervisors view. But, so effectively | think a version ol the science communication
unit which the under-graduates did would be good but ahigher level... .something
sustainable - | think weTve got (o get away from this idea of a morning or hall an
hour is going 1o do it - it's not. They need to refleet on the issues and, you know, if
~they think this is @ waste o' lime they need 1o actually, to say so - why are we doing

this?
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seeking, and it was expressed within the community by the whole school motto
that developed in the course of the research period: “You care, We care”,
~ Other authors have continued to remind members of the field that PSoC
must be able to handle other dominant themes and broader contexts, Prilleltensky
(2001) has already been referred to in this chapter, Whilst producing a helpfut
values-based praxis framework, not dissimilar to the ones developed and
~ described in this research, it has also been noted that in an effort to raise concern |
about one aspect of community oriented social action (social justice),
Prilleltensky seems to have missed another, equally important aspect (social
compassion),
Another theme that hés' been recently introduced to considerations about
PSoC, is that of adversity in the face of considering risk and resilience. Sucha
theme and model, as constructed by Sandler (2001) has been put forward to assist
community psychologists to review the “mechanisms by which adversities,
protective resources or interventions work, or how they are changed through
preventive ir&erventions“ (p. 48). It could be suggested that such a framework is
necessary because a dominance of the PSoC literature has been focussed on
- determining those factors that assist in its development, whilst ignoring factors
. destructive to PSoC. Unlike the frameworks depicted in this report, few
" researchers and theorists have attempted to simultaneously describe the positive
~ {transformative) and negative (adversity creating) conditions of PSoC, and the :
 interactions between them,
_ .The conceptualising of these mechanisms has been addressed by such
- authors as Maton (2000), whose work was used to help analyse the focus group
: _j__intérﬁews_ over time (Chapter 5). O’Donnell, Tharp, and Wilson’s (1999) work
o _o_'ﬁ activity settings has been incorporated into the construction of the key
B frameworks of this research, in recognition that they are the basic units of
.‘.."conceptualis_ed human activity” whereby the important variables are
- “relationships, because the heart of an activity setting is human interaction” (pp. o

» 5b4, 505). This concept of ‘intersubjectivity’ has not had much response in

subsequent PSoC articles, but is a reminder that the relationships in which PSoC

| is developed are central to unity or disparity, and are evident through the dialogue

o of t_hé persons in relationship. The mapping of intersubjectivity within aqtiviiy o

| S sgttings is something that could be added more explicitly in the kind of research
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undertaken here, This would be in line with Cronick (2002) who linked
conceptions of tife world, linguistic representations and intersubjectivity to
suggest that : “One way of innovating new realities is to create new
~_environments, When a new school is established... then a new basis for
subjectivity is prepared” (p. 536). This is what this research has been describing. |
Another dimension that could have been included in this research is the
‘multi-level modelling of Hughey, Speer, and Peterson (1999). In their construct,
‘the authors reminded community psychologists that communities are in tumn
embedded into larger communities, in the same way that sub-groups make up the
membership of any community as defined by the common membership vision of
that collective. In this way, the community relates to other communities in four
ways similar to that used in this research to portray individuais releting to a
“community. Lo
Thus, instead of discreet units within larger contexts, (as exemphf’ cd by
Maton, 2000), one could take the core of the community framework and
represent it within a comparative, yet larger context. Figure 10 illustrates this
- principle. Each triangle represents a unit of human interaction within an activity
setting, and represents the core constructs of vision, ethos, pathos, and
* connectedness. Each unit is given meaning by the descriptors of the community -~
referenced social regularities. In this illustration, the large triangle
(connectedness 1) represents the students’ whole school PSoC experience,
Triangle 2 represents the sub-group of the students’ class within this expenence,
and it too can be represented with reference to the PSoC experience re _
cOmmllment and alienation. The same could be generated for other sub-groupsto
~ whom the student is attached — for example, his or her peer group (tnangle 3,
and family (triangle 4).
' The large triangle could then be nestled within larger contexts — the group
of independent schools; all the schools of the State; etc. This then could
represent what Hughey et al. (1999) noted: ““The core values of PSoC will
emerge as individuals come to expect their interests are only realised among
~ others” (p. 109). Thus, multi-level analysis is represented without losing the core
« descriptors of PSoC, Tseng et al. (2002) promoted such approaches that help
" keep social change strategies focussed on the dynamic processes within systems,
rather than on outcomes within individuals. Brodsky, Loomis and Marx (2000)



also reflected similarly on the need to recognise that people were members of
“multiple communities, and thus interacted with “multiple senses [sic] of
commumty” (p. 321). They developed two-dimensional models to desci lbe thls

PSoC mteract:on

L .:'Figure ! 0 PSoC w1thm commumty

If such a consu'uct was cmployed thls research could have explored thc '_

B students' pamnts’ and staff member’s understandings of how their belongmgness B :

L -at one leve! had an impact on their membership of that level. The students’ - e

discourse had some aspects of this emerge (i.e. coming to school for friends more_ -
“than for classes), but it was not systematically explored, as suggested by this last .

- framework, Such work is thus left for another time. T
o Two last references will be referred to in this review of the outcomes of A
'_Objectnve 3. This section has been reviewing the broadening scope of :
_ commumty psychology. The author suggests that there is one more field that has -

' _ not been systematically explored conceptually or in practise. It is the area of

. 'creat:vuy and change. Sarason referred to it in his autobiography (1988) and in

L “one of his later writings on the preparation of teachers (as ‘performing artists’,

X l999a) However commumty psychology may need to consider more careﬁ.llly Lo »




the realm of the “world 3” (Eccles, 1987, p. 91} leve! of human thinking to
understand further the process of creative change within communities. Davies
(1989) draws on the work of Eccles and Polanyi to delve into the relationship
between the physical world, the transcendent world and the resulting creativity
between the two. He noted: _

But again, once it is recopnised that life transcends physics and chemistry,

there is no reason for suspending recognition to the obvious fact that

~ consciousness is a principle that fundamentally transcends not only
physics and chemistry but also the mechanistic principles of living things

(p. 194)

Davies explained that physics has developed the notion of ‘quantum’
leaps, and has observed apparent order from chaos. Perhaps community
psychology also has to think about the meaning that persons in relationships can
derive in the face of adversity, which can be defined as relational chaos. Sucha’
start in considering the non-physical aspects of life may lead us to greater acts of
integration, or community based tacit knowing (Grene, 1969),

This construct involves understanding the difference between what
alienates us in how we approach things. To look af something is to externalise or
alienate it. In contrast to this, we “endow a thing with meaning by interiorising
it” (Grene, 1969, p. 146). This takes us back to our starting point of this research,

- which was how to understand (create meaning from) student’s experiences in an
_ innovative school reform, with reference to its implications for PSoC. The '
proposition was to travel with them, to hear and internalise their ofen-unheard

voice, over 3 years. ' -

This search for understanding, within a world that is both transcendent

and rational, is not a new concemn. The last reference in this chapter belongs toa
re_s:archer'who analysed a teacher of teachers who lived over 1500 years ago.
Howie (1969) recorded the following as one of Augustine’s contributions to
. education; |
- ...he declared that wisdom..., is the ultimate goal of education, Wisdom
is & higher value than science, the former being ‘the intellectual .
| undérstanding of eternal [transcendent] things’, and the latter the ‘rational o

understanding of temporal things’. Therefore, as educators [and

commuaity psychologists] we must maintain a sense of proportion. (p. 27). L



CHAPTER 8 - CONCLUSION
In attempting to describe the life-worlds of students involved in an
' _'inno'vative middle school restructure, with reference to what was happening for |
them in their PSoC, the author committed himself to being a resident researcher
for 5 years. During this time, 33 focus groups with 120 students were used to
_ ' ' gather recorded interviews that were structured around critical community -~
- referenced and discourse sensitive questions. _
These students were chosen because the issue of substance being
_ investigated was that of alienation. It was demonstrated as being an issue of
substance in the literature about emerging adolescents in schools, and through th_c
practical experience of the author. The theoretical models were designed to see
how readily this construct could be mapped as the antithesis of increasing sense
of community. '

The qualitative focus for the methodology was chosen because very little
work had been done in Australia to hear the deeper text of the voices most
_ effected by the transition from primary to secondary schooling. No work had
~ been found describing this perspective with systematic reference to psychological
sense of community — that is, from a community psychology perspective,

Over the two years of informal research and the three years of the formal
research, there was gathered considerable complementary data to the interview .
data that enabled friangulation of the key concepts that were being developed,
This involved the analysis, through grounded theory, of about 400 surveys
(approx. 300 student and 100 adult) over the five-year period. There were also
nine other reports about the project that were analysed, most of which were
compiled by other researchers.

Chapter 7 outlined the progression of information that was collected,
analysed and refined into representative tables and figures. The key findings .
included establishing critical concerns for the students, including some that had
not been heard in this level of detail before. One aspect of this newer Jevel of
understanding was that the concerns could be usefully described, by using social
regularities that mirrored the key sense of community constructs, in a way that |

explained some of the key relationships between them.
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From this more dynamic base of understanding students’ concerns, sense
of community became progressively depicted as a relational journey towards = -
commitment or alienation. Because of the longitudinal nature of the research
project, this mapping became more detailed, and a general framework was
developed to present the dynamic tension within these types of journey. Thus-

.- commitment was understood as progressive, compromised or ceased. Alienation
was understood as progressive, averted, enacted or enforced. |

An ecological framework was also developed, and then applied ina
. number of case study situations. It illustrated the strength of PSoC concepts for

~ intervention theory and practise. This framework incorporated the ecological
contexts within which people experienced PSoC, as well as the dialectical tension
" that seems inherent in any full description of constructs of community.

| A review of the pertinent literature with reference to the three objectives
and four hypotheses of the research revealed that this project was one of the few
that has attempted to present students’ life worlds in such a comprehensive way.
* Similarly, whilst there was a growing research literature on community based
educational practice, there was not a concomitant rise in understanding of the
value of using community psychology’s constructs on sense of community, The
reviews revealed that given more resources and fore knowledge, the information
. ‘obtained might have been improved to give more useful information (sée
recommendat:ons below). |

* It was noted in this discussion that community psychologists should be

~- careful in what empmcally can be justified for measurement as an attribute. It

was suggested that psychological sense of community per se is a relational
process that needs to be understood in terms of tacit knowing, and that its effects '
. are that which could be measured by more quantitative methods. |
The final review section noted that the tendency towards individualism
could occur even when studying the relationship between communities. A
suggested framework for consideration in future research was constructedto
o 5ssi5t community psychologists to remember the multi-level nature of pérsbns in
relationship, in relationship. '
| Recommendations

1. That psychological sense of community still is used as one of, lf not the -

- pnmary, orgamzmg concept for commumty psychology.
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2. That the issue of the developmental mismatch for students moving
through the primary/secondary divide be still considered as an issue of substance,
particularly with reference to the compulsory nature of schooling. |

3. That community psychologists be involved in school systems to help
school personnel evalvate their teaching and learning processes as a relational
enterprise — and in the particular case of emerging adolescents, to use
psychological sense of community constructs to help evaluate the developmental -
sensitivity of the school structures. Having teachers that know students well, and
vice versa, should be the underlying aim of such endeavours,

4, That the ecological and community constructs of sense of community
be used systematically in planning interventions and that these constructs include

social regularities within activity settings. These intervention plans should keep
the metaphor of journeying within a commitment or alienation narrative as a
critical outcome focus. A regular part of such narratives would be the recognition
of the tension between the relationship forces within the community (the dialectic
_ of relational compromise towards establishing a common vision for life together).
5. That the frameworks developed in this research be further tested in
environments where the effects of increasing psychological sense of community
can be more gquantitatively measured,
6. That such detailed research projects be shared by a team of reseéré_hers, |
particularly for the cross validation of qualitative transcripts.
7. That networks and support structures for resident researchers be
- established for those adopting long term field placements. And
8. That community psychologists stay mindful of the broader conceptual
contexts that are only now finding expression within the field - notably, the
multiple levels in which communities in relation find themselves, and the
apparently mutually important needs for sense of community and spirituality.
Final Thoughts
This has been a long journey, and the acknowledgements at the start of
this report do not do justice to those who have been part of the commun ity that
has supported it. It is hoped that for these people who have been in relationship -
.' not just with the research, but also with me, the conceptual foundation of usiué an .

~ explicitly articulated and comprehensive framework of psychological sense of .
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community has offered hope to any community trying to develop a responsive

_ enviljonnlent in a compulsory setting. |

B | ltis suggested that without such a foundation, then this researcher would

' -_have been more prone to committing ‘scientific heresy’, if heresy is considered as

- taking part of the truth and exaggerating its pre-eminence in the scheme of things.

. Possible examples of this that are extant in the research and theoretical literature

; '_.'are'the promotion of empowerment without communion; of advocating social

~ justice without social compassion; of entering into social action without

commitment; or encouraging prevention programs without reflection and

o renewal

" Thus, the opposite of alienation for this author has become more than the '_ '
simple adding of the parts of sense of community. It is more than regularly |
coming together, although membership is important. It is more than being safe,

'altliough boundaries are important. It is more than experiencing compassion,
although caring for and being cared for is important. It is more than routine

_ connectedness, although regular mutuality in life’s details is important The
opposnte of alienation that has been conceptualised and developed in this rcscarch

B is a growth in commmnent, which is the fruit of genulne renewal asa person in .

'_ relatlonshlp _ . _ »
Seymour Sarason, as a long tlme commumty psychologlst with an almost

'equally long—term lnterest in education, has been oﬁ quoted in thls research and

- report. He agam had a sobermg reflection in a more recent art:cle on splrltual ity .

_and commumty psychology: _ o

- Schools do a very poor job of helping students understand why Iearnlng to -
CL live with each other is both an individual and group obligation and why .
L ~ over the millennia our track record is not heart-wanmng (2001, p. 604)

o Those of us communlty psychologists who are committed to work in educatlon in -

A S schools can consider more carefully if psychological sense of commumty isa.

 process, a relational journey to somewhere, from somewhere, whereby mean:ng o
" is added to our experience by reconciling the compromising forces wnhm our .

N lives. Then we may have opportunity to offer some courage to some

L cominunities to achieve some degree of hope, instead of growing despa.ir .
.= . - Fori m the framework of this study, alienation is the pathway to separatlon '
and 1ts attendant relatlonshlp difficulties. Who]eheartcd commltment is the o




pathway to deeper intimacy. Thus, our role as'com_munity psychologi;ts is to be

agents of invited intimacy. Without such a vision we are, as the old quote says, . . -

- in danger of perishing.
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Appendix 1:
Interview Questions
1. Vision — the Principle of Membership (belonging) - does the discourse
 of the students indicate that they belong? What style of conversation is there?
- Questioning? Compliant? Contradictory? Persuasive? Is there personal
acceptance and belonging tones? Does the language change across the yéar
groups? [This last question can be asked for all 4 arcas)

2. Ethos ~ the Principle of Givens (boundaries) - do the students in the
community know the boundaries in which they live at school? What does the
discourse say about what meaning is attached to these limits? What language
choices are made with reference to School being ‘their place'? What makes a
‘good’ teacher/class? What makes a *boring’ one? Is MS a safe place? Do they
like the structure of MS, with regard to the experimental balance between the
homeroom and specialist teachers?

3., Pathos — the Principle of Compassion (needs) - does the discourse of
the students indicate that they believe that they are listened to? Does the
construction of the discourse give any indication of patterns of what types of
people they think are able listeners and who are not? What relational functions
are achieved and represented during interview?

4, Connectedness —~ the Principle of Connectedness (commitment) - do the
~ students want to be there? How does the discourse reveal that they express this
as they go through their years between 5 to 8, and then into Senior School? What
persuasions about school are presented? Resentment or hope? Keen or

reluctant? Optimistic or pessimistic about the future at school?



Appendix 2:
S Survey Questions for Students
The first page asked the following:
1, What do you think works well in Middle School?
2. What do you think doesn't work well in Middle School?
3. Do you have any general comments to make about life at school?
Page 2 aimed to produce more personally reflective data that was comparable to
thé focus group critical questions:
1. Is what is expected of you fair in Middle School?
Examples could include conduct in class; playground routines;
homework; uniform; etc.
2. Are you listened to enough?
E.g. can you have your say about what is not right or safe?
3. Do you like coming to Pax Christian School?
E.g. would you like to be at another school?
After showing the first draft to homeroom teachers however, the page two
questions were modified to as below:
o 4. a, What are the expectations of you that are fair or unfair in Middle
"~ School?
E.g. your conduct in class; playground routines; homework; uniform; ete.
4, b, In what ways are you more fair or unfair to your friends this year.
compared to last year? _
5. a. In what ways are you listened to enough? When are you not listened
to enough? _
- E.g. can you have your say about what is not right? Can you find someone
to talk to if you believe you are not safe? '
5. b. In what ways have you been a better listener this year, if you have?
, 6. 2. If you like coming to Pax Christian School, why?
*E.g. would you like to be at another school? _
+ . 6. b. In what ways do you think that you are learning more this year? In -

what areas do you think you haven’t learnt much?

- Note that Chayter 4 describes how these questions were modified for the parents

. .atthe different stages of the five year research project. -

i3
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3 Appendix 3:
'+ Explanatory Communication with Parents for Student Interviews

Explanatorj; Letter:

- Tﬁis letter explains the interview procedures to the students and their pareﬁts..
| | PAX CHRISTIAN SCHOOL

.. Dear Student Leadet’s and Parents (current and past),

~Last year (1997) 1 conducted a series of interviews with student leaders about

. Middle School. Iwill be doing the same this year, again recording the interviews
for transcription and analysis. The interviews will be conducted in my office,
with lunch being provided. '

- The basis for the interviews for years 6 to 8 this year will be reviewing the
transcripts from last year’s interviews. Year 5 will be asked about their start into
" Middle School from Junior School.

Please be free to ring me if you have any questions about this program, The
results are used (anonymously) as part of the strategic planning of the school. I
do the analysis as part of my graduate studies (the schedule of which is framed to
- help the school’s enhancement program). Both processes help us fulfill our
commitment to understand our emerging adolescents better, and thus to create
better teaching and learning environments.

Could you please fill out the response slip below and return it to me at school so
that I know that you have been informed about this program?

I look forward to getting to know the Student Leader’s better over this time,
Thank you for your support.

~ Yours sincerely,
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