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Abstract
Attitudes to nanotechnology are widely studied and are changing fast. An experiment comparing
young peoples’ attitudes to nanomedicine and conventional treatment was conducted on 434
undergraduate students. They answered a number of questions about a hypothetical arthritis sufferer
who was to be treated with a drug or a newly invented nanomedical technique, and requiring either one
treatment or several. They were more influenced by the difference between one-shot and repeated
treatments than by any difference between drug- and nanodelivery. Furthermore the two treatments
that seemed most negative to participants were a drug that had to be administered repeatedly, or a
nanosystem that was needed only once. Participants preferred the thought of a drug that only had to be
taken once, or else a nanosystem so gentle and progressive that it only took its full effect after several
administrations. There was a consistent gender difference, with male participants taking a more
positive view of the risks, benefits and achievements involved in the various treatments than the female
participants.
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Introduction

Nanotechnology is a fast developing, interdisciplinary field that may have enormous impacts

on the life of future generations. Public opinion of the risks and benefits will have con-

siderable bearing on research and development. For some ‘‘[n]anotech looks set to become

the next big showdown between science and society’’ (ESRC Social Science Week 2004).

This concern, expressed during a ‘Social Science Week’ organised by the UK’s Economic

and Social Research Council (ESRC) in 2004, was echoed in the Royal Society/Royal

Academy of Engineering report on nanoscience published the same year (Royal Society/

Royal Academy of Engineering Report 2004). It emphasised the need to take account of

potential public resistance to this new technology, which might be similar to public

resistance in the UK to genetically modified food, for example. As young people are the

members of present-day ‘society’ and will be ‘the experts’ and/or ‘the public’ of the future, it

seems appropriate to explore how they see this so-called showdown between science and society
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and whether their views coincide or not with those of adults who are developing not only

nanotechnology, but also the rules and frameworks that will regulate it. Both will affect

future generations.

In recent years, the UK’s Economic and Social Research Council has funded three studies

into the social and economic impact of nanotechnology (and US funding agencies have

funded many more). They, and the Royal Society report, stress that public support is

essential in making this new technology socially and economically viable. However, none of

the reports and projects dealing with public attitudes in the UK/Europe (BMRB Social

Research 2004, Gaskell et al. 2004, 2005) and the US (Bainbridge 2002, 2004, Cobb and

Macoubrie 2004, Neresini 2006) mention young people’s understanding of this new

technology. Many activities and initiatives are directed at children, to engage, inform or

enthuse them about nanotechnology, but children’s and young people’s own knowledge and

attitudes are rarely studied. If policy makers want to achieve sustainable public engage-

ment with nanotechnology, future generations should be involved in, or at least be

acknowledged in, debates about its risks and benefits from the start, and their views should

be taken into account. This is especially important as young peoples’ attitudes to

nanoscience and nanotechnology might differ from those of adults, given their familiarity

with a fictional world of games, toys and books in which nanoscale phenomena are quite

common.

This article investigates how young people, in our case undergraduate students, might

view certain advances in one field of nanotechnology, namely nanomedicine. It builds on

similar work done with school children (Nerlich et al. in press). Results of the two studies

will be compared.

Methods and conceptual framework

This study contributes to the field of Science and Technology Studies (STS), which examines

how social, political and cultural values might affect scientific research and technological

innovation; and how these in turn might affect society, politics, science and culture. More

recently a new subfield has emerged, namely nanoScience and Technology Studies or nSTS,

which, according to the website where it was first proposed, deals with societal, episte-

mological and ethical dimensions of nanotechnologies (see nanoScience & Technology

Studies at the University of South Carolina: http://nsts.nano.sc.edu/.) The methods used by

STS, in general, and nSTS, in particular, are derived from those used in the sociology of

science, and the arts and humanities: mainly surveys, focus group studies, semi-

structured interview studies and media analysis. Experimental methods are rarely employed

in STS.

The study presented here examines young people’s perceptions of one aspect of

nanomedicine using a ‘vignette’ technique. Vignettes have long been used to study attitudes,

perceptions, beliefs and norms in social science, especially in social psychology. They are

brief descriptions of hypothetical situations about which participants are asked to express

judgements, beliefs or feelings. Often they are presented as narratives, but they can be

formatted as letters, forms or other documents, and can incorporate other media, such as

pictures, music or voice recordings. They have been used in both qualitative and

quantitative research designs. They have striking advantages for the experimenter.

Circumstances can be portrayed which would be difficult — or perhaps unethical — to

create in reality for research purposes. Different versions can be given to different groups of

participants to examine the effect of key features, without the participants being aware of the

contrasts in question. Moreover they allow for ‘perfect experimental control’ between

160 B. Nerlich et al.
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conditions, as all other aspects of the vignettes can be absolutely identical, apart from those

being deliberately varied and compared. For this study we have used vignettes in a

quantitative experimental design. We chose a medical example as nanomedicine is one of

the most promising fields in nanoscience and because similar techniques can be imagined

for traditional and ‘nanotechnological’ therapeutic interventions and can therefore be used

contrastively. Additionally, medical subjects are allocated more space by the media than any

other branch of science (Hansen and Dickinson 1992) and research suggests that the public

are more interested in medical science than any other topic related to technology or science

(Durant et al. 1989). Thus, the medical manifestation of nanotechnology is the most likely

area of which young people will have knowledge and awareness.

Nanotechnology, nanomedicine and nanodrugs

Nanotechnology involves studying and working with matter on an ultra-small scale: one

nanometre is one-millionth of a millimetre, and a single human hair is around 80,000

nanometres in width. It describes the creation and utilisation of functional materials, devices

and systems with novel functions which might lead to improvements in, among other things,

microelectronics, energy technology (part of what some call ‘dry’ nanotechnology) and

biomedicine (part of what some call ‘wet’ nanotechnology). Nanomedicine is one branch of

this fast developing field. A journal specially devoted to nanomedicine has recently been

launched, Nanomedicine: Nanotechnology, Biology and Medicine (Nanomedicine), and it

publishes articles on basic nanomedicine, diagnostic nanomedicine, experimental nanome-

dicine, clinical nanomedicine, engineering nanomedicine and pharmacological nanomedi-

cine. It is the official publication of the newly created American Academy of Nanomedicine

(AANM).

A recent publication by the European Science Foundation defines the field of nanomedicine

as ‘The science and technology of diagnosing, treating and preventing disease and traumatic

injury, of relieving pain, and of preserving and improving human health, using molecular

tools and molecular knowledge of the human body’ (ESF Forward Look on Nanomedicine

2005: 7). It sees the aim of nanomedicine as ‘the comprehensive monitoring, control, con-

struction, repair, defence and improvement of all human biological systems, working from

the molecular level using engineered devices and nanostructures, ultimately to achieve

medical benefit’.

More significantly perhaps for public perception, nanomedicine has now got its own entry

on Wikipedia and the June issue of National Geographic, read at the time of writing this

article, featured advances in nanomedicine. Wikipedia is a popular open-access encyclo-

paedia used increasingly by young people to gain access to topics of interest. On

nanomedicine Wikipedia writes (June, 2006):

Nanomedicine is the medical application of nanotechnology and related research.

It covers areas such as nanoparticle drug delivery and possible future applications of

molecular nanotechnology (MNT) and nanovaccinology.

Current problems for nanomedicine involve understanding the issues related to toxicity

and environmental impact of nanoscale materials.

[. . .] In April 2006, the journal Nature Materials estimated that 130 nanotech-based

drugs and delivery systems were being developed worldwide.

(Nanomedicine 2006)

Young adult’s perception of advances in nanomedicine 161
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Nanorobots have been the most speculative but also the most visible and spectacular face

of nanomedicine and their impact on public imagination has been explored elsewhere

(Nerlich 2005). Their potential is envisioned as lying mostly within the field of drug

delivery. However, on a more realistic level, there are already various nanomedicines

or nanodrugs in routine clinical use and clinical development, as listed in the European

Science Report on nanomedicine cited earlier (ESF Forward look on Nanomedicine

2005: 45). Most seem to target various forms of cancer, but one, PEG-antiTNF

Fab CDP870, for example, is designed to deal with Rheumatoid arthritis and Crohn’s

disease.

