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U-rated not X-rated: reassessing how science students could benefit from 
learning history of science

Graeme Gooday

In the March 1974 issue of Science, Stephen Brush asked the provocative question: should the history of science be 
rated 'X' for science undergraduates?[1] His subtitle spelled out the problem: the way that scientists behave 
(according to historians) might not be a 'good model' for impressionable students. Two concerns prompted Brush to 
critique this hypothetical rationale for shutting history of science out of the undergraduate science curriculum. One 
was an anxiety expressed during the US elections two years previously that television coverage of politicians' 
campaigning ought to be 'rated X' as it might lead American youth to infer that US politics was 'composed of hypocrisy 
and cynicism'.[2] More specifically linked to Brush's field was scientists' developing backlash to the troublesome 
implications of Thomas Kuhn's (alleged) historical irrationalism about science. Brush's deliberations led him to a 
(guarded) sympathy with Kuhn's view that scientists' behaviour did indeed often fail inconveniently to meet the ideals 
laid down in standard science textbooks. Following the philosopher J.C.C. Smart, however, Brush argued wryly that 
scientists who want cogent role models to offer to young scientists could perfectly well use fictional examples instead 
of wasting their time looking through critical history of science texts.[3]

In effect Brush showed that history of science should not be X-rated for classes on professional scientific conduct, 
merely left on the library shelf. But he went further than that. More importantly he put the positive case that history of 
science could serve two valuable purposes in science education. Following Donald Cardwell he contended that 
history of science enabled students to see how the concepts they learned in science classes had been created and 
developed in response to acutely felt and 'very real' human problems. Citing James Lyons, Brush further noted that 
students could also learn how their predecessors dealt with the long-existing phenomenon of public hostility to 
science -a problem even for Cold War researchers enjoying generous state/military sponsorship. Arguably these two 
benefits of history of science would of themselves entitle us to claim that the subject should be open to all science 
undergraduates without fear of harm.[4] Or to redeploy Brush's quasi-cinematic categorization: history of science 
should be U-rated.

Thirty years on, has there been a significant shift in the balance of risks and benefits of learning history of science 
outlined in Brush's much-discussed paper? One would prima facie expect this to be so in a post Cold War climate of 
commonplace media scepticism about the integrity of scientists, and given the banalization of Kuhnian views on 
science in academic culture. Who would now argue that the innocence of science students could be maintained by 
denying them access to history of science? Rather, one might argue that studying the history of science is important 
to enable students to understand how well-known instances of fraud, corruption, bias and deceit among scientists 
arose in response to the enormous public, academic and corporate expectations placed upon the scientific 
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community. Similarly, few would now argue that study of 'scientific method' need feature in a university science 
education - let alone contend that history of science might help to anatomize this chimerical entity. Perhaps only a 
handful of educationalists now would follow Brush in focussing on historical attention on the physical sciences and 
astronomy - as if other sciences were only seeking to emulate the successes of those disciplines.[5] It is time 
therefore to consider afresh the issues in Brush's account for the 21st century.

One major aim of this paper is to consider whether the contemporary science student can benefit from history of 
science in important ways not discussed by Brush. Might it even be argued that science undergraduates ought to 
take classes in the history of science (especially of their own specialism) in order to gain the advantages of history of 
science in the undergraduate curriculum? Understanding these benefits should enable us to move beyond the over-
dichotomised and increasingly sterile 'Two Cultures' debate once used to promote history of science as 'bridging' 
some ill-defined species of chasm between the sciences and humanities.[6] This is the substance of the case that I 
will put forward in the latter part of this paper. First, however, let us consider how the UK context of history of science 
in higher education stands at the present time.

1. History of science inside and outside higher education science

Historians of science in UK Higher Education will be aware that while schoolchildren are increasingly exposed to their 
subject in the science (and history) components of the UK's National Curriculum, history of science does not have any 
such securely established role in the university science curriculum. Looking at the forty departments that offer courses 
in history of science, technology and or medicine in UK and Irish universities,[7] there is an enormous diversity of 
teaching to a wide range of different kinds of student audience in the sciences, social sciences and humanities. 
Accordingly generalisations about how far UK historians of science have adopted Brush's solution to the X-rating 
problem are difficult to delineate. We need instead to understand how attitudes to history of science among science 
departments might be differentiated by a number of important factors.

There are some 'enlightened' university departments, typically in medicine and the biomedical sciences, strongly 
recommend historical courses to their undergraduates - in a few cases even going so far as to make one or two such 
courses compulsory. Other departments leave the matter to students' discretion in their choice of options or electives. 
After all, for scientists not familiar with the subject, it might not be at all obvious why studying history of science should 
be more beneficial to their students than courses of more direct vocational relevance in information technology or 
business management. Then again for students enrolled in some degree programmes - typically in physical sciences 
and engineering - the pressures of expanding core curricula, professional development, and the financial strain from 
falling enrolments seem to entail severe restrictions on students' opportunities to study outside their main subject. For 
such unfortunates, history of science is not so much X-rated, but already out of reach. This is a telling contrast with 
the resilience of the Bildung element so securely guaranteed to US science students by the major/minor system of 
higher education.

Revisiting the terms Brush's concerns, are there science departments in UK universities that seek to give an X-rating 
to history of science courses? None speak publicly in these terms. The nearest candidates are those that quietly 
advise their undergraduates that studying history of science would be an unhelpful distraction from their presumptive 
professional training as scientists. In its strongest form it amounts to zealous 'monodisciplinarity': that students of 
science Z must only learn Z since the exclusive study of Z is their best route to optimizing their expert performance in 
that subject. This narrow approach to science curricula is perhaps grounded less on any genuine fear of the harm that 
might be caused by interdisciplinary learning that concern at unsuccessful competition with other subjects. We know, 
after all, that at least some science students have found courses in history of science so interesting and well taught 
that they have abandoned their scientific training and instead taken up history of science on a professional basis. 
Other students have taken a different path after critical historical accounts have led them to disillusionment with 
science. The resulting loss to the scientific research community has often been to the benefit of accountancy and 
banking rather than history of science; such is the (relatively) free market of subject and career choice in which both 
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science and history of science have to operate.

Fortunately there is now an effective means of challenging the 'monodisciplinary' approach to science curricula, and it 
comes from a somewhat unexpected source.

2. The use of QAA Benchmark statements in promoting history of science

The Quality Assurance Agency's Subject Benchmark statements now offer nationally-agreed pedagogical 
specifications of 'key skills' and 'learning outcomes' for each discipline taught in UK universities. [8] Although hardly 
relished by those who now have to correlate their teaching programmes to the jargon of Benchