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Abstract 

The term free-choice learning has received relatively recent support, having 
been favoured by John Falk from around 2001. Free-choice learning can be 
described most simply as “the type of learning that occurs most frequently 
outside of school” (Falk, 2001, p.6). Free-choice science learning has 
connections with the research areas of science communication, the public 
understanding of science, public engagement with science and, in particular, 
informal learning. Additionally, Falk introduced the idea of working knowledge 
of science as, “knowledge generated by the learner’s own interests and needs” 
(Falk, Storksdieck and Dierking, 2007, p.464). 
 
This thesis explored the terms free-choice learning and working knowledge of 
science in order to gain a better understanding of their meaning and their 
importance. The work was carried out to address the following research 
questions: 
 

1. Can the BodyWorks exhibits be used as a tool to provide evidence of free-
choice learning and working knowledge? 

2. Can the BodyWorks exhibits be used as a tool to gain a better 
understanding of free-choice learning and working knowledge? 

3. What can be gained from revisiting scientific and health literacy concepts 
from the perspective of free-choice learning and working knowledge? 

4. Can best practice with regards to free-choice learning and working 
knowledge be shared between the fields of scientific and health literacy? 

 
Glasgow Science Centre’s BodyWorks exhibits were used as a tool to empirically 
investigate free-choice learning and working knowledge. Data were gathered 
using semi-structured interviews and staff diaries. It was found that 93% of 
participants referred to some type of free-choice learning experience when 
discussing the BodyWorks exhibits. A better understanding of free-choice 
learning and working knowledge was achieved. 
 
Free-choice learning and working knowledge were used as a lens through which 
to revisit the concepts and definitions of scientific literacy and health literacy. 
This theoretical work provided an insight to key themes developing in this 
literature and directions for future research.  
 
The results of both the empirical and theoretical parts of this thesis combined to 
produce implications for free-choice learning providers, formal education, the 
health sector and society. Most importantly the results presented ideas on how 
these groups could utilise free-choice learning and working knowledge to their 
benefit. 
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CHAPTER 1 – STARTING POINTS AND BACKGROUND 

STARTING OUT 

This study developed from Falk, Storksdieck and Dierking’s (2007) paper, which 

provided evidence for, and suggested further study into, the importance of free-

choice learning and working knowledge. Falk defines free-choice learning as:  

“the type of learning that occurs most frequently outside of school; in 
particular, free-choice learning refers to the type of learning typically 
facilitated by museums, science centers, a wide range of community-based 
organizations, and print and electronic media including the Internet” (Falk, 
2001, p.6).  

 

So the term free-choice learning as defined by Falk, is difficult to distinguish 

from the more established and well known term, informal learning. At this 

point, as I began to investigate it further, free-choice learning seemed 

immediately more suitable to the learning I have encountered taking place 

outside of schools. In particular, although informal communicates the casual, 

everyday nature of this type of learning, and sets out how this learning is 

different to formal learning, free-choice underlines how people take part in this 

learning for their own reasons and with their own objectives. Informal relates 

more to how and where this learning takes place but free-choice adds in the 

element of why the learning is taking place and in turn what learning is taking 

place. How learning is taking place must be of interest to those providing the 

learning but the learning wouldn’t be taking place without an initial reason for 

it. So, why learning is taking place, what has initiated the learning, or motivated 

an individual to learn must be of interest to those providing the learning. In my 

own experience, I have come across reasons including: entertainment; home 

education; hobbies; and, reminiscing. 

 

A further term has been used in this thesis and was introduced alongside free-

choice learning: working knowledge. Falk, Storksdieck and Dierking (2007) 

described working knowledge of science as “knowledge generated by the 

learner’s own interests and needs” (p.464) and, “the public’s self-defined 

understanding of science” (p.456). Working knowledge is gained by learning not 

what we “have to” but what we “choose to”. Also “some of what we learn we 

learn rather incidentally, without consciously wanting to learn” (p.459). Working 

knowledge is not only skills and factual knowledge or understandings, but also 
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consists of values, opinions, perceptions, attitudes and behaviours. Everyone’s 

working knowledge is unique to them: 

“each individual in a community is likely to have a different science 
knowledge repertoire; a level of science understanding determined by his 
or her specific needs, abilities and socio-historical context” (Falk, 
Storksdieck and Dierking, 2007, p.458). 

 

and: 

“Each individual develops an understanding of a specific area of science 
because of his or her unique, personal set of needs and desires to know 
about this area of science. Therefore, science knowledge is more likely to 
be patchy and context-specific, rather than broad and generalised” (Falk, 
Storksdieck and Dierking, 2007, pp.458-459). 

 

So, very simply, working knowledge can be thought of as everything gained 

through free-choice learning. Again this term reflects what I have witnessed in 

that individuals know different aspects of science to different levels of detail 

and because of different reasons. For example, individuals with a knowledge of 

sound and waves because of an interest in music, and adults wanting to gain 

some knowledge of astronomy in order to encourage a child’s interest. This also 

indicates the importance of free-choice learning in providing opportunities for 

individuals to follow interests and needs. The idea of working knowledge also 

suggests a positive view of individuals being part of a community with a vast 

range of experience and knowledge of science. 

 

The research used Glasgow Science Centre’s BodyWorks exhibits as a tool to 

examine interactions between a free-choice learning resource and working 

knowledge. The intention being to aid the future development of free-choice 

learning resources. Also, by looking at how individuals’ working knowledge 

interacted with free-choice learning resources, this work may provide a new way 

of measuring the impact of such resources. 

 

Free-choice learning and working knowledge were used in this thesis to examine 

research in the areas of scientific literacy and health literacy. It was hoped that 

this could create opportunities to share best practice between these fields and 

possibly prevent the two literatures from going over similar ground in isolation. 

Introducing the ideas of free-choice learning and working knowledge to the field 

of health literacy may help to tie down a clear definition of health literacy and 
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provide ideas on how health literacy develops, how it affects health and how it 

can be improved. A better understanding of health literacy could help in 

developing more effective initiatives to improve health literacy. Improved 

health literacy may assist the public in making more informed decisions about 

their health. The aim of improving health literacy being ultimately to improve 

health, reduce health inequalities and result in more efficient use of health 

service resources. 

 

FREE-CHOICE LEARNING AND WORKING KNOWLEDGE 

The starting point for this thesis was Falk, Storksdieck and Dierking’s (2007) 

paper titled “Investigating public science interest and understanding: evidence 

for the importance of free-choice learning.” It was in this paper that I first came 

across the terms free-choice learning and working knowledge being used in 

relation to the public’s understanding of science. From my experiences of 

studying and working in informal science education, I was familiar with 

comparable terms and ideas, in particular, informal and nonformal 

education/learning but, as outlined above, the term free-choice seems to fit 

with my experiences and thoughts on this field. Similarly, I had considered how 

people gain knowledge outside of schools and how personal experiences can add 

to an individual’s knowledge, but I had not come across the term working 

knowledge being used in relation to informal education. Clearly, both terms can 

be applied to a number of subject fields, but this study set out to focus on free-

choice science learning and working knowledge of science. It also developed to 

include the subject of health. 

 

Falk, Storksdieck and Dierking (2007) described free-choice learning as, “the 

learning that individuals engage in throughout their lives when they have the 

opportunity to choose what, where, when and with whom, to learn” (Falk, 

Storksdieck and Dierking, 2007, p.456). As such, it is a way of learning that 

allows an individual to follow up on interests, and to concentrate on subjects of 

particular importance or relevance to them. It is a way of learning that is free 

from the constraints of assessment and curriculums that are seen in most formal 

education settings.  

 

On a personal level, when one spends some time thinking about one’s own 
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working knowledge in relation to a particular subject, how and why this working 

knowledge developed, and using what sources, it is soon realised that it is a 

complicated concept with many interactions and starting points. It is further 

complicated by the simple fact that for some working knowledge, it is difficult 

to remember where it came from and why. This goes not just for facts, but also 

for values, opinions, skills, attitudes and behaviours. Some key ideas from the 

area of psychology will be at play here too. For example, the idea of transfer, 

and applying knowledge gained in one situation to another. Also, motivation and 

how this influences learning, and the idea of flow and how this contributes to 

learning. Perhaps the only way to fully understand one’s own working knowledge 

would be to keep a record of everything that happens to you, everything you 

interact with and what you think of it, both at that instance and in the future. 

 

BODYWORKS 

This study benefited from having access to a potential tool for investigating 

working knowledge and free-choice learning: Glasgow Science Centre’s 

BodyWorks exhibition (a free-choice learning resource). BodyWorks is about “our 

amazing bodies” and includes science shows and interactive workshops as well as 

exhibits. The programme has been designed to complement the Curriculum for 

Excellence Science and Health & Wellbeing outcomes in Scotland (see Appendix 

8 for BodyWorks development information). Although BodyWorks was developed, 

and is delivered by, a science centre, research involving science museums, 

museums, and other relevant free-choice settings were reviewed in this study. 

The BodyWorks exhibition is a traveling exhibition designed to visit both schools 

and community events. It has provided a starting point for a permanent 

BodyWorks exhibition, which was being developed by Glasgow Science Centre 

during the writing of this thesis and opened in March 2013. The current research 

contributed to the development of the new exhibition as the researcher liaised 

with science centre staff giving updates on this BodyWorks PhD project. 

 

The first question this project needed to answer was, can BodyWorks be used to 

investigate working knowledge and free-choice learning? A small pilot study was 

used to find out if relevant data could be gained from interviewing visitors who 

have used some of the BodyWorks exhibits. The pilot study would show if it is 

possible to bring out in conversation details of individuals’ working knowledge in 



Chapter 1  17 
 
relation to the BodyWorks exhibits. The interviews were also used to investigate 

if the individuals had participated in any free-choice learning activities as well 

as the resources they used to acquire working knowledge.  

 

Falk, Storksdieck and Dierking (2007) found free-choice learning to be important 

in science learning, “The findings strongly reinforce the lifelong, predominantly 

free-choice nature of science learning” (Falk, Storksdieck and Dierking, 2007, p. 

463). This study aimed to add to the evidence for the importance of free-choice 

learning and working knowledge using the BodyWorks exhibits. Additionally, the 

interaction between free-choice learning, working knowledge and the BodyWorks 

exhibits was investigated. This could provide a better understanding of working 

knowledge and free-choice learning. 

 

If free-choice learning and working knowledge are important, then science 

centres, museums and other free-choice learning providers could benefit from a 

better understanding of people’s working knowledge and how it interacts with 

their resources. Looking at how an individual’s working knowledge interacts with 

free-choice learning resources, and how it is altered by these resources, may 

present some ideas on how to improve future exhibits and activities, in terms of 

visitors’ engagement, enjoyment and learning. In addition, working knowledge 

may also provide a new way to look at the impact of current free-choice learning 

resources on those who interact with them. My own background and experience 

of working closely with free-choice learning has led me to view it as an area 

having a significant impact on the education of individuals, families and groups. 

However, this impact (or impacts) is difficult to specify and quantify and so free-

choice learning providers may not be receiving the credit, and support, they 

deserve. Falk’s idea of working knowledge may provide a way to look at free-

choice learning that will reveal its importance and justify its role in a wider 

science education.  

 

If free-choice learning is important, it should also be recognised in formal 

education. The individual nature of free-choice learning and working knowledge 

make this challenging to achieve. However, the role of formal education may be 

to provide the skills and motivation for successful free-choice learning 

throughout life. 
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SCIENTIFIC LITERACY 

If free-choice learning and working knowledge are important, it is of interest to 

see if they are being recognised in the research surrounding associated ideas. 

From working and studying in the fields of science communication and free-

choice learning I have, in the past, come across ideas that are similar to working 

knowledge. A literature review of these ideas showed how similar they are to 

working knowledge and what the relationship is between them and free-choice 

learning. The ideas discussed included: scientific literacy; personal awareness of 

science and technology; memories; strands of science learning; entrance 

narrative; prior knowledge; and, islands of expertise. It appeared that scientific 

literacy is the most widely used term in science communication and public 

understanding of science research that can be considered related to working 

knowledge. The link being that working knowledge makes up part of an 

individual’s scientific literacy. Scientific literacy has many definitions and 

models, some of which are more closely related to working knowledge than 

others. It is important to try to answer the question: what is the relationship 

between scientific literacy, free-choice learning and working knowledge? 

 

The literature on scientific literacy dates back to the 1950s. Since then a 

number of definitions and models of scientific literacy have been developed and 

proposed. It was of interest to this study to revisit some of these models and 

consider them through the lens of working knowledge and free-choice learning. 

This could show if, and how, models and definitions are taking free-choice 

learning and working knowledge into account. 

 

HEALTH LITERACY 

While researching the ideas and definitions of scientific literacy the term health 

literacy was discovered. This idea appears to overlap in places with ideas and 

models of scientific literacy. Both fields have separate literatures investigating 

and defining them, with scientific literacy having a longer history and health 

literacy having more recent importance. Although the two literatures span a 

wide range of subject areas, as diverse as museum studies and nursing, they do 

seem to be related suggesting that they must include ideas with the potential to 

benefit each other, or at least provide fresh directions for future research. 
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Which leads one to ask: what are the connections between scientific literacy and 

health literacy and what can they learn from each other? 

 

If scientific literacy research and models include free-choice learning and 

working knowledge, it may be of benefit for health literacy research to move in 

a similar direction. As with scientific literacy, a number of health literacy 

definitions and models have been proposed. By looking at these from the 

perspective of working knowledge and free-choice learning, new insights may be 

gained into their relationship with health literacy. 

 

As mentioned previously, the literature on scientific literacy and health literacy 

have produced models that overlap and are, in places, very similar. A 

comparison of these models may show what the two fields can learn from each 

other and provide directions for future research. 

 

Health literacy is a new and advancing field of research. By looking at health 

literacy from the point of view of working knowledge and free-choice learning, 

new perspectives and directions for further research may be gained. Health 

literacy is not only important to those who are patients but to every individual 

as we face more choice about our health. Being able to make informed choices 

about one’s own health is becoming more important. This importance is 

underlined by recent Scottish Government interest in health literacy (The 

Scottish Government, 2009). 

 

Following a proposal by the Health Improvement Strategy Division, the Scottish 

Government carried out a scoping study into health literacy in 2009 (The Scottish 

Government, 2009). One of the objectives of this study was to “Identify possible 

options for developing programmes, policies, and/or approaches on health 

literacy which merit further investigation” (The Scottish Government, 2009, 

p.7). The input of free-choice learning on health literacy was not covered in the 

report. The importance of free-choice learning would suggest that activities and 

resources (such as Glasgow Science Centre’s BodyWorks exhibition) should be 

considered as a relevant ongoing initiative. 

 

The report seemed to focus on health literacy as a risk and concentrates more 
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on health service initiatives to overcome poor health literacy, such as improving 

written materials, rather than ways to improve health literacy, or make use of 

individuals’ health literacy. By considering health literacy as an asset (see 

Nutbeam, 2008), looking at health literacy from the perspective of working 

knowledge and including an input from free-choice learning, a different set of 

recommendations may have been proposed. For example, including utilising 

people’s existing working knowledge to improve health literacy. Health literacy 

should become more prominent in governments’ health policies and initiatives. 

This thesis may indicate that this should include recognition of the importance 

of the input of free-choice learning to health literacy. 

 

In the paper used as the starting point for this study, Falk, Storksdieck and 

Dierking (2007) concluded from their preliminary evidence that most of the 

public’s lifelong science learning occurs through free-choice learning. They 

proposed that more work be undertaken to better understand this and also to 

gain a better understanding of people’s working knowledge. This thesis aimed to 

be part of this work by looking at the importance of free-choice learning and 

trying to gain a better understanding of working knowledge with the objective of 

benefiting free-choice learning providers. In addition, this study investigated the 

relationship between scientific literacy, working knowledge and free-choice 

learning and the links between scientific literacy and health literacy. 

 

IN THE NEXT CHAPTER... 

... previous research will be reviewed in order to establish how the terms free-

choice learning and working knowledge fit with other ideas. 
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CHAPTER 2 – WHAT ARE FREE-CHOICE LEARNING AND 
WORKING KNOWLEDGE AND HOW DO THEY FIT WITH OTHER 
IDEAS? 

This literature review took as its starting point the 2007 paper by Falk, 

Storksdieck and Dierking titled, “Investigating public science interest and 

understanding: evidence for the importance of free-choice learning.”  This paper 

considered the terms free-choice learning and working knowledge, and although 

these have been used prior to this paper, it was here that they are clearly 

defined and involved in empirical research. Working knowledge and free-choice 

learning are relatively new terms in the fields of public understanding of science 

and science communication. However, they are associated with other ideas that 

have been considered more extensively. This literature review looked at work, in 

particular theoretical work, in these areas and how it relates to working 

knowledge and free-choice learning. 

 

The following discussion of related literature and thinking describes the 

emergence of the research questions to be addressed in this thesis. This project 

made use of Glasgow Science Centre’s BodyWorks exhibition to explore the ideas 

of working knowledge and free-choice learning. BodyWorks is about “our 

amazing bodies” and includes science shows and interactive workshops as well as 

exhibits (see Appendix 1 for photos and descriptions of exhibits). The programme 

has been designed to complement the Curriculum for Excellence Science and 

Health & Wellbeing outcomes in Scotland (see Appendix 8 for BodyWorks 

development information). Although BodyWorks was developed and is delivered 

by a science centre, research involving science museums, museums, and other 

relevant free-choice settings will be reviewed in this study. 

 

Due to the content of the BodyWorks exhibits, this study specifically looked at 

working knowledge of science and health. An insight into this working knowledge 

and the resources people use to gain this knowledge may provide valuable 

information for the future development of activities and exhibits in science 

centres and museums. It may also help in the understanding of how free-choice 

learning can be integrated into formal education and how formal education can 

provide skills for free-choice learning. 
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Free-choice learning is now discussed in relation to closely related ideas and a 

comparison of working knowledge to similar research follows.  

 

FREE-CHOICE LEARNING 

Free-choice learning of science (and working knowledge of science) can be 

comfortably positioned alongside a number of existing research areas including: 

science communication; the Public Understanding of Science (PUS); Public 

Engagement with Science (PES); and, in particular, informal science 

education/learning. 

 

PUS has various definitions but is most simply, “the understanding of scientific 

matters by non-experts” (Science and Technology Committee, 2000, section 

3.1). Or, similarly, “Public understanding of science, as the name suggests, 

focuses on understanding science: its content, processes and social factors” 

(Burns, O’Connor and Stocklmayer, 2003, p.190). 

 

In some cases there has been a move away from PUS towards the related term of 

Public Engagement with Science (PES) where two-way communication and the 

public’s involvement in decision-making become important (Science and 

Technology Committee, 2000; Holden, 2002). In addition, there is also the term 

Public Awareness of Science (PAS) which has been used as an alternative for 

PUS:  

“Their aims are similar and their boundaries do overlap, but PAS is 
predominantly about attitudes toward science. PAS may be regarded as a 
prerequisite  - in fact, a fundamental component - of PUS and scientific 
literacy” (Burns, O’Connor and Stocklmayer, 2003, p.187). 

 

There are positive economic, utilitarian, democratic, cultural and social reasons 

that communication of science is important (Stocklmayer, Gore and Bryant, 

2001, p.ix; Science and Technology Committee, 2000). These reasons are similar 

to those discussed in relation to the importance of scientific literacy below (see 

Page 46). It would not be expected to find many voices against the 

communication of science or its goals of increasing or improving PUS, PES or PAS. 

However, it has been shown that promoting the public understanding of science 

with the goal of increasing support for science may not produce the 

straightforward results that are expected. Those more knowledgeable about 
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science may have less support for some areas of science, for example research 

that is “morally contentious” (Evans and Durant, 1995). 

 

The definitions above show that there are a number of terms that are closely 

related to free-choice learning, and that these are not clearly defined and 

sometimes used interchangeably.  Furthermore, when the term “science” is used 

it may include science, technology, engineering or maths (STEM). For the rest of 

this thesis, the word science is used assuming these other terms are included, 

unless otherwise specified. 

 

The term “free-choice learning” first appears to have been defined and used by 

the researchers John Falk and Lynn Dierking (1998). Falk defined free-choice 

learning as: 

“the type of learning that occurs most frequently outside of school; in 
particular, free-choice learning refers to the type of learning typically 
facilitated by museums, science centers, a wide range of community-based 
organizations, and print and electronic media including the Internet” (Falk, 
2001, p.6).  
 

They describe their reasoning for the new term as follows: 
 

“We coined the term free-choice learning more than 10 years ago in order 
to capture the essential nature of this paradigm shift in learning – a 
recognition that people learn everyday throughout their lives, but also that 
learning is first and foremost a learner-centred, not an institution centred 
phenomenon” (Falk and Dierking, 2012, p.1063). 
 

This definition corresponds with some ideas discussed in relation to informal 

education and learning. For example, when discussing informal education Lucas 

(1982) stated: 

“not all things that we are taught in the sense of learning from someone 
who deliberately sets out to teach us, are taught to us in institutions set 
aside for the purpose” (Lucas, 1982, p.89).  

 

He added, “We are certainly not taught everything that we know”(Lucas, 1982, 

p.89). Also, Crane’s (1994) definition of informal science learning is similar to 

the idea of free-choice learning:  

“activities that occur outside of the school setting, are not developed to be 
part of an ongoing school curriculum, and are characterised by voluntary as 
opposed to mandatory participation as part of a credited school 
experience” (Crane, 1994, p.3). 
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Informal learning takes place in, and involves, a wide range of organisations and 

settings. Organisations including:  

“libraries, schools, think tanks, institutions of higher education, 
government agencies, private companies, philanthropic foundations” and 
settings such as “family discussions at home, visits to museums, nature 
centres, or other designed settings, and everyday activities like gardening, 
as well as recreational activities like hiking and fishing, and participation in 
clubs” (Bell et al., 2009, p.1).  

 

In fact, it is difficult to think of any situation or setting where learning cannot 

take place. Lucas (1982, p.90) further divided out of school learning sources into 

two groups: “those that intentionally set out to educate” (such as science based 

TV programmes, documentaries, museums, zoos); and “those that are 

accidentally educative” (for example, science in other literature, images in 

books). Again it is difficult to think of a setting that would not fall into one of 

these groups. 

 

The definitions above could suggest that free-choice learning and informal 

learning are interchangeable terms. However, this is not the case and some 

researchers have a preference for one term over the other: 

“The terms informal science education and free-choice learning are both 
popular amongst different factions, and neither fully describes the breadth 
of the larger field” (Phipps, 2010, p.4). 
 

Falk (2001) preferred the term free-choice learning to informal learning as it 

takes into account the social context and the underlying motivation of the 

learner as well as the physical setting. Also, the term free-choice learning 

recognises the “unique characteristics of such learning: free-choice, non-

sequential, self-paced, and voluntary” (Falk, 2001, p.7). Also:  

“free-choice learning tends to be nonlinear, is personally motivated, and 
involves considerable choice on the part of the learner as to what to learn, 
as well as where and when to participate in learning” (Falk and Dierking, 
2000, p.13). 

 

In building this definition, Falk (1982, p.83) quoted Laetsch’s (1979) distinctions 

between formal and informal learning:  

“informal education is characterised by free choice, lack of prerequisites 
and credentials, heterogeneity of learner groups in background and 
interests, and importance of social interaction as part of the visit” (Falk, 
1982, p.83). 
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Perhaps Laetsch’s suggestion that informal is characterised by free choice is 

where Falk’s idea for using the term free-choice learning came from. 

 

Hein (1998, p.7) importantly pointed out that although the terms “formal” and 

“informal” are useful in describing the “administrative attributes of educational 

settings” they are not ideal for describing teaching. He gave the example that 

“classrooms in progressive schools, committed to a developmental - active 

learning philosophy, may look very much like a discovery gallery in a science 

museum” (Hein, 1998, p.7). Conversely, some activities in museums may be very 

similar to traditional school learning. Falk and Dierking (1998, p.2) agreed with 

this: “what makes learning different is partially the setting, but equally, if not 

more importantly, the underlying motivation of the learner.” They 

recommended the use of the term informal in reference to the setting and free-

choice when talking about the type of learning that happens in these settings. 

Martin (2004, S76) added:  

“the problem of defining “informal’ in a new way remains but, at this 
point, it is fair to say that most researchers are uncomfortable with a 
distinction between activities based solely on their location” (Martin, 2004, 
S76). 
 

In other words, formal refers to in school and informal out of school. This 

current study looked specifically at free-choice learning as defined and 

described above. However, some research that uses the idea of informal learning 

was useful in shaping the background and methodology of this thesis. Especially 

as free-choice learning is a relatively new term and so less research currently 

exists that uses the specific term. The differences between the terms, and 

perhaps the most appropriate term, could become clearer during the course of 

the literature review and the empirical and theoretical research that follow. For 

the purposes of this thesis, the terms free-choice and informal were applied 

according to how they were initially used by the researchers referred to. 

However, the general approach is that informal is describing the setting and 

free-choice is describing the learning. 

 

Another point on the use of terms to be noted is that some research referred to 

has been carried out specifically in science centres and some has been carried 

out in museums. In some cases the term museum has been used generically when 

referring to all museum-like organisations, including science centres and also 
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places such as zoos, botanical gardens and aquariums. General literature on 

museums mentioned here includes, for example: Falk and Dierking (1992; 1995; 

2000; 2002); Hein (1998); Jeffery-Clay (1998); Leinhardt, Crowley and Knutson 

(2004); McManus (1993); Roberts (1993); and, Roschelle (1995). 

 

THE IMPORTANCE OF FREE-CHOICE LEARNING 

Falk and Dierking (2002) stated that free-choice learning is the “single most 

dominant form of learning” (p.6) the “most common type of learning in which 

people engage”(p.9). 

 

One of the more obvious arguments for the importance of free-choice learning is 

the fact that we spend so little of our lifetimes in school.  Falk, Storksdieck and 

Dierking raised this point: 

“given that the average adult spends only a fraction of their life 
participating in some kind of formal schooling (estimates range from 1 to 3 
percent), we suggest that the contribution of school-based science learning 
to the long-term public understanding of science is quite limited” (Falk, 
Storksdieck and Dierking, 2007, p.455). 

 
Further support for the importance of free-choice learning was obtained by Falk 

and Needham: 

“Adult free-choice learning experiences such as reading books and 
magazines about science and technology, using the Internet, and watching 
science related documentaries and videos were collectively the strongest 
predictors of self-reported knowledge of science and technology” (Falk and 
Needham 2013, p.446). 
 

Falk (1982) pointed out the importance of non-school learning to schoolchildren: 

“Probably the most important things to realise about non-school learning 
are that: a) it exists; and b) it is probably dominant over school learning. 
Consider school-aged children: they spend more time out of school than in 
school. Despite the many hours children spend in a typical school this time 
amounts to only about 18% of their waking time in any given year. 
Something must be going on in their heads that other 82% of the time” 
(Falk, 1982, p. 82). 

 

Of course, free-choice learning is not only important to schoolchildren, and Falk 

and Dierking think free-choice learning is becoming increasingly important to all 

of us, “In the 21st century, the learning strategy of choice for most people, most 

of the time, will be free-choice learning” (Falk and Dierking, 2000, p.213).  
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Despite these indications at the importance of free-choice learning, most still 

consider it “a nicety rather than a necessity, an adjunct to the serious business 

of learning that takes place in classrooms” (Falk and Dierking, 2010, p.490). 

 

Crane (1994, p.4) also valued informal science learning and believed it should 

occur “not only during the limited years we are in school but throughout our 

lifespan.” In addition, Lucas (1983, p.1) believed schools need to prepare 

students for future free-choice learning and “school courses could be judged on 

how well they provide a framework for future informal learning.” Also, “school 

science decisions need to take into account how what is taught interacts with 

informal sources” (Lucas, 1983, p.28). Glasgow Science Centre’s BodyWorks 

project straddles the locations of formal education and informal education as its 

programme takes it into schools but also community groups and general public 

settings. It is perhaps a useful example of how formal and free-choice learning 

interact. For example, a student could interact with the exhibition outside of 

school but meet topics and ideas that have, or will, be covered in the classroom. 

Lucas (1982) believed that it is the interactions between formal schooling and 

out of school sources of learning that are likely to be important. He questioned 

what could be done in school science courses “to maximise the transfer of skills 

in learning to out of school sources?” (p.93). Falk, Storksdieck and Dierking 

(2007, p.464) suggested that better integration of school, work and leisure time 

learning experiences could be a “more robust approach to long-term gains in 

public understanding of science.” In addition, Lucas (1983, p.3) suggested that 

those teaching in formal education could benefit from understanding the 

interaction between informal and formal learning. 

 

Crane (1994b, p.182) suggested “Informal learning is a conduit to other layers of 

learning” and went as far as to suggest that schools may have been claiming 

gains in learning that have occurred as a result of more than classroom learning. 

She asked, how informal and formal learning can complement each other and 

suggested that the interconnections between the two could be “planned 

systematically” (p.188). This planning seems to contradict definitions of informal 

learning and Falk’s description of free-choice learning. In particular the idea 

that free-choice learning is “free-choice, non-sequential, self-paced, voluntary” 
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(Falk, 2001, p.7). Also, “it is exactly because free-choice learning is not like 

school that it has such value” (Falk and Dierking, 2010, p.492). 

 

It could be argued that, in simple terms, free-choice science learning, informal 

science education and formal science education all have very similar goals, 

related to increasing the public’s understanding of science (or public’s 

engagement with science). Yet, there are different opinions on what the goals of 

informal education are, which include: inform/educate; knowledge gains; 

conceptual understanding; changing perceptions and attitudes; and, behaviour 

change (Crane, 1994, p.8). All these goals are covered by the idea of free-choice 

learning, yet even this may contradict the very idea of being free-choice, which 

would suggest the goals of the learning are dictated by the individual. 

 

Falk, Storksdieck and Dierking (2007) discussed the contribution of free-choice 

learning to the public understanding of science, suggesting that its importance is 

often overlooked and that this importance can only increase. Their evidence 

suggested that “a majority of all lifelong science learning occurs outside of 

school, and in particular occurs through the process of free-choice learning” 

(Falk, Storksdieck and Dierking, 2007, p.465). In 2010, Falk and Dierking again 

stressed the significance of free-choice learning: 

“Our research shows that free-choice learning experiences represent the 
single greatest contributors to adult science knowledge; childhood free-
choice learning experiences also significantly contributed to adult science 
knowledge” (Falk and Dierking, 2010, p.489). 

 

Falk (2002, p.64) underlined the importance of free-choice learning stating: “a 

vibrant and active free-choice learning sector is fundamental to a scientifically 

and technologically literate society.” The need for a scientifically literate 

society and the importance of a public understanding of science were well 

described in the “Bodmer report” (Royal Society, 1985, pp.9-11). The report 

stated economic, political, social and cultural benefits of a public understanding 

of science. These reasons were described again by those examining scientific 

literacy (see Page 46). 

 

Free-choice learning is a relatively new term and, although related to informal 

learning, very little research has been carried out to investigate it specifically; 

the most notable being the study by Falk, Storksdieck and Dierking in 2007. The 
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BodyWorks exhibits provide an opportunity to explore free-choice learning. The 

exhibits may be used as a tool to: find evidence of free-choice learning and to 

gain a better understanding of free-choice learning. 

 

The main strength of Falk’s work on free-choice learning is that over the years 

he has developed his thinking and adapted models according to empirical 

evidence. In the 1982 publication “Science education for the citizen: 

Perspectives on informal education” he set out his ideas with regards to informal 

being more important than formal education. Since then he has worked to find 

evidence and to produce models to better understand these ideas. For example, 

models of how people interact with museums (The Interactive Experience Model, 

Falk and Dierking, 1992; Contextual Model of Learning, Falk and Dierking, 2000; 

The Museum Experience Revisited, Falk and Dierking, 2013). He has also tested 

his ideas and models and worked to find evidence to support or adapt them (e.g. 

Falk and Storksdieck, 2005; 2010). Most importantly, for this study, he has 

worked to provide evidence for the importance of free-choice learning, 

specifically through the LASER (Los Angeles Science Education Research) project 

at the California Science Center (e.g. Falk, Storksdieck and Dierking, 2007; Falk 

and Storksdieck, 2010; Falk and Needham, 2011; 2013). 

 

However, this well planned and executed body of research has its limitations. 

Many of the main researchers that we come across in the field of informal, out-

of-school learning have worked with Falk at some point (including Storksdieck, 

Dierking, Rennie). As a result it is impossible to find a complete contrast in 

opinion or a challenge to Falk’s ideas.  

 

With regards to the introduction of the term free-choice learning, Falk has 

clearly explained the difference between this new term and the more widely 

used informal learning, i.e. it concentrates on the how and why of learning 

rather than the where. However, he hasn’t given many distinct benefits for using 

the newer term. The main advantage seems to be that it provides a way of 

bringing together research in informal learning (mainly based in museums and 

organisations) lifelong learning (adult/community learning) public understanding 

of science and public engagement with science (including attitudes, and 

scientific literacy research). Also, for health literacy it brings together health 
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education, promotion, health sector, culture and community. The lack of 

advantages may be part of the reason that despite being introduced around 1998 

(Falk and Dierking, 1998), the term free-choice learning still hasn’t been taken 

up by those working or researching in the area. 

 

It is also surprising that although he has discussed the role of free-choice 

learning alongside scientific literacy (for example Falk, Storksdieck and Dierking, 

2007, p.457) Falk hasn’t revisited any of that great body of work on scientific 

literacy. This contributed to the development of this thesis’ research questions. 

 

A final problem with Falk’s work for this thesis is that it is American based 

whereas the current study is UK based. Many of the ideas will work in both 

places but the history of science centres (where much of Falk’s research is 

carried out) is much longer in the US. People know what a science centre is and 

these places have been in their culture since around the 1960s whereas in the UK 

most science centres only appeared in early 2000s. Also, the California Science 

Centre, where a great deal of Falk’s work is carried out is free to visit, whereas 

science centres in the UK charge entry fees. This is likely to mean that different 

types of people attend and with different reasons for visiting. 

 

WORKING KNOWLEDGE 

Falk, Storksdieck and Dierking (2007) described working knowledge of science as 

“knowledge generated by the learner’s own interests and needs” (p.464), “the 

public’s self-defined understanding of science” (p.456). Working knowledge is 

not “some generalised body of knowledge and skills that every citizen should 

have” (p.458) but is “a series of specific sets of only moderately overlapping 

knowledge and abilities that individuals construct over their lifetimes” (p.458). 

 

Everyone’s working knowledge is unique to them: 

“each individual in a community is likely to have a different science 
knowledge repertoire; a level of science understanding determined by his 
or her specific needs, abilities and socio-historical context” (Falk, 
Storksdieck and Dierking, 2007, p.458). 

 

and: 
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“Each individual develops an understanding of a specific area of science 
because of his or her unique, personal set of needs and desires to know 
about this area of science. Therefore, science knowledge is more likely to 
be patchy and context-specific, rather than broad and generalised” (Falk, 
Storksdieck and Dierking, 2007, pp.458-459). 

 

This idea of personalised, individual science knowledge was described clearly by 

Layton, Davey and Jenkins (1986) as they discussed their concept of Science for 

Specific Social Purposes (SSSP):  

“For adults, the learning of science tends to serve functional ends as 
diverse as the overcoming of previously implanted fears and inhibitions 
about scientific knowledge, the fostering of active concerns about the 
equality of the natural environment, and the coping with personal tragedy 
such as the birth of a handicapped child” (Layton, Davey and Jenkins, 1986, 
p.40). 
 

This is related to how Miller (2010) describes adult learning in the age of the 

Internet as people gaining information in a “just-in-time” mode:  

“In the just-in-time world, most individuals will engage with science and 
technology when they feel a need to do so, and this need may often be 
associated with a more immediate need to solve a problem or understand a 
contested issue” (Miller, 2010, p.201). 

 

Working knowledge, then, is gained by learning not what we have to but what 

we choose to. Also “some of what we learn we learn rather incidentally, without 

consciously wanting to learn” (Falk, Storksdieck and Dierking, 2007, p.459). 

Importantly, working knowledge is not just made up of facts and understandings, 

but also values, perceptions, attitudes, and beliefs. Perhaps working knowledge 

could simply be seen as the outcome of free-choice learning. 

 

WORKING KNOWLEDGE AND CONSTRUCTIVISM 

The ideas of working knowledge (and the processes of free-choice learning) are 

clearly rooted in the constructivism area of educational theory. Hein (1998) 

discussed learning in museums in terms of constructivism. His description of 

constructivism as “learning that requires active participation of the learner” 

(p.34) was similar to Falk’s description of free-choice learning as “self-paced 

and voluntary” and of working knowledge as “generated by the learner’s own 

interests and needs.” Also, the way in which Leinhardt and Knutson (2004, p.4) 

described constructivist learning as emphasising “the role of the learner as 

actively seeking and building knowledge upon his or her prior knowledge and 
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beliefs” was similar to Falk’s idea of working knowledge being generated by a 

learner’s personal “interests and needs” and constructed over a lifetime. 

Similarly, Shapiro (1994) described the role of the learner in the constructivist 

perspective as, “not to passively receive information, but to actively participate 

in the construction of new meaning” (p.8) and “approaches to teaching and 

learning should begin by understanding what it is that learners bring to learning” 

(p.xiv). 

 

Hein (1998) pointed out that “All of us interpret nature and society differently, 

depending on our own background and experience” (pp.34-35). Dierking et al. 

(2003, p.109) had a similar view in relation to the construction of science 

knowledge, and stated that the experiences children and adults have 

“dynamically interact to influence the ways individuals construct scientific 

knowledge, attitudes, behaviours, and understanding.” It could be said that 

working knowledge is the “scientific knowledge, attitudes, behaviours, and 

understanding” described by Dierking et al. (2003, p.109) and it is constructed 

from the “background and experience” mentioned by Hein (1998, pp.34-35). 

Dierking et al. (2003, p.109) summarised this saying, “Learning in general, and 

science learning in particular, is cumulative, emerging over time through myriad 

human experiences.” 

 

Falk (2001) described a simple example of how science knowledge might be 

constructed: 

“an individual’s understanding of the physics of flight might represent the 
cumulative experience of completing a classroom assignment on Bernoulli’s 
principle, reading a book on the Wright brothers, manipulating a science 
centre exhibition on lift and drag, and watching a television programme on 
birds. All of these experiences are combined, often seamlessly, by the 
person to construct a personal understanding of flight; no one source of 
information was sufficient to create this understanding, nor was one single 
institution solely responsible” (Falk, 2001, p.14). 

 

It is the contribution of free-choice learning to this understanding that forms 

working knowledge. This is an example of how “All of our learning happens 

continuously, from many different sources and in many different ways” Falk and 

Dierking (2002, p.10). 
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When discussing theories of learning Hein described constructivism in a way that 

related it closely to working knowledge: 

“If people construct knowledge, then we have to ask: what knowledge 
resides in their minds, regardless of the formal structure of the subject? It 
becomes much more important to look at the learner, and to ask: what 
ideas does this learner have, regardless of formal education?; what are 
visitors’ previous experiences?” (Hein, 1998, pp.36-37). 

 

If individuals are forming their working knowledge of science from different 

sources, in different ways according to their interests and needs, combining this 

with their own personal experiences, their attitudes and beliefs, then, there is 

of course the chance that this working knowledge will be flawed. It may be 

based on misconceptions and misunderstandings. Free-choice learning providers 

must consider whether their position is to correct these misunderstandings or to 

take a more constructivist approach and to use them to build on. 

 

Davis, Horn and Sherin (2013) discussed a constructivist approach of science 

learning in museums. They considered prior knowledge, even if incorrect, flawed 

or based on misconceptions, as something to work with and build on. They 

looked at theories of learning “that reconceive misconceptions not as faulty 

notions that need to be replaced, but as the building blocks from which 

expertise is ultimately constructed” (p.34). This fits with the idea of working 

knowledge being related to constructivist theories, and that new knowledge is 

built from existing knowledge (Davis, Horn and Sherin, 2013, p.35). 

 

By being involved in the present study, and being interested in how visitors make 

meaning from the BodyWorks exhibition, Glasgow Science Centre is placing itself 

as a constructivist institution, “a learning institution that constantly improves its 

ability to serve as an interpreter of culture by critical examination of exhibitions 

and programs” (Hein, 1998, p.178). 

 

IDEAS SIMILAR TO WORKING KNOWLEDGE 

Despite there being limited research (theoretical and empirical) specifically on 

working knowledge, other work is closely related. There are many other ideas 

that are comparable to Falk’s working knowledge and most of these are based 

on a constructivist perspective: 
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”There is an interdisciplinary community of scholars and educators who 
share an interest in developing coherent theory and practice of learning 
science in informal environments. However, more widely shared language, 
values, assumptions, learning theories, and standards of evidence are 
needed to build a more cohesive and instructive body of knowledge and 
practice” (Bell et al., 2009, p.305). 

 

Those most similar to working knowledge are outlined below.  

 

Personal Awareness of Science and Technology 

Stocklmayer and Gilbert (2002) proposed the idea of PAST - Personal Awareness 

of Science and Technology. PAST appears to be comparable to working 

knowledge in that it is thought to be enhanced through “personal experience 

and exploration, rather than by didactic transmission teaching of the traditional 

kind” (Stocklmayer and Gilbert, 2002, p.836). 

 

Like working knowledge PAST is accumulated and added to by an “iterative 

process”. However, the descriptions of PAST were perhaps more similar to ideas 

of scientific literacy (discussed later, Page 43) rather than working knowledge. 

For example, the definition of PAST from Gilbert, Stocklmayer and Garnett 

(1999, p.18) mentioned “an evaluation of the status of technological knowledge 

and its significance for personal, social, and economic life” and this seems to fit 

closely with Shen’s (1975) practical and civic scientific literacy (described later, 

Page 45).  

 

In their study, Stocklmayer and Gilbert (2002, p.837) concentrated on the 

impact of the exhibit on PAST (changes in PAST), “we have sought to describe 

the impact on visitors’ mental models produced, both in the short and long 

term, by interaction with an exhibit.” The impact of an exhibit may include an 

impact on an individual’s working knowledge. It is important to note that PAST is 

specifically concerned with Science and Technology - working knowledge could 

be applied to any subject. 

 

Memories 

Afonso and Gilbert (2006) looked at the types of memories retrieved and used to 

understand science exhibits: episodic; semantic; and, procedural. Working 
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knowledge is more general and could include all three types of memories. If 

memories retrieved during interaction with BodyWorks exhibits were analysed, a 

similar result to Afonso and Gilbert (2006, p.1534) might be expected, “the 

majority of the visitors’ accessed memories are episodic or semantic.” In other 

words, most memories are about personal experiences (episodic) and facts, 

ideas, concepts (semantic). However, different types of exhibits may retrieve 

different types of memories. It was anticipated that the majority of BodyWorks 

exhibits might be less likely to retrieve procedural memories. 

 

Strands of Science Learning 

Similar to some models of scientific literacy (see Page 43) are Bell et al.’s (2009) 

strands of science learning. They introduced a framework of six strands for use 

as a tool “for organising and assessing science learning” (Bell et al., 2009, p.4) in 

informal environments. Many of the ideas discussed by Bell et al. relate closely 

to working knowledge, and their description of learning in everyday settings is 

similar to how Falk describes working knowledge. For example, “Moments for 

science learning and teaching surface in people’s everyday lives in unpredictable 

and opportunistic ways” (Bell et al., 2009 p.93), “Virtually all people develop 

skills, interests, and knowledge relevant to science in everyday and family 

settings” (Bell et al., 2009, p.97). 

 

In particular, Bell et al.’s (2009, p.28) notions of “lifelong learning”, “life-wide-

learning” and “life-deep learning” could all be considered part of working 

knowledge. Life-wide learning emphasising that learning takes place across a 

range of settings and activities. Life-deep learning recognising that beliefs and 

values involved in the culture of communities and society is important in 

learning. Bell et al. (2009, p.34) also suggested the outcomes of informal 

learning include “the development of interests and motives, knowledge, 

affective responses and identity” and this was similar to Falk and Dierking’s 

(1992) personal context. 

 

Personal Context 

Falk and Dierking (1992) discussed a visitor’s museum experience in terms of the 

Interactive Experience Model. This model covers the visit from when a decision 
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is made to go to a museum to “the remembrance of the museum visit, days, 

weeks, and years later” (Falk and Dierking, 1992, p.1). Of the three contexts 

described in the model: personal; social; and, physical, the description of the 

personal context is closest to the idea of working knowledge. In particular, the 

description of the personal context as a “personal reservoir of knowledge, 

attitudes, and experience” (Falk and Dierking, 1992, p.25) and that it includes 

“the visitor’s interests, motivations and concerns” (Falk and Dierking, 1992, p.2) 

is very similar to the idea of working knowledge. Falk and Dierking (1992, p.136) 

suggested that the personal context means that “each visitor learns in a 

different way, and interprets information through the lens of previous 

knowledge, experience and beliefs.” However, the personal context does not 

exclusively include knowledge gained from free-choice learning. 

 

Falk and Dierking (2000) updated their model (now the Contextual Model of 

Learning) to include the dimension of time and suggested thinking of their model 

as: 

“the personal context as moving through time; as it travels, it is constantly 
shaped and reshaped as it experiences events within the physical context, 
all of which are mediated by and through the sociocultural context” (Falk 
and Dierking, 2000, p.11).  
 

So the personal context of the contextual model of learning feels similar to the 

idea of working knowledge being constructed over a lifetime and being based on 

personal interests and needs. 

 

Falk and Dierking (2000, p.79) added that the personal context means that each 

individual arrives at a museum with a personal agenda, which includes “personal 

interests, values, prior experiences, visit motivations, and expectations”. This 

agrees with the idea of the “Entrance Narrative” proposed by Doering and 

Pekarik (1996).  

 

Entrance Narrative 

Doering and Pekarik (1996, p.20) described the “entrance narrative” as “the 

internal storyline that visitors enter with.” They explained the entrance 

narrative as having three components: 

“A basic framework i.e. fundamental way that individuals construe and 
contemplate the world.” 
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“Information about the given topic, organised according to that basic 
framework.” 
“Personal experiences, emotions and memories that verify and support this 
understanding” (Doering and Pekarik, 1996, p.20). 

 

The first component of the entrance narrative, the ”basic framework”, could be 

similar to parts of working knowledge in that how individuals “construe and 

contemplate the world” (Doering and Pekarik, 1996, p.20) will depend on 

understandings, values and perceptions. In their research Doering and Pekarik 

did not investigate the difference in individuals’ basic frameworks but they did 

suggest that “indirect evidence of its importance” is that museums do not “draw 

all segments of the population equally” (Doering and Pekarik, 1996, p.20) and 

formal education is the essential factor in determining whether an individual is 

likely to visit a museum. Doering and Pekarik went on to hypothesise that the 

relationship between formal education and museum visiting reflects the 

influence of formal education on the way that individuals encounter and think 

about the world and their place in it. This is a very narrow and simplified view 

and does not take into consideration the contribution of free-choice learning 

(including lifelong learning). Also, it cannot be assumed that because museum 

goers generally have the same level of formal education that their “basic 

framework” is the same. 

 

Although they have not included the influence of free-choice learning in the 

“basic framework”, Doering and Pekarik did think that the close relationship 

between formal education and museum visiting suggests the value of museum 

experience in supporting the viewpoints acquired in school. This hints at the 

importance of museums as a resource in free-choice learning. 

 

The entrance narrative could be seen as the concept of prior knowledge 

specifically applied to a museum setting. 

 

Prior Knowledge 

Prior knowledge has a probable role in “how and why visitors make personal 

connections with the subject matter presented in an exhibit” (Falk, Dierking and 

Holland, 1995, p.28). Prior Knowledge is personal to individuals, like working 
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knowledge, “A person’s Prior Knowledge is part of his or her personal identity in 

society” (Roschelle, 1995, p.47). 

 

Exhibits are often designed with the aim that little prior knowledge is required 

to use the exhibit. If we knew more about prior knowledge would museums 

design exhibits differently if they had more information on what people already 

know? (Falk, Dierking and Holland, 1995, p.30). This may not be easy to 

investigate:   

“Although it can be predicted with certainty that visitors’ entering 
knowledge, interests and beliefs can and do affect learning from museums, 
in exactly what ways is harder to predict” Falk and Dierking (2000, p.80).  

 

Borun, Massey and Lutter (1993) suggested that even people’s misconceptions 

about science can be addressed through getting to know the audience and taking 

this into account in exhibit design. Conversely, Davis, Horn and Sherin (2013) 

stated that:  

“when we design exhibits to explain away or replace misconceptions, we 
are ignoring the active nature of knowledge construction and setting 
ourselves up for failure” (Davis, Horn and Sherin, 2013, p.37) 
 

They did agree though that the first step in designing exhibits is to “assess 

visitors’ current understanding” (Davis, Horn and Sherin, 2013, P.38). In other, 

words, take their working knowledge into account. 

 

Roschelle (1995, p.37) stated the significance of prior knowledge in the process 

of learning, “a large body of findings shows that learning proceeds primarily 

from prior knowledge and only secondarily from the presented materials.” Prior 

Knowledge is “the raw material that conditions all learning” (Roschelle, 1995, 

p.41). Yet, how can individuals use their prior knowledge in learning if their 

prior knowledge is incorrect or flawed? Roschelle described prior knowledge as 

simultaneously necessary and problematic and called this the paradox of 

continuity. It was suggested that educators treat prior knowledge as “a set of 

building blocks, and not an enemy fortress” (Roschelle, 1995, p.42) that 

“knowledge is best seen as raw material to be refined” (p.48). Working 

knowledge could also be considered in this way. This fits with the perspective of 

Davis, Horn and Sherin (2013) (discussed above Page 33) where even incorrect 

knowledge is seen as something to build on. They viewed misconceptions “not as 

faulty notions that need to be replaced, but as the building blocks from which 
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expertise is ultimately constructed” (Davis, Horn and Sherin, 2013, p.34). They 

followed:  

“several modern theories of learning that reconceive misconceptions not as 
faulty notions that need to be replaced, but as the building blocks from 
which expertise is ultimately constructed” (Davis, Horn and Sherin, 2013, 
p.34). 

 

How misconceptions within working knowledge are formed, changed, or 

reinforced is an interesting area of research. However, it may be useful to gain a 

better understanding of free-choice learning and working knowledge and their 

importance before looking more closely at misconceptions. This thesis aims to 

contribute to this better understanding. 

 

Islands of Expertise 

Working knowledge seems to be a generalised, less detailed form of what 

Crowley and Jacobs (2002) called Islands of Expertise. An Island of Expertise is 

“a topic in which children happen to become interested and in which they 

develop relatively deep and rich knowledge” (Crowley and Jacobs, 2002, p. 333). 

Although this definition specifies children, the idea of Islands of Expertise seems 

to be suitable for adult learning too. 

 

The main similarities between working knowledge and Islands of Expertise are in 

the description, “cumulates from many relatively unremarkable moments” and 

also “most of what they know about a topic they probably learned in smaller 

moments of practicing, remembering, and exploring” (Crowley and Jacobs, 

2002, p. 337).  

  

The BodyWorks exhibits could contribute to an Island of Expertise. It seems 

likely that some people would have Islands of Expertise in relation to an aspect 

of health. BodyWorks exhibits would contribute to the process of the creation of 

an Island of Expertise, described by Crowley and Jacobs (2002) as:  

“repeated exposure to domain-specific declarative knowledge, repeated 
practice in interpreting new content, making inferences to connect new 
knowledge to existing knowledge, repeated conversations with others who 
share or want to support the same interest, and so on” (Crowley and 
Jacobs, 2002, p.337). 
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Crowley and Jacobs used the example of a child who is given a Thomas the Tank 

Engine book for his second birthday and subsequently over time and from many 

sources and experiences develops an Island of Expertise on trains. “His 

vocabulary, declarative knowledge, conceptual knowledge, schemas, and 

personal memories related to trains are numerous, well-organised, and flexible” 

(Crowley and Jacobs, 2002, p.335). 

 

Working knowledge could perhaps be thought of as an Archipelago of Expertises. 

Developing an Island of Expertise is similar to processes of free-choice learning, 

especially in that it may be opportunistic. However, “some of the learning may 

be highly planned and intentional” (Crowley and Jacobs, 2002, p.336). Also, 

some of the knowledge in an island of expertise may have been gained from 

formal education and therefore not working knowledge. 

 

While Islands of expertise are straightforward and clearly related to how working 

knowledge is acquired, Collins and Evans’ (2007) Periodic Table of Expertises is 

more complex and allows for different levels of specialist expertise. The table 

also links to the ideas of Public Understanding of Science (PUS) and Public 

Engagement with Science (PES) mentioned already (Page 22). The levels of 

expertise move from fact-based “beer-mat knowledge” to the “Popular 

Understanding of Science” which involves a “deeper understanding of the 

meaning of the information” (p.20) and which Collins and Evans suggest is 

similar to goals of PUS. The next step is “Primary Source Knowledge” which 

involves reading of primary literature. The table then moves on to “Interactional 

expertise” which involves being able to understand and discuss scientific things 

but not being able to do scientific things. The highest level is “Contributory 

expertise” which will allow an individual to do an activity with competence 

(Collins and Evans, 2007, p.35) and requires working within that particular 

expert domain (Collins, 2013, p.254). All of these stages could involve some kind 

of free-choice learning, perhaps less so in the contributory level. Another link to 

free-choice learning is revealed in how interactional expertise is developed: 

“The transition to interactional expertise is accomplished, crucially, by engaging 

in conversation with the experts” (Collins and Evans, 2007, p.32). This hints that 

Public Engagement with Science is important, and this engagement is often 

facilitated by free-choice learning providers (see Page 221). 
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Cognitive Schema 

Falk, Dierking and Holland (1995, p.29) described cognitive schema as 

“developed by individuals, based on their own perceptions and experiences” and 

being “affected by our own motivations and interests.” They suggested that a 

museum or an exhibit can have an impact on or “increase the complexity of” a 

cognitive schema by: “reinforcement of information and/or relationships in a 

schema”; “new information or relationships added to a schema”; or “changes in 

the schema itself” (Falk, Dierking and Holland, 1995, p.29). The way in which 

exhibits/museums are expected to interact and increase the complexity of a 

cognitive schema are how we might expect interactions with working knowledge 

to occur. Reinforcing information in a schema is similar to retrieving working 

knowledge. New information or relationships being added to a schema is similar 

to the idea of using working knowledge to understand new information. Changes 

in the schema are similar to adjusting to working knowledge. The BodyWorks 

exhibits provide us with a tool to investigate this (see Chapter 4, Page 94). 

 

The way in which Falk, Dierking and Holland suggest that the development of 

cognitive schema is affected by our motivations and interests, fits with a model 

from social psychology called the cognitive miser model. The idea behind this 

model is that “people are limited in their capacity to process information, so 

they take shortcuts whenever they can” (Fiske and Taylor, 2010, p.13). This 

model has been related specifically to the communication of scientific ideas by 

Nisbet and Scheufele who suggest that traditional approaches to informing the 

public about science are ineffective and only reach “science enthusiasts” 

because “individuals are naturally cognitive misers” (Nisbet and Scheufele, 2009, 

p.1768). 

 

If the cognitive miser model is considered alongside free-choice learning it 

initially doesn’t apply. Free-choice learning always takes place because of a 

personal interest or a need and this motivation would prevent any shortcuts 

being taken. Indeed, “the cognitive miser model is silent on the issue of 

motivations or feelings of any sort, except rapid, adequate understanding” 

(Fiske and Taylor, 2010, p.13). However, some individuals may be more 

motivated than others, or have more time and resources than others. Those 
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short on time and skills may seek the shortcuts described in the model. 

Individuals may have the motivation but need to obtain and understand the 

information in a hurry. For example, as described by Miller (2010, p.201) as the 

“just-in-time world” where people engage with science and technology because 

of “a more immediate need to solve a problem or understand a contested issue.” 

 

One of the strategies suggested by Nisbet and Scheufele to overcome a cognitive 

miserly nature is to provide interest and/or motivation by framing the 

information being communicated so it becomes more personally relevant. If a 

better understanding of free-choice learning and working knowledge and their 

importance can be gained, any connection with the cognitive miser model, and 

how to deal with it, may be understood. 

 

Working knowledge is a relatively new term and although related to the 

concepts described above very little research has been carried out to investigate 

it specifically. The most notable being the study by Falk, Storksdieck and 

Dierking (2007). The BodyWorks exhibits provided an opportunity to explore 

working knowledge. The exhibits may be used as a tool to: find evidence of 

working knowledge; to gain a better understanding of working knowledge; and, 

to look at the effects the exhibits have on a person’s working knowledge. 

 

Working knowledge does seem to overarch all these similar concepts. By 

investigating working knowledge using the BodyWorks exhibits, the ideas could 

be added to or developed. All the terms outlined above correspond in some way 

to working knowledge (and free-choice learning) but there is another related 

term with a more extensive body of research, including models, definitions and 

methods of measurement. It is scientific literacy. 

 

SCIENTIFIC LITERACY 

The term “scientific literacy” has been around since the late 1950s (Laugksch, 

2000, p.72). Its introduction coincided with a time of rapid technological 

advances in the USA, when public support for science was needed for the space 

program. In addition it was felt that children needed to be well educated in 

science in order to prepare for an increasingly scientific and technological 

society (Laugksch, 2000, p.72). Since the term was introduced right up until 
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recently (for example, Feinstein, 2011) scientific literacy has been an important 

concept in both empirical and theoretical research in the area of public 

understanding of science. Falk, Storksdieck and Dierking (2007, p.457) confirmed 

this saying, “Considerable focus in the area of public understanding of science 

research and practice has revolved around the concept of science literacy.” 

 

WHAT IS SCIENTIFIC LITERACY? 

There are numerous definitions of scientific literacy and what it means to be 

scientifically literate. These definitions are strongly influenced by the purpose of 

who is making the definition: social scientists; scientists; informal educators; 

formal educators. Examples of definitions vary greatly and include:  

“knowing enough about science to be able to judge if the story that you are 
being told is being told in a fair and accurate way” (Brewer, 2008). 

 

“not only learning new things, but becoming more aware of and interested 
in science, developing a broad-based knowing and understanding about 
science and its relationships with society and ourselves. This comes close to 
the notion of scientific literacy... ” (Rennie and Williams, 2002, p. 707). 

 

“Scientific literacy is the ideal situation where people are aware of, 
interested and involved in, form opinions about, and seek to understand 
science” (Burns, O’Connor and Stocklmayer, p.190). 

 

“Might a truly literate citizen be one who, no matter what their scientific 
understandings, recognises the uniqueness of knowledge and respects an 
individual’s ability to contribute to those understandings?” (Stocklmayer, 
2005, p.18). 

 

“Scientific literacy should not be taken to mean the knowledge of a lot of 
science, but rather the understanding of how science really works” 
(Durant, 1994, p.83). 

 

In a useful and clear paper, Durant (1994) suggested that there are three kinds 

of definitions of scientific literacy: those based on scientific knowledge and 

facts; those concentrating on the nature of science, or “how science works”; 

and, a third approach to scientific literacy, which he described as “how science 

really works, and concentrates on the social system of science.” Durant 

concluded that, “We need to consider how a truer picture of science can be 

conveyed to a general public which has no direct experience of scientific 

research at all” (Durant, 1994, p.89). 
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So there is a lack of consensus on what scientific literacy is. Perhaps the most 

straightforward definition of scientific literacy is that it is knowing something 

about science. 

 

The lack of agreement on a definition of scientific literacy was emphasised by 

the publication of Shamos’ (1995) book titled “The Myth of Scientific Literacy.” 

Although Shamos was not completely dismissing the idea of scientific literacy, he 

did think that, “the notion of developing a significant scientific literacy in the 

general public” “is little more than a romantic idea” (Shamos, 1995, p.215). He 

did not think scientific literacy was a necessity for the general public, “one does 

not need to be literate in science to be successful in most enterprises or to lead 

the “good life” generally” (Shamos, 1995, p.98). 

 

His alternative to scientific literacy was what he calls “scientific awareness” and 

he provided guidance on how science should be introduced to students in formal 

education. Shamos’ three guiding principles for presenting science to the 

general student are: 

“Teach science mainly to develop appreciation and awareness of the 
enterprise that is, as a cultural imperative, and not primarily for content.” 
“To provide a central theme, focus on technology as a practical imperative 
for the individual’s personal health and safety, and on an awareness of 
both the natural and man-made environments.” 
“For developing social (civic) literacy, emphasise the proper use of 
scientific experts” (Shamos,1995, pp.87-89). 

 

These principles are in some ways similar to other ideas in scientific literacy. 

Rennie and Williams (2002) definition quoted earlier is of a similar notion as 

Shamos’ first principle. His third principle is not dissimilar in purpose to 

Brewer’s (2008) definition. Also, the civic literacy that Shamos referred to 

comes from a model of scientific literacy developed by Shen (1975), discussed 

later.   

 

The difference is that Shamos’ scientific awareness was in reference to school 

students hopefully taking their science awareness beyond compulsory education 

and as such isn’t completely relevant to free-choice learning or informal 

learning. Lucas’ (1983, p.1) idea of schools being responsible for providing skills 

for lifelong learning together with Shamos’ scientific awareness could maybe 
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offer a more rounded solution to having students become scientifically literate 

adults. This would allow the contribution of informal and free-choice learning to 

be included. 

 

As well as numerous definitions, many models of scientific literacy have been 

developed. Laugksch (2000) outlined those by: Shamos; Pella, O’Hearn and Gale; 

Showalter; Shen; Branscomb; Miller; Arons; and, others. Shen’s (1975) model is 

uncomplicated, contains many aspects of more complex models, and seems easy 

to apply to various contexts including free-choice learning. Shen defined 

scientific literacy as: 

 “an acquaintance with science, technology and medicine, popularised to 
various degrees, on the part of the general public and special sectors of the 
public through information on the mass media and education in and out of 
schools” (Shen, 1975, p.45-46).  
 

Shen believed the public would gain from becoming more scientifically literate 

as it would enable them to “take better advantage of science’s many benefits 

while avoiding its many pitfalls” (Shen, 1975, p.46). This is in contrast to 

Shamos’ view that the majority of the public do not need to be scientifically 

literate. 

 

Shen divided all the activities that fit his definition of scientific literacy into 

three categories: practical; civic; and cultural. Practical science literacy is “the 

possession of the kind of scientific knowledge that can be used to help solve 

practical problems” (Shen, 1975, p.46). Civic science literacy involves becoming 

more aware of scientific issues in order to “participate fully in the democratic 

processes of an increasingly technological society” (Shen, 1975, p.48). Finally, 

Shen described cultural science literacy as being “motivated by a desire to know 

something about science as a major human achievement”, “it is to science what 

art appreciation is to art” (Shen, 1975, p.49). 

 

One important definition of scientific literacy is that used by the OECD 

(Organization for Economic Cooperation and Development) in their PISA 

(Programme for International Student Assessment) survey. Its importance is that 

it draws on a number of other key definitions and models (including some 

discussed later in more detail, e.g. Bybee, 1997; Koballa et al., 1997;  
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see Chapter 6). For the purposes of PISA, scientific literacy refers to an 

individual’s: 

“- Scientific knowledge and use of that knowledge to identify questions, 
acquire new knowledge, explain scientific phenomena and draw evidence-
based conclusions about science-related issues. 
- Understanding of the characteristic features of science as a form of 
human knowledge and enquiry. 
- Awareness of how science and technology shape our material, intellectual 
and cultural environments. 
- Willingness to engage in science-related issues, and with the ideas of 
science, as a reflective citizen” (OECD, 2013, p.100). 

 

The OECD used this definition to develop a comprehensive test of scientific 

literacy for 15 year olds which assessed scientific competencies, knowledge and 

attitudes. Although the definition of scientific literacy developed by the OECD is 

clear, and the measure of scientific literacy comprehensive, it is limited because 

of its age specificity. More general, universal, not age specific, measures of 

scientific literacy are discussed below. 

 

IMPORTANCE OF SCIENTIFIC LITERACY 

Even though there is no consensus on what scientific literacy actually is, or what 

it means to be scientifically literate, it is generally agreed that it is a worthy 

educational goal. The reasons why scientific literacy is important, or why a 

scientifically literate public is important, were summarised by Laugksch (pp.84-

87) and included economic, political, cultural and personal aspects. 

Economically, a scientifically literate public could ensure a supply of future 

scientists, engineers and technically trained personnel to contribute to the 

economic well-being of a nation. Politically, a scientifically literate public could 

be more supportive of science and have increased confidence in science. There 

is a strong relationship between science and culture. It has been suggested that 

scientific discoveries can be enjoyed without being a practicing scientist, in the 

same way that music can be enjoyed as a listener without being a performer or a 

composer (Royal Society, 1985, p.10). On a personal level, being scientifically 

literate can lead to employment possibilities, improved personal decision-making 

and a better understanding of the norms and values of science. Shapiro (1994) 

added: 

“an understanding of the basic ideas of science is essential for anyone 
living in our world because we all make daily decisions that may enlighten 
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or burden society, depending on our ability to use information effectively” 
(Shapiro, 1994, p.xvi). 

 

This view fits with Shen’s (1975) thoughts on civic science literacy. 

 

Lewenstein (1992) summarised the distinct reasons for the importance of science 

literacy and the different goals of having a scientifically literate public: 

“Some of us want a public better able to judge between competing 
technical arguments on such issues as energy conservation, solid waste 
disposal, pesticide risk, and social welfare policy. Others of us want a 
public more capable of distinguishing between logic and trivia in debates 
about government budgets. Some of us want more young people, of all 
genders and races, to include science in their dreams about how they will 
spend their lives. And still others of us want mainly for the public to 
comprehend the beauty and intellectual challenge of the ideas that we 
believe are central to science” (Lewenstein, 1992, p.ix). 

 

It is clear that a scientifically literate public is an important objective. The 

different reasons given by Lewenstein go some way to explaining why there are 

so many different definitions and models of science literacy. However, all the 

goals outlined by Lewenstein, can be covered by Shen’s uncomplicated model. In 

addition, more recently, Kanasa and Nichols (2008) seemed to be stressing the 

importance of Shen’s civic literacy, and gave specific examples of science the 

public should be engaging with: 

“A certain level of scientific literacy is required if citizens are to be able to 
effectively engage in media and political discussions of the societal 
implications of new technologies demonstrated by the Human Genome 
Project, therapeutic cloning, GM crops and livestock, and stem cell 
research - all advances in biotechnology that will more than likely have a 
direct impact on the lives of all citizens” (Kanasa and Nichols, 2008, p.1). 

 

These reasons for the importance of scientific literacy are understandable, but 

does the idea of scientific literacy take working knowledge and free-choice 

learning into account? Most free-choice learning takes place because of a 

personal need or interest, individuals are not likely to take part in free-choice 

learning with the specific aim of supporting the economy or politics of a country. 

 

MEASUREMENT OF SCIENTIFIC LITERACY 

It follows that if a scientifically literate public is beneficial, it is then of interest 

to know how scientifically literate the public actually is. The numerous 
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definitions and models have meant that various techniques have been used to 

measure the different ideas of scientific literacy. A selection of these techniques 

is outlined below. 

 

Some measurements of scientific literacy are concerned with assessment in 

formal education. Although they refer to “scientific literacy” it is actually 

scientific knowledge that they appear to be measuring. One noticeable thing 

about the majority of articles is that although they are talking about “scientific 

literacy” they often do not define what they mean by the term or refer to a 

particular model of scientific literacy or research on scientific literacy. This 

suggests that the term could be being used inappropriately and that comparisons 

between studies are not possible as they mostly have different ideas of what 

scientific literacy is. This is to be expected, but by not defining what they are 

referring to when discussing “scientific literacy” it can be quite confusing. 

Where no definition or model is stated by the author, the research described 

below has been related back to Shen’s (1975) model for simplicity.  

 

Lucas (1983) used Shen’s (1975) model of scientific literacy as a framework to 

consider if various types of informal learning were contributing to, or improving, 

scientific literacy. Lucas remarked that literature about museums does not 

differentiate between Shen’s 3 types of scientific literacy. However, he believed 

that there are examples of exhibits that can be thought to contribute to civic 

and practical scientific literacy and “the typical display is at best a contribution 

to cultural scientific literacy” (Lucas, 1983, p.12). He added that most long-term 

exhibits are more likely to be contributing to cultural scientific literacy. “Civic 

and practical scientific literacy will require changing exhibitions as issues change 

and new techniques develop” (Lucas, 1983, p.13). 

 

It would be possible to use this framework to look at other exhibits and activities 

to determine which type of scientific literacy they could be improving, or 

contributing to. It may then be possible to assess if any contribution has actually 

been made. For example, are some of the BodyWorks exhibits trying to 

contribute to practical scientific literacy by giving participants information and 

skills by which to improve their health?  
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In terms of future research, Lucas (1983, p.11) suggested research aimed at 

appreciating what factors increase the understanding of material in a conceptual 

framework, how an adult’s background in science interacts with their viewing of 

exhibits and exhibitions. This could include the contribution of working 

knowledge. 

 

Klein et al. (2002) focused on evaluating formal education and the idea of using 

concept maps as an assessment technique. Although this is an interesting idea, it 

seemed to be measuring student’s understanding of specific topics rather than 

scientific literacy. However, concept maps might be a useful way of looking at 

what learning has taken place due to an exhibition such as BodyWorks or a 

science centre, or museum, visit. 

 

Medved and Oatley (2000) looked at how exhibits from a science centre were 

remembered by visitors. Although it is not based around a model of scientific 

literacy some results fit into Shen’s model. For example, the fact that some 

visitors reported a change in behaviour in response to the exhibit would suggest 

an effect on practical scientific literacy. 

 

In his study, Miller (1998) attempted to measure civic scientific literacy. 

However, the methods used may also be measuring aspects of practical scientific 

literacy. Miller suggests that civic scientific literacy should be conceptualised as 

involving 3 dimensions, previously proposed by Miller in a 1983 paper:  

“a vocabulary of basic scientific constructs sufficient to read competing 
views in a newspaper or magazine.” 
“an understanding of the process or nature of scientific inquiry.” 
“some level of understanding of the impact of science and technology on 
individuals and on society” (Miller, 1998, p.205). 

 

Although Miller has provided a useful tool for measuring civic scientific literacy, 

he was not looking at how it has been changed by a specific intervention (for 

example, a visit to a science centre). 

 

Cannon (1992) used “Hirsch’s Cultural Literacy: What every American needs to 

know” to compile a list of terms and phrases that could be considered a basis for 

general scientific literacy. By doing this Cannon seemed to be defining scientific 

literacy as what you need to know about science to get by in society. So Cannon 
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was not using a model of scientific literacy or looking at different types of 

scientific literacy. Knowing and/or understanding a list of science-related terms 

or phrases does not necessarily indicate an ability to use them in your everyday 

life. Cannon seemed to be measuring one of the dimensions of civic scientific 

literacy defined by Miller (1998, p.205), “a vocabulary of basic scientific 

constructs sufficient to read competing views in a newspaper or magazine.” 

 

A study by Shapiro (1994b) outlined an interesting case study in formal education 

following a student as she tries to understand the topic of light. Shapiro used 

stimulated video recall, observation and conversation to try to understand what 

was going on as this student was involved in classroom activities. Although this 

wasn’t looking at scientific literacy it gave an idea of the sort of detailed 

information that could be gathered from a case study.  

 

Champagne (1992) didn’t specifically define scientific literacy but did include 

the idea that: 

“an essential component of scientific literacy is an information base 
organised in a way that makes the information applicable to situations 
encountered in the workplace, and to civic responsibilities as well as to 
academic problems” (Champagne, 1992, p.844).  
 

She believed that testing of student achievement in science in formal education 

needs to include assessment of the ability to think about science in real-world 

contexts. Champagne recommended assessment that is “based on the 

assumption that knowledge is actively constructed by the child and varies from 

one context to another” (Champagne, 1992, p.847). This fits with working 

knowledge. 

 

Korpan (1994) outlined how to use a test that was designed for a specific 

research project. It focused on how people assess the credibility of brief media 

reports of medical studies. Participants were asked to read a news item and 

then list the information they would need or questions they would want 

answered about the item in order to evaluate it. The results of Korpan’s test 

should determine: 

“what people know about features of scientific research” 
“how, when, and whether people engage in evaluative thinking about these 
features when reading reports of scientific investigations” 
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“how these characteristics of knowledge and thinking vary as a function of 
age and schooling from adolescence through early adulthood” (Korpan, 
1994). 

 

Again, Korpan did not formally define scientific literacy but seems to be looking 

at Shen’s civic scientific literacy. Some of the skills used in evaluating news 

items could also fit into practical scientific literacy.  

 

Some studies have used previously conceived models in order to assess scientific 

literacy (Rubba and Andersen, 1978; Laugksch and Spargo, 1996). Rubba and 

Andersen’s research was based around Showalter’s (1974) seven dimension 

definition of scientific literacy. It aimed “to develop, field test and validate an 

instrument to assess secondary school students’ understanding of the nature of 

scientific knowledge” (Rubba and Andersen, 1978, p.450). This is the first 

dimension of Showalter’s model that has 9 factors, which states “the 

scientifically literate person understands the nature of scientific knowledge” 

(Rubba and Andersen, 1978, p.450). Rubba and Andersen consolidated the 9 

factors into 6 to produce “A Model of the Nature of Scientific Knowledge.” From 

this model an assessment was developed called the “Nature of Scientific 

Knowledge Scale.” This seems quite a complicated and incomplete way of 

looking at just one aspect of a model of scientific literacy.  

 

Laugksch and Spargo (1996) developed a test related closely to Miller’s three 

dimensions of scientific literacy. The test is based on the 1989 American 

Association for the Advancement of Science overview report on literacy goals in 

science, mathematics and technology, entitled “Science for all Americans”. The 

test, like Miller’s model, only seems to be referring to Shen’s civic scientific 

literacy but without mentioning anything similar to practical or cultural literacy. 

The authors believed that the tests,  

“may open numerous important research avenues such as, for example, 
whether scientifically literate citizens are able to make “better” decisions 
related to such issues as diet, health, consumer choices and the 
environment” (Laugksch and Spargo, 1996, p.137).  
 

This idea of future research relates to the BodyWorks exhibition. For example, 

do scientifically literate people engage differently with the exhibition? 
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The techniques described above show that the lack of a definitive definition or 

model of scientific literacy has led to a variety of things being measured to 

assess scientific literacy. Shen’s model, and the use of it as a framework by 

Lucas (1983), seems to be the most straightforward way of studying scientific 

literacy. The three categories of Shen’s model: Practical; Civic; and Cultural 

cover other definitions and ideas about scientific literacy including Shamos’ 

Scientific Awareness. 

 

SCIENTIFIC LITERACY, WORKING KNOWLEDGE AND FREE-CHOICE 
LEARNING 

In an issue of Daedalus devoted to scientific literacy, Graubard (1983) wrote,  

“the term “scientific literacy” lacks all precision, that there are no 
generally accepted criteria for determining what an individual needs to 
know to be called scientifically literate, or why it is vital (or even 
important) for great numbers of Americans to wish to achieve such 
literacy” (Graubard, 1983, p.231). 
 

He went on to question why anyone should bother worrying about scientific 

literacy when there is no agreement on what it is or how to measure it. However 

he suggested that its purpose may be to draw attention to the situation that 

nobody knows how to deal with and pointed out that there are “no other words 

will serve as well” (Graubard, 1983, p.233). It was later suggested that that 

particular edition of Daedalus “propelled the concept of scientific literacy to the 

forefront of American cultural and political discussions” (Turner, 2008, p.56). 

With so many definitions, models and measurements, it could be argued that 

scientific literacy research lacks focus and is wasting time, treading water, 

debating its own meaning. That “much current effort at the creation of a 

scientifically literate culture is well-meant, but misdirected” (Durant, 1994, 

p.84). However, there is a vast body of work based around this term. Despite the 

lack of consensus, the direction the research has taken and the conclusions it 

has made are without doubt of value. It could be useful to look at the research 

from a different perspective. Working knowledge could be seen as what free-

choice learning contributes to scientific literacy. Given their (suggested) 

importance, it could be useful to revisit scientific literacy research from the 

perspective of free-choice learning and working knowledge. This could perhaps 

go someway to solving the problem of a lack of consensus. 
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HEALTH LITERACY 

One of the most interesting things about Shen’s (1975) model of scientific 

literacy when considered in relation to the BodyWorks exhibition is that it 

provides a connection to the idea of health literacy. BodyWorks has obvious links 

to improving scientific literacy but the topics covered relate to the newer idea 

of health literacy too. The concepts of scientific literacy and health literacy 

overlap a great deal. In particular, a model of health literacy by Zarcadoolas, 

Pleasant and Greer (2003) is very similar to Shen’s (1975) model of scientific 

literacy. Shen’s model having the three domains: practical science literacy; civic 

science literacy; and, cultural science literacy. Zarcadoolas, Pleasant and 

Greer’s model having the four domains: fundamental literacy/numeracy; science 

and technology literacy; community/civic literacy; and, cultural literacy. 

 

Also, Frisch et al., (2012) included science/scientific literacy when looking at 

how other literacy domains can add to the defining and measuring of health 

literacy, referring to Shen, 1975; Durant, 1994; Laugksch, 2000; and Roth and 

Calabrese Barton (2004). However, for the most part, there is very little 

reference to either idea by those researching the other.  

 

WHAT IS HEALTH LITERACY? 

According to Selden et al. (2000, p.v), the term “health literacy” was first used 

in 1974 by Simonds in a paper titled “Health education as social history.” The 

concept of health literacy originally seems to have referred to functional 

literacy, which included basic skills of reading medicine labels, leaflets and 

making appointments. Fetter (1999, p.226) defined this as, “an individual’s 

ability to read and comprehend information essential to maintaining optimal 

health.” 

 

In 1998 Nutbeam redefined health literacy, changing its definition from: 

“Health literacy represents the cognitive and social skills which determine 
the motivation and ability of individuals to gain access to, understand and 
use information in ways which promote and maintain good health” 
(Nutbeam, 1998, p.357). 

 

to: 
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“Health literacy implies the achievement of a level of knowledge, personal 
skills and confidence to take action to improve personal and community 
health by changing personal lifestyles and living conditions. Thus, health 
literacy means more than being able to read pamphlets and make 
appointments. By improving people’s access to information, and their 
capacity to use it effectively, health literacy is critical to empowerment. 
Health literacy is itself dependent upon more general levels of literacy. 
Poor literacy can affect people’s health directly by limiting their personal, 
social and cultural development as well as hindering the development of 
health literacy” (Nutbeam, 1998, p.357). 

 

In 2000 Nutbeam took his definition of health literacy further and used research 

in literacy to work up a model of health literacy. This model has different levels 

of literacy that “progressively allow for greater autonomy and personal 

empowerment” (Nutbeam, 2000, p.264). These levels are: functional health 

literacy; interactive health literacy; and, critical health literacy. Tones (2002, 

p.289) seemed to disagree with Nutbeam’s model saying that there was, “little 

if any justification for extending the original formulation of health literacy and 

incorporating it in re-packaged versions of existing theoretical formulations.” 

 

The simplest description of health literacy is probably “the measure of an 

individual’s practical ability to make healthy decisions” (Zarcadoolas, Pleasant 

and Greer, 2006, p.244). Although this excludes useful detail on what the 

practical abilities might be. 

 

Zarcadoolas, Pleasant and Greer (2003) defined health literacy as: 

“the evolving skills and competencies needed to find, comprehend, 
evaluate and use health information and concepts to make educated 
choices, reduce health risks, and improve quality of life” (Zarcadoolas, 
Pleasant and Greer, 2003, p.119).  
 

They went on to suggest a model for studying health literacy that consisted of 

four “domains” (p.120): 

1 Fundamental literacy/numeracy 

2 Science and technology literacy 

This domain includes  “an understanding that scientific uncertainty is to be 

expected and that rapid change in the accepted science is possible.” This 

overlaps with some models of scientific literacy that deal with the expectations 

of science/nature of science 

3 Community/civic literacy 
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This includes knowledge about sources of information and agendas and how to 

interpret them so that individuals can become involved in dialogue and decision-

making. This seems to follow the same idea as Shen (1975). 

4 Cultural literacy 

 

Zarcadoolas, Pleasant and Greer (2003, p.120) also suggested that future 

research in health literacy should look at how “health communication and 

education, individual capabilities, and social processes interact to create health 

literate citizens” and “How health literacy develops and can be fostered.” The 

individual capacities could be related to working knowledge and health literacy 

could develop via free-choice learning. 

 

A further paper by Zarcadoolas, Pleasant and Greer in 2005 gave more detail on 

their model. It also contained the first significant reference in health literacy 

research to scientific literacy, saying: 

“Researchers focusing on the public understanding and engagement with 
science are also interested in the relationships between attitudes toward 
science, attentiveness to science, knowledge, and behavior...Researchers 
are continuing to develop models of science literacy—including domains 
such as cultural literacy, civic literacy and practical literacy—as well as 
further exploring the complex relationships between science and the public 
(Laugksch, 2000; von Grote and Dierkes, 2000; Pleasant et al., 2003)” 
(Zarcadoolas, Pleasant and Greer, 2005, p.196). 

 

Zarcadoolas, Pleasant and Greer’s (2006) description of scientific literacy fits 

best with the civic scientific literacy of Miller (1998) and the practical science 

literacy of Shen (1975): 

“Scientific literacy refers to the skills and abilities to understand and use 
science and technology, including some awareness of the process of 
science” (Zarcadoolas, Pleasant and Greer, 2006, p.56). 
 

Berkman, Davis and McCormack (2010) and Frisch et al., (2012) both provided a 

useful review of definitions of health literacy. Both sets of authors showed that 

the term has evolved from basic reading and writing skills to include more 

complex skills including decision making, communicating, assertiveness as well 

as attitudes and motivations.  However, “the lack of shared meaning for the 

central term in a field is obviously problematic” (Baker, 2006, p. 878). This was 

succinctly explained by Schulz and Nakamoto (2005, p.2), “Health literacy has 
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been variously interpreted to include a range of knowledge and skills exercised 

in a variety of settings.” 

 

THE IMPORTANCE OF HEALTH LITERACY 

As discussed previously (Page 46) there are reasons for wanting to improve 

scientific literacy. Similarly, there are reasons for wanting to improve health 

literacy. Of course, the reasons for the importance of health literacy depend on 

the definition that you are using. However, if at its simplest health literacy is 

being able to read, understand and act on health advice, then the following 

statistic highlighted its importance, “Over 300 studies have shown that health 

information cannot be understood by most of the people for whom it was 

intended” (Institute of Medicine, 2004). 

 

Looking more closely, problems associated with low health literacy have been 

reported as including; less knowledge of disease management and of health-

promoting behaviours; poorer health status; less likely to use preventive services 

(Institute of Medicine, 2004); less health knowledge; lower health status; higher 

utilisation of health services; higher health care costs (Weiss, 2005, p.23); 

improper use of medications; inappropriate use or no use of health services; 

poor self-management of chronic conditions; inadequate response in emergency 

situations; poor health outcomes; lack of self-efficacy and self-esteem; financial 

drain on individuals and society; and, social inequity (Zarcadoolas, Pleasant and 

Greer (2006, pp.1-2). 

 

The problems associated with poor health literacy demonstrate its importance. 

This is underlined by the reported benefits of good health literacy, which 

Zarcadoolas, Pleasant and Greer (2005 p.196) stated “impact the full range of 

life’s activities - home, work, society and culture.” These benefits reportedly 

include: clearer communication; better informed decisions; and, the delivery of 

quality health care services (Paasche-Orlow, Wilson and McCormack, 2010, p.7). 

 

Wills (2009) divided the benefits into clinical, political and educational concerns 

saying there is: 

“a clinical concern to produce ‘good patients’ who comply with health 
messages and access services appropriately; a political concern to produce 
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active citizens able to navigate health information, products, services and 
systems; or an educational concern to encourage informed decision 
making” (Wills, 2009, p. 4). 

 

On a practical level, Gray (2009, p.334) reported that higher health literacy is 

associated with a greater likelihood of eating at least five portions of fruit and 

vegetables a day or being a non-smoker. 

 

A report on health literacy by the Council on Scientific Affairs (American Medical 

Association, 1999) appears to be the first published work to outline the 

consequences of poor health literacy and also suggest future research in literacy 

screening, methods of health education, medical outcomes and economic costs, 

and understanding the causal pathway of how health literacy influences health. 

The relationship between poor health literacy and poor health outcomes is not 

understood. It may involve indirect factors such as poverty or working in 

hazardous jobs, as well as more direct links such as patients not looking after 

chronic medical conditions properly (American Medical Association, 1999, 

p.554). 

 

Indeed, if poor health literacy has been reported in those who have been 

hospitalised or those with a poorer health status, this may be because those with 

high health literacy are avoiding healthcare and not becoming a patient because 

of their good health. 

 

It seems the importance of health literacy is starting to be recognised. In 

Scotland the Scottish Government produced a health literacy scoping study in 

2009 and have now set up a National Health Literacy Group. In England, health 

literacy was a key component of the Department of Health’s health inequalities 

strategy (Gray, 2009, p.333). Also, Maastricht University hosted the European 

Health Literacy Study, which was carried out between 2009 and 2012. With the 

general objectives of this project including: to help “establish the issue of 

health literacy in Europe” and, to “discuss the overall social and political 

significance of health literacy” (The HLS-EU Consortium, 2012, p.2). More 

specifically the project set out to “generate first-time data on health literacy in 

European countries, providing indicators for national and EU monitoring” and to 

provide a “comparative assessment of health literacy in European countries” 



Chapter 2  58 
 
(The HLS-EU Consortium, 2012, p.2). These objectives indicate that health 

literacy is starting to be acknowledged as having importance and requiring 

research attention. 

 

MEASUREMENT OF HEALTH LITERACY 

Any estimate of health literacy is dependent on the corresponding definition of 

health literacy and how it is measured. There are as many ways of measuring 

health literacy as there are of defining it, including; The Test of Functional 

Health Literacy in Adults (TOFHLA) (Parker et al., 1995); the Rapid Estimate of 

Adult Literacy in Medicine (REALM) (Murphy et al., 1993); and, the Newest Vital 

Sign (Weiss et al., 2005). Measuring health literacy is important in order to 

evaluate programs and to estimate the problem of low health literacy. However, 

with limited resources available, it could be argued that it is more important to 

focus on improving health literacy than trying to measure it. 

 

As discussed with regards to scientific literacy, the lack of a definitive 

definition, or model, has meant that measurement has been difficult and/or 

flawed. Most tests of health literacy have utilised tests of basic literacy (or what 

would be termed Fundamental Health Literacy in Zarcadoolas’ 2003 model) and 

have therefore not produced a full assessment of health literacy. However, 

models do provide a useful framework for studying scientific and health literacy 

in specific situations. In particular, Lucas (1983) uses Shen’s model to review 

how informal learning (including in science centres and museums) is contributing 

to scientific literacy. Also, Zarcadoolas, Pleasant and Greer (2005) used their 

model of health literacy to analyse selected communications and official 

government informational efforts during the anthrax threat in the United States 

in 2001. It is possible that these models (or others) could be used as a framework 

to investigate the relationship between scientific and/or health literacy and the 

BodyWorks exhibition. 

 

DEVELOPMENT OF HEALTH LITERACY RESEARCH 

“Health literacy is a relatively recent focus of study and, as such, appears still to 

be in a developmental rather than a mature stage of analysis” (Schulz and 
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Nakamoto (2005, p.8). Health literacy research is wide and varied, it has many 

definitions and models:  

“Ironically, as the field of health literacy has expanded in scope and depth, 
the term “health literacy” itself has come to mean different things to 
various audiences and has become a source of confusion and debate” 
(Baker, 2006, p.878).  
 

Also, the papers referring to, or discussing, health literacy and its ideas may not 

be included in the main health or medical journals and may not even specify 

that they are discussing health literacy. Papers can appear in publications 

concerning: nursing; public health; health communications; marketing; literacy 

studies; cancer; psychology; gerontology; psychology; education; and more 

(Peerson and Saunders, 2009, p.286). 

 

In the US in June 2004, the participating Institutes, Centers and Offices of the 

National Institutes of Health (NIH) and the Agency for Healthcare Research and 

Quality (AHRQ) invited research grant applications on health literacy. The 

invitation stated: 

“Increased scientific knowledge of interventions that can strengthen health 
literacy and improve the positive health impacts of communications 
between healthcare and public health professionals (including dentists, 
healthcare delivery organizations, and public health entities), and 
consumer or patient audiences that vary in health literacy, is needed” 
(Department of Health and Human Services, 2004). 

 

Published research on health literacy has increased in subsequent years. 

However, the majority of research is from the USA. According to a study into 

research in the area of health literacy by Kondilis et al. (2008, p.1) health 

literacy was a research area that is “considerably neglected in the EU.” They 

found that European countries produced less than one third of health literacy 

research when compared to the U.S. 

 

Paasche-Orlow, Wilson and McCormack, (2010) again highlighted the increase in 

research in health literacy by looking at the number of references for “health 

literacy” as a topic, which showed that there was “tremendous growth of 

research in this field.” They stated that,  

“in the 5 years between 1986 and 1990 there are 129 references in 
Pubmed.” compared to “between 2006 and 6/6/2010, there are already 
1576 references returned” (Paasche-Orlow, Wilson and McCormack, 2010, 
p.6). 
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The development of the research may have come to a similar point as scientific 

literacy research, where there are many definitions and models, with confusion 

over what health literacy really means. Indeed, some researchers seem to be 

suggesting that health literacy itself is a term too many, and is perhaps a simply 

a combination of some older terms (Tones, 2002; Wills, 2009). 

 

The lack of consensus in health literacy research is similar to that of scientific 

literacy and so again, it could be worthwhile to revisit health literacy from the 

perspective of free choice learning and working knowledge. This fits with 

Zacadoolas, Pleasant and Greer’s (2003) proposal that:  

“Investigating how health communication and education, individual 
capacities, and social processes interact to create health literate citizens is 
exciting and important. Broadening the lens through which we investigate 
these complex abilities is the next step in learning how health literacy 
develops and can be fostered” (Zarcadoolas, Pleasant and Greer, 2003, 
p.120). 

 

HEALTH LITERACY, FREE-CHOICE LEARNING AND WORKING 
KNOWLEDGE 

There is very little discussion of free-choice learning and/or working knowledge 

in health literacy research, but they must have a relationship. Working 

knowledge must be part of health literacy, or have an influence on it, because it 

includes attitudes, beliefs, values, behaviours, knowledge and understanding. 

Specifically, we all have our own ideas of what good health is. Additionally, our 

own experiences, knowledge, values and feelings with regards to our health and 

the health of friends and family mean that health literacy is firmly based on 

working knowledge. Importantly, being health literate does not necessarily 

correspond with good health. I may know why and how smoking is bad for my 

health but continue to smoke regardless of my knowledge and understanding. In 

other words, values, attitudes and beliefs are also important. As Zarcadoolas, 

Pleasant and Greer (2005, p.195) stated, there is “a long and yet unfinished 

history of investigating how individual capabilities and social processes explain 

or predict health.” 

 

As health literacy is linked to working knowledge it would be useful to 

investigate its models and definitions from the perspective of working knowledge 



Chapter 2  61 
 
and free-choice learning. Also, the similarities between health literacy and 

scientific literacy should be looked at not least to look for areas of best practice 

that could be shared. These ideas seem to agree with Schulz and Nakamoto 

(2005) when they say: 

“there is a need to explore expanded visions, particularly a vision that 
highlights the ultimately subjective nature of a person’s interaction with 
health information” (Schulz and Nakamoto, 2005, p.8). 
 

This study can be part of this expanded vision by investigating health literacy 

ideas from the perspective of working knowledge and looking at what the fields 

of scientific literacy and health literacy can learn from each other. 

 

In summary, research in scientific literacy and health literacy show a similar lack 

of consensus. Again, it is of worth to revisit health literacy from the perspective 

of free-choice learning and working knowledge. The fields of health literacy and 

scientific literacy seem to have developed at different speeds and in different 

directions. Examining the evolution of the two terms with regards to their 

definitions and models may provide clues as to which direction the areas could 

now take as well as best practice that could be shared between the two areas. 

 

SUPPORT FOR RESEARCH 

One thing the fields of public understanding of science, scientific literacy and 

health literacy, have in common is that confusion reigns. There are clear 

overlaps between many of the ideas outlined above and perhaps work could be 

done to decide on the terminology and models to be used in the field. There is a 

need for some work to narrow down the terminology and models into a more 

cohesive field. This would allow research to be shared within and across these 

related fields.  

 

Bitgood, Serrell and Thompson (1994) agreed: 

“authors/speakers are reinventing ideas and proposing solutions they think 
are original, when they could be building on existing ideas and helping 
advance them further” (Bitgood, Serrell and Thompson, 1994, p.86).  
 

Bell et al. (2009) added: 

“There is an interdisciplinary community of scholars and educators who 
share an interest in developing coherent theory and practice of learning 
science in informal environments. However, more widely shared language, 
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values, assumptions, learning theories, and standards of evidence are 
needed to build a more cohesive and instructive body of knowledge and 
practice” (Bell et al., 2009, p.305). 

 

The ideas of working knowledge and free choice learning have some part to play 

in the different arenas, but there has not been enough work done to start to 

suggest what role they will perform. “Research on free-choice science learning is 

in its infancy, both directionally and theoretically” (Martin, 2001, p.187).  

 

It is important for free-choice learning settings/providers that the process of 

developing working knowledge is better understood. Falk, Storksdieck and 

Dierking (2007) proposed that more research is required to understand the 

public’s working knowledge of science: 

“the key to future success in public science education depends upon 
achieving a more accurate understanding of the where, when, how, why 
and with whom of the public’s science learning, across their lifespan and 
the myriad settings in which they learn science” (Falk, Storksdieck and 
Dierking, 2007, p.464). 

 

and: 

“future efforts to understand and support the public’s understanding of 
science will require approaches that take into account individual 
differences and the unique personal and context-specific nature of 
knowledge” (Falk, Storksdieck and Dierking, 2007, p.465). 

 

As far back as 1982 Falk was writing: 

“The more we understand about where, how, and why people learn 
science, the easier it will be to design educational materials for learning 
across the age- and life-span” (Falk, 1982, p.83).  

 
Hein underlined the importance he placed on understanding visitor experiences,  
 

“I believe that focusing on visitors, the meanings they attribute to their 
experiences, and their understandings, is the most useful way to develop 
exhibitions and programs that will allow visitors to have satisfying museum 
experiences and allow museums to maximise the inherent potential of 
objects to contribute to human growth and learning” (Hein, 1998, pp.12-
13). 

 

This view was supported by Leinhardt and Knutson who said: 

“In the last decade there has been a constant call for an expanded vision of 
museum learning, one that focuses on what visitors contribute to the 
process” (Leinhardt and Knutson, 2004, p.51). 
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More recently, Falk and Dierking (2010, p.489) again stated the importance of 

free-choice learning and how their research shows that “free-choice learning 

experiences represent the single greatest contributors to adult science 

knowledge.” However, they once more commented on the need for further 

research saying: 

“Insufficient data exist to conclusively demonstrate that free-choice 
science learning experiences currently contribute more to public 
understanding of science than in-school experiences, but a growing body of 
evidence points in that direction. There certainly are insufficient data to 
refute the claim that free-choice learning is vitally important” (Falk and 
Dierking, 2010, p.493). 

 

With regards to what is known about learning science outside of school, Martin 

(2004) also pointed out the need for more research:  

“When it comes to non-school contexts for learning science, less is known 
about how the instructional setting or people’s everyday experiences with 
nature affect their knowledge, understanding, and interest in fundamental 
ways” (Martin, 2004, S73). 
 

Falk and Dierking (2002) stressed the importance of free-choice learning as it is 

“the single most dominant form of learning” (p.6) and “the most common type 

of learning in which people engage” (p.9). They added that despite of its 

importance the fact that it occurs mostly “outside of the imposed structure and 

requirements of schools, universities, or workplaces makes it at once extremely 

interesting and chronically underrecognised” (Falk and Dierking, 2002, p.9). 

 

Hein (1998) explained the importance of understanding how visitors interact 

with museums: 

“In order for visitors to grow and learn from their museum experiences, we 
need to understand these experiences sufficiently so that we can shape 
them. We need to understand what meaning visitors make of their museum 
experiences”(Hein, 1998, p.2).  
 

He adds: 

“The need to consider what meaning visitors make of their museum 
experience comes from two different sources: the increasing importance of 
the educational role of museums; the increasing pressure on museums to 
justify their existence” (Hein, 1998, p.3). 
 

The fact that entrance to many museums in the UK is now free means that they 

are more accountable to the Government who subsidise the free admission. 

Other free-choice learning providers with entrance charges, such as Glasgow 
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Science Centre, must justify their activities to their funders. This was confirmed 

by Bitgood, Serrell and Thompson (1994, p.65) “Along with the greater 

availability of educational exhibits has come more emphasis on accountability 

and evaluation.” Frankel (2001) believed that research done in free-choice 

learning environments could help free-choice learning make a stronger case to 

the public policy community.  

 

Previously the impact of free-choice learning providers has been measured 

using, among other techniques, Generic Learning Outcomes (GLOs). GLOs take 

into account learning theory that recognises that learning includes change and 

development in emotions, skills, behaviour, attitudes and values (Research 

Centre for Museums and Galleries, 2003). Looking at changes to working 

knowledge may provide an alternative measure of impact. 

 

Furthermore, Feher and Diamond (1990, p.28) stated additional outcomes of 

doing research in science centres and museums, “research activity fosters the 

cross-fertilisation of ideas and the involvement of professionals from other 

disciplines in museum activities.” Also, research “enhances the intellectual 

stature of science museums and their role as centres for innovation” (Feher and 

Diamond, 1990, p.28). 

 

Falk and Storksdieck (2005) emphasised the importance of doing research into 

learning in science museums saying: 

“Few activities will be more important to 21st century free-choice science 
education institutions in general and science museums in particular than 
meaningfully understanding the learning they facilitate” (Falk and 
Storksdieck, 2005, p.745). 

 

Bell et al. (2009) added that although it is important to study the impact of 

science learning in informal environments it may be even more important to look 

at how science learning occurs across a range of environments (formal and 

informal). They proposed that more research should look at learner’s “cross-

cutting experiences” as current work is divided (formal and informal) in ways 

that “are at odds with how people routinely traverse settings and engage in 

learning activities” (Bell et al., 2009, p.312). Muscat (2001, p.202) discussed the 

need to “quantify the affective and cognitive impact of free-choice models of 

educational practice and conduct research that examines learning in a broader 
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Appendix 3 – Plain Language Statement 
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Appendix 4- Example of a coded interview transcription 

  Working 
Knowledge 

Free-Choice 
Learning 

Free-Choice Learning 
details 

Increase in 
Complexity of WK 

RESEARCHER Just about these 
exhibits. Did you 
find any of them 
more interesting 
than the others or 
did one of them 
stand out for you 
as being 
particularly 
interesting? 

    

SUBJECT Well I would have 
to say the blocked 
arteries one. I was 
surprised at how 
hard it was to 
pump because it 
was slightly 
thinner I would 
have to say. And 
em, I’ve not tried 
the reaction one 
but yeah I would 
say the blocked 
artery one 
probably got my 
attention the 
most. 

Understanding   Add 

RESEARCHER Yeah, and have 
you seen anything 
about, or can you 
remember where 
you’ve seen things 
about blocked 
arteries before or 
any information 
you’ve seen maybe 
on the TV or in the 
news or anything 

    

SUBJECT I probably haven’t 
paid attention an 
awful lot but a 
friend of mine had 
a heart attack 
recently and he’s 
stopped smoking 
and I think that’s 
maybe why I paid 
attention to that 
one 

Understanding Why 
With whom 

Someone’s health 
Friend 

Reinforcement 

RESEARCHER Absolutely, yeah. 
Well tell me what 
you know then 
about blocked 
arteries 

    

SUBJECT Well I just thought 
smoking can block 
your arteries and 
then obviously 
that causes heart 
attacks and 
strokes and things 

Understanding   Reinforcement 

RESEARCHER That’s right yeah. 
And the one 
beside that then, 
the Heart beat 
drum, did you 
have a go at that? 
Did it work for 
you? 

    

SUBJECT My son had a shot 
at that but he’s 

Perception 
Understanding 

  Reinforcement 
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probably a lot 
fitter than me and 
it speeded up a 
little bit but not 
hugely. But I 
would if I did it it 
would speed up 
quite a bit 

RESEARCHER So overall..     
SUBJECT I thought it was 

good, I thought it 
was really 
interesting all of it 
was interesting 

    

RESEARCHER And with the Heart 
beat drum can you 
think of anywhere 
where maybe 
you’ve heard 
something the 
hear beat or heart 
rate or anything 
like that before? 

    

SUBJECT Em, well I think 
probably at the 
gym for sort of fat 
burning is your 
heart not to be a 
certain, in 
between a certain 
range for burning 
fat and getting 
fitter 

Understanding Where 
Why 

Gym 
Leisure 

Reinforcement 

RESEARCHER Yeah, that rings a 
bell to me 

    

SUBJECT So that’s probably 
as much as I know 
I’m afraid 

    

RESEARCHER That’s great.     
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Appendix 5 – Comment Card 
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Appendix 6 - Information given to staff with regards to diary 
keeping 

Outline of project 
This project aims to look at the relationships that participants make between their own working 
knowledge and the BodyWorks exhibition. 
Working knowledge is “knowledge that has been generated by the learner’s own interests and 
needs” Falk et al. (2007). Working knowledge is not only facts but also understandings, 
perceptions and values gained through free-choice learning.  
Free-choice learning is “learning that individuals engage in throughout their lives when they 
have the opportunity to choose what, where, when and with whom to learn” Falk et al. (2007). 
 
This project will look at how individuals construct knowledge by adding experiences, learning, 
opinions, etc from different sources together. It will also gather information on what sources the 
public uses to find information, or learn, about science (including health). 
 
 
Pilot Study 
A small pilot study has shown that it is possible to bring out in conversation details of individual’s 
working knowledge in relation to the exhibits as well as evidence of free-choice learning and 
resources used to acquire knowledge. 
 
 
Methods 
Unstructured interviews 
Staff diary notes 
The aim of these methods is to obtain a more accurate representation of a mental model by 
using different methods for participants to communicate that mental model. 
 
 

Information inside diary 
 

 
 
 
INFORMATION TO RECORD 
 
 
Date             Location                       Time 
 
 
 
School/Public            Comments on event 
 
 
 
Questions/Conversations/Comments 
Who? What? Why? Particular exhibit? 
 
 
 
 
Thank you for your help. 
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Appendix 7 - Example of diary entry and subsequent 
transcribed staff interview 

 
Diary Pages 
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Transcribed Interview 
 
STAFF D So, went to ******* Primary School on the 17th May and so we were 

seeing primary 1 to primary 3. We did a Journey through my body 
show in the morning followed by exhibits sessions when they 
came back. So for the Reaction Timer I was talking to a primary 1 
boy and I often find when they’re that young, you know, they 
struggle in many ways to use the exhibit. So a lot of our focus is 
to get them to work it properly and it’s difficult to think about 
abstract things. But this boy said you know it’s just like the 
whack a mole game. so he immediately related that game to 
something else he’d seen. And that was actually before we, 
before they were let loose, I was trying to, I take them round and 
explain how to use the exhibits, and that boy just shouted out, 
but I think that actually made it easy for everyone else, they all 
immediately got it 

INTERVIEWER Its funny, cos adults have said its just like whack a mole as well 
STAFF D I was kind of pleased because he was so young. 
INTERVIEWER No that’s really good. 
STAFF D Em, for Flex the muscle, a primary 1 girl, I think I maybe asked, 

you know, what do you think this metal thing is, cos its quite an 
abstract picture. She said it looks like an elephant, so I explained 
that it was an arm, and then she said it looks like a weightlifter 
and her uncle is a weightlifter and he has big muscles. 

INTERVIEWER OK 
STAFF D For Arm endurance, a primary 3 boy just shouted out really loud, 

its gonna blow, eh, cos he thought it was like a bomb 
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INTERVIEWER Right 
STAFF D I don’t know, I don’t know how, if the timer was running at the 

time or, cos the timer doesn’t actually run unless you are holding 
the rope 

INTERVIEWER OK 
STAFF D OK so that was all from the same school, from a different school, 

************ primary school on 18th May, the exhibits were for 
primary 4 to primary 7. So the Balance board reminded a primary 
5 girl of surfing. So she was thinking about that on that exhibit. 
For Blocked and normal arteries, a primary 5 boy was talking 
about heart attacks and strokes and then in a film he saw a man 
use to electric plates to prevent a heart attack. So he was 
thinking about a thing, which doesn’t prevent heart attacks but 
you know. But he was certainly thinking about other things in 
medicine and things he’d seen on TV. Which I wonder if I was 
discussing what happens when arteries get blocked or if he just 
came to that conclusion 

INTERVIEWER Thinking himself, yeah, its hard to know 
STAFF D Its always slightly morbid if they start relating it to their family or 

something. 
INTERVIEWER I suppose he could just be thinking, arteries, heart, heart attack 
STAFF D Yeah, yeah. In the same class, a primary 6 girl said that her gran 

had to get her leg amputated because of blocked arteries and she 
smoked and had diabetes. 

INTERVIEWER So if she’s linked all that together, it’s pretty smart. 
STAFF D Yeah, quite a morbid class, I didn’t like that. Em, so a different 

school again, Lauder primary school, on the 19th May it was 
primary 5 to primary 7. Eh, with Balance board, the exact same, 
a primary 5 girl said its just like surfing 

INTERVIEWER OK Where is ******? Is it 
STAFF D That’s actually quite close to *********** 
INTERVIEWER Yeah, I was thinking it must be an East coast thing, surfing 
STAFF D Yeah, cos that was the same, we stayed over in that area. I must 

have had déjà vu at the time but not really. Em so Mindball, a 
primary 5 boy was looking at the graph created by the electrical 
signal and said that its jus like how you measure earthquakes, by 
measuring tiny changes. So he looked at the graph and thought 
that it reminded him of the earthquake thing 

INTERVIEWER That’s good 
STAFF D Then, I can’t pronounce this ********, I want to say, primary school 

but that was the 25th May primary 1 to primary 4. With the Torso 
exhibit a primary 3 boy said, he should be really good at it 
because his dad is a doctor. 

INTERVIEWER OK, that’s great 
STAFF D And that’s my comments for that period 
INTERVIEWER Very good 
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Appendix 8 – BodyWorks development paperwork 

GSK Outreach Programme PID v11.doc 
 

 
 
GSK Exhibit Development.doc 
 
GSK outreach exhibition 

 
 
Exhibit description 
This is an outreach exhibition on the subject of Life and Health.  The exhibition 
is primarily aimed at late primary and early secondary school pupils, 
approximately 9 to 14 years. However, there will be a few exhibits that are 
targeted specifically at early years and these will not be taken out to older 
children.  These few exhibits will be combined with some of the other exhibits 
to be used for early years groups.  The interpretation on the exhibits taken out 
to early years groups will be changed to reflect their skills and level of 
understanding.    
 
The exhibition will cover the topic of life and health with the emphasis being on 
sport and health.  The exhibition should aim to inform the visitors about their 
bodies and what they can do to be fitter and healthier.  The exhibition will 
cover the topics of: 
Anatomy – anatomy of the human body will be covered from a health and fitness 
aspect.  This will include organs, muscles, bones, joints, ligaments and tendons. 
 
You and your body – looking at body comparisons between visitors: what can 
your body do?  This is in terms of health and fitness, such as flexibility, reach 
and grip strength tests. 
 
Health and healthy living – looking at lifestyle factors affecting health, such as, 
smoking, diet, fitness and perhaps alcohol. 
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Sport and fitness – looking at different sports and means of getting fit and their 
affect on the body, such as cardiovascular system, muscles strength, training 
and fitness. 
 
The exhibition could be developed as a full package or project to cover A 
Curriculum for Excellence for science. The exhibition and shows and workshops, 
combined with pre and post visit materials could be developed to tie in with the 
curriculum.  When a school signs up for the outreach exhibition, they can use 
the toolkit to take their class through the necessary modules relating to Life and 
Health for a specific age group (in this case 9 to 14) based on the requirements 
on the curriculum. 
 
How does it work? 
The exhibits will be portable and easily manoeuvred so that 2 staff can set up 
the exhibition in a very short time.  
 
The text panels will be designed to be easily interchangeable to allow different 
interpretation for different audiences. 
 
Perhaps some of the exhibits that requires visitors to test themselves, i.e. blood 
pressure, and then try some physical exercise and re-test, a timer of some 
description could be included. Perhaps an egg timer to allow the visitor to 
exercise for 30 seconds to a minute and then try the exhibit again to see if there 
is a difference. 
 
Evaluation 
 
Signage 
There will be two lots of signage: one lot for the main target audience, and one 
for early years.  Not all of the exhibits will be interpreted for early years, only 
those that are suitable for the age group. 
 
References 
 
GLO’s 
Knowledge and understanding – the visitor will gain an understanding of their 
body and how it works.  They will learn the reasons why it is good to maintain a 
healthy lifestyle. The visitor will make sense of why it is good to keep fit, eat 
healthily, not smoke etc, and make links between bad lifestyle and ill health, 
weight gain, ageing etc. 
Skills – visitors will learn physical skills, by showing them how to improve grip 
strength etc. 
Attitudes and values – the exhibition may change visitors’ opinions about health 
and healthy living: they may change their mind about smoking, eating fatty 
foods, not exercising etc. 
Enjoyment, inspiration and creativity - this exhibition will be fun and potentially 
inspiring. 
 
Development history 
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The exhibits are going to be developed by an exhibition builder.  Many of the 
exhibits will be standard, exhibits that already exist, with a few original 
exhibits. 
 
Last updated 
9 September 2008 
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