Cancer treatment seems to be at the forefront of the more realistic end of nanomedicine,

as featured extensively in the first two issues of Nanomedicine: Nanotechnology, Biology and

Medicine. Less well known is the application of nanotechnology in regenerative medicine,

but here too, efforts are being made on various fronts. This field is linked to other

widely debated advances in science and technology, namely stem cell therapy and tissue

engineering.

The vignette study

Participants

There were 434 participants, who were all undergraduate university students at the

University of Nottingham in the East Midlands of England. The sample consisted of three

main groups, one of law students (N¼ 179), one of medical students (N¼ 167) and one of

psychology students (N¼ 69), plus a few students from various other disciplines attending

the same lectures (N¼ 19). There were 153 males, 266 females and 15 participants who did

not give their gender.

Procedure

Testing was carried out in three lectures attended by the main groups of participants, during

late 2005 and early 2006. Each student was given the brief one-page questionnaire shown in

the appendix. This consisted of a brief story or ‘vignette’, presenting the case of a 63-year-

old woman needing treatment for a case of ‘crippling arthritis’, followed by 10 seven-point

Likert-style rating scales, on which the story was judged for such things as the likely efficacy

of treatment, and the probability of side-effects. Participants were assured that all results

would be reported anonymously, and that there were no correct answers — their own

opinions were the point to of interest. We had initially intended to use the example of cancer

in our previous vignette study using children as participants (see Nerlich et al. in press), but

then decided that a large number of children might know a relative or friend with cancer and

be affected negatively by reading the story. We therefore chose arthritis, as children, and in

this case young adults, might be less distressed if they had encountered this condition in

their families. To keep the studies comparable we stayed with this choice of illness for this

study.

Unknown to the participants, there were four slightly different versions of the story

distributed at random among the questionnaires as they were given out. The treatment was

said to be delivered by either (a) ‘a special new drug’, or (b) a ‘a newly invented molecular-

scale nanoparticle’; while in another part of the story, it was said either that (a) the patient

‘would only have to take one of these pills to change her body in a way that gave her

lasting relief’, or that (b) ‘One of these pills would have to be taken every day for a number of

162 B. Nerlich et al.
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months or years to give lasting relief’. The use of the prefix ‘nano’ was deliberately vague

and unexplained as the point of the experiment was to see whether in its most general

form this concept arouses feelings of concern, excitement, pessimism or optimism.

The rating scales, and all other aspects of the case, were the same for all participants.

The point of the study was to see how the variations in the case descriptions affected the

judgements the participants made. All four combinations of these features appeared

with approximately equal frequency, and for the sake of brevity they will henceforth be

called the ‘drug once’, ‘drug many’, ‘nano once’ and ‘nano many’ conditions of the

experiment.

Results

Missing values

A few ratings (19, 0.44%) were missing when the questionnaires were returned, and these

values were replaced by the overall mean of the ratings obtained for the variables in question.

The ratings on each seven-point scales were treated as equal interval measurements in the

analyses that follow.

Correlations between scales

First, the ten scales were correlated with each other to see if there was any appreciable

redundancy (Table I). Correlation coefficients can range from 71.0 to þ1.0 in principle,

Table I. Correlations between rating scales

Scale 1 2 3 4 5 6 7 8 9 10

1 Mrs Johnson should accept

this treatment

–

2 The treatment is likely to work 0.51** –

3 The treatment will probably

have side effects

–

4 Mrs Johnson will be worried

about this form of treatment

0.25** –

5 The treatment will be too

expensive for general use

0.30** 0.28** –

6 Other conditions will soon

be treated in this way

0.25** 0.33** 0.15* –

7 This is an exciting break-

through in medical science

0.32** 0.25** 0.19** 0.32** –

8 This approach is more

dangerous than good

70.18** 70.15* 0.13* 0.20** 0.25** –

9 The researchers who

invented this treatment

are to be admired

0.37** 0.32** 0.14* 0.34** 0.51** –

10 I would like to learn more

about this new field of

medical research

0.16** 0.18** 0.25** 0.23** –

*p5 0.01.

**p5 0.001, 432 degrees of freedom in all cases.

Young adult’s perception of advances in nanomedicine 163
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and they show the extent to which two variables rise and fall together. So a correlation

of 1.0 would mean the highest values for one variable were given by the people who

gave the highest value to the other, in perfect correspondence; whereas a correlation of

71.0 would mean the highest values for one variable were given by the people who gave

the lowest value to the other. In practice, intermediate values are much more common,

showing some tendency for high values in one variable to go with high (or low) values in

another.

By common convention, any two measures that share more than 30% of their variance

(that is they have a positive or negative correlation of greater than 0.55) can be regarded

as measures of the same underlying variable, and can sometimes profitably be com-

bined. No pair of variables met this criterion. However, some of the correlations were

significant, which casts some light on the judgments made by participants, see Table 1.

(Correlations are symmetrical, so the upper part of the table, which is left blank, would

simply repeat the values in the lower half.)

Analysis of variance

Next, the results for each scale were treated to a 262 (mode6frequency of delivery)

ANOVA. Differences in rating as a function of participants’ gender were also examined. The

scales that showed significant effects will now be considered in turn. No correction was

applied for the number of tests performed, so significance levels should be interpreted with a

degree of caution.

Mrs Johnson should accept this treatment. Surprisingly this was not affected by either mode or

frequency of delivery. However, gender had an effect, with male participants being more

favourable to the treatments, F(1, 415)¼ 12.28, p5 0.001. As this was the most crucial

measure overall, and the result seemed somewhat paradoxical, it was decided to ‘drill down’

to a further level of detail to examine any possible effects of the participants’ three academic

disciplines, so a 26263 (mode6frequency of delivery6discipline) ANOVA was per-

formed (Figures 1 and 2). This analysis showed a trend towards participants recommending

Figure 1. Mrs Johnson should accept this treatment (one administration).

164 B. Nerlich et al.
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a one-shot treatment more strongly than repeated treatments, F(1, 27)¼ 3.71, p5 0.07, and

there was an interaction between the one/many and drug/nano variables, F(1, 5)¼ 7.25,

p5 0.05.

The three disciplines, although appearing to differ, did not do so significantly in this

analysis. However, the three-way interaction seemed to be masking a simpler contrast

between disciplines. When analysed by disciplines and drug vs nano alone, the medical

students came out the least optimistic about the possible treatments, F(2, 2)¼ 38.44,

p5 0.025.

Figure 2. Mrs Johnson should accept this treatment (many administrations).

Figure 3. Mrs Johnson will be worried about this form of treatment.

Young adult’s perception of advances in nanomedicine 165
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Mrs Johnson will be worried about this form of treatment. Here there was an interaction

between the drug/nano and one/many variables, F(1, 430)¼ 5.42, p5 0.05 (Figure 4). The

most worrying treatments were either many administrations of drugs, or a one-shot treatment

with nanoparticles. One drug treatment, or repeated administrations of nanoparticles were

less worrying. Interestingly, the interaction effect is so strong that multiple administrations of

a drug is the most worrying of all four possibilities, whereas multiple administrations of

nanoparticles is, by a considerable margin, the least worrying.

The treatment will be too expensive for general use. Nanotreatments were seen as more

expensive, F(1, 430)¼ 5.67, p5 0.05.

Other conditions will soon be treated in this way. Male students were more optimistic about

the prospects than female students, F(1, 415)¼ 14.25, p5 0.001.

This is an exciting breakthrough in medical science. Students were excited by the prospect of

one-shot treatments, but not by any differences between drug- and nanodelivery, F(1,

430)¼ 5.07, p5 0.05.

This approach is more dangerous than good. Again there was a gender difference, with the

males taking a more confident line than the females, F(1, 415)¼ 7.05, p5 0.01. The

difference was mainly due to the males having much greater confidence in nanotreatment

than the females.

The researchers who invented this treatment are to be admired. One-shot treatments were seen

as an admirable discovery, but nanodelivery was not, F(1, 430)¼ 4.46, p5 .05. Male parti-

cipants expressed more admiration than females, F(1, 415)¼ 5.34, p5 0.05. Medical

students had less admiration for the researchers than the other two disciplines F(2, 2)¼
19.20, p5 0.05. Otherwise no clear differences between disciplines were found on any of the

scales.

Figure 4. I would like to learn more about this new field of medical research.

166 B. Nerlich et al.
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I would like to learn more about this new field of medical research. Yet again it was the

prospect of one-shot treatments that interested our participants, rather than the difference

between drug- and nanodelivery, F(1, 430)¼ 3.29, p5 0.1. However, there was an inter-

action between the one/many and drug/nano variables, F(1, 430)¼ 5.55, p5 0.05, with

participants showing a marked lack of interest in further knowledge of multiple drug

treatments.

Three things in particular are notable about these results, all of them replicating effects we

found in our study of school children. Firstly, the participants were far more impressed by

the difference between one-shot and repeated treatments than by any difference between

drug- and nanodelivery.

Secondly, there was a ‘cross-over interaction’ effect such that the two treatment regimes

that seemed most negative to participants were a drug that had to be administered

repeatedly, or a nanosystem so powerful, and so irrevocable, that after one treatment the job

was done. Participants preferred the thought of a drug that only had to be taken once, or else

a nanosystem so gentle and progressive that it only took its full effect after several

administrations.

Thirdly there was a consistent gender difference with male participants taking a more

positive view of the risks, benefits and achievements involved in these treatments than the

female participants. This agrees with results reported by Lee et al. (2005) who found that

negative feelings towards nanotechnology were stronger in women, older individuals, and

among ethnic minorities.

Conclusion

Overall then, the young people in this study seemed less excited, and less bothered, by the

advent of nanotechnology — at least in this field of application — than we thought they

might be. There was, however, a gender difference, not so much in relation to the forms of

treatment, nano versus traditional, but in the overall excitement for novel treatment

demonstrated by male participants rather than female participants. This tallies with research

into gender differences in public attitudes to science and technology in general and

nanotechnology in particular. An article dealing with gender differences in student attitudes

toward science based on a meta-analysis of the literature from 1970 to 1991 found for

example that male students show a more positive attitude toward science than female ones in

all types of science (Weinburgh 1995, see also Jones et al. 2000). In his seminal article on

(adult) public attitudes towards nanotechnology in the US Bainbridge wrote in 2003 that the

results of this study

[. . .] do not clarify why women are so much less enthusiastic than men. [. . .]

Future research can explore the extent to which the gender difference merely reflects

the far lower interest in engineering and the non-biological physical sciences among

women [. . .].

The chief finding of this initial, exploratory study is that science-attentive members of the

general public are very enthusiastic about nanotechnology, and a rather large number of

ideas about its benefits have already entered popular culture. Over the coming years,

social scientists in a variety of fields should employ a diversity of research methods and

analytical theories to chart and understand the growing significance of nanotechnology for

modern civilization. (Bainbridge 2002: 568)

Young adult’s perception of advances in nanomedicine 167
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This article has shed some new light on the gender issue and applied a novel research

method to chart and understand the growing significance of nanotechnology for modern

society, especially the significance of nanomedicine.

More surprisingly perhaps, the study here presented seems to confirm a difference in

attitudes which we had also found in a previous study and which therefore might have some

implications for understanding young people’s attitudes not only to nanomedicine but also

to conventional medicine, attitudes which seem not to be gender specific. As in the previous

study, participants were more worried about repeated administrations of a conventional

drug rather then a one-shot treatment with a conventional drug, whereas in the case of

nanomedicine they were more worried about a one-shot nanotreatment and less concerned

about a repeated, low-dosage, administration of nanomedicine. Frequency of treatment

therefore seems to affect attitudes to nano versus conventional treatment in a rather

unexpected way. Side-effects were seen as least likely after one treatment with conventional

drugs, and more likely after repeated drug treatments, whereas in the case of nano a more

positive attitude to repeated treatments seems to indicate that the young people would rather

be ‘safe than sorry’.

A limitation of this study is its use of a student population within one university. Thus,

one may infer that there is a higher degree of homogeneity of social class, age and ethnicity

than one may have found had the vignette study been conducted with a wider population of

young people. This is a common criticism of research conducted within the field of

psychology, and although it is a valid argument it should not be used to negate the findings

of all research conducted with such samples. Although the authors would advocate further

research to target specifically a wider sample of young people so that the effects of social

class, age and ethnicity could be examined, the fact that many of the findings replicate those

of a study conducted using school children (arguably a wider sample in terms of social class

and ethnicity and obviously a different age group) suggests that the results of this study are

relatively robust.

Studies into attitudes towards nanotechnology have been carried out widely in Europe as

well as the United States. There are however two gaps in such studies: they do not deal

particularly with young peoples’ attitudes and expectations regarding nanotechnology and

they do not differentiate between various subfields of nanotechnology and nanoscience, such

as nanomedicine and nanofood production or cosmetics for example. More research is

needed into gender differences that might affect attitudes to nanotechnology in general and

subfields of nanotechnology in particular, as well as research into differences in attitudes

towards what one might call ‘red’ aspects of nanoscience and nanotechnology, such as

applications in medicine, and ‘green’ aspects of nanoscience and nanotechnology, where

nanotechnology is used to deal with agricultural or environmental issues. It would be

interesting to examine whether the fears and hopes which were differentially attached to red

and green biotechnologies re-emerge in this new field (Bauer 2005). More research is also

needed into the influence of cognition and emotion on attitudes towards nanotechnology

(see Lee et al. 2005) and to compare results with earlier studies into such influences on

attitudes towards genetic modification (see Spence and Townsend 2006, Townsend et al.

2004, 2006). And finally, those interested in public understanding of medicine might want

to investigate further the difference in attitudes towards one-shot and repeated treatments

and the implications this might have for risk perception and uptake of novel drugs.
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Appendix: Questionnaire – version 1

Please read the scenario below and try to imagine it is real.

Mrs Emily Johnson, aged 63, has been diagnosed by her doctor as suffering from crippling

arthritis. Researchers are trying out a new form of treatment, which she can choose to have.

This involves taking a pill containing a newly invented molecular-scale nanoparticle that

takes the drug selectively to the body sites most affectedþ. She would only have to take one

of these pills to change her body in a way that gave her lasting reliefþþ.

Now please rate the following statements on a scale of 1 to 7. Circling 1 means you strongly

disagree with the statement, circling 7 means that you strongly agree and likewise for the

values in between.

Example: on the following scale, if you were in moderate agreement you might circle the 5 as

follows.

Watching TV is fun

Strongly disagree 1 2 3 4 Z5 6 7 Strongly agree

Mrs Johnson should accept this treatment

Strongly disagree 1 2 3 4 5 6 7 Strongly agree

The treatment is likely to work

Strongly disagree 1 2 3 4 5 6 7 Strongly agree

The treatment will probably have side effects

Strongly disagree 1 2 3 4 5 6 7 Strongly agree

Mrs Johnson will be worried about this form of treatment

Strongly disagree 1 2 3 4 5 6 7 Strongly agree

The treatment will be too expensive for general use

Strongly disagree 1 2 3 4 5 6 7 Strongly agree

Other conditions will soon be treated in this way

Strongly disagree 1 2 3 4 5 6 7 Strongly agree

This is an exciting breakthrough in medical science

Strongly disagree 1 2 3 4 5 6 7 Strongly agree

This approach is more dangerous than good

Strongly disagree 1 2 3 4 5 6 7 Strongly agree

The researchers who invented this treatment are to be admired

Strongly disagree 1 2 3 4 5 6 7 Strongly agree

I would like to learn more about this new field of medical research

Strongly disagree 1 2 3 4 5 6 7 Strongly agree

How old are you? _______________ Are you male [ ] female [ ] (please tick)
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þ This wording occurs in versions 1 and 2 of the questionnaire; alternatively in

versions 3 and 4 of the questionnaire, the following wording is used: ‘‘This involves

taking a special new drug, which finds its way to the body sites most affected.’’

þþThis wording occurs in versions 1 and 3 of the questionnaire; alternatively in

versions 2 and 4 of the questionnaire, the following wording is used: ‘‘One of these

pills would have to be taken every day for a number of months or years to give

lasting relief.’’

Young adult’s perception of advances in nanomedicine 171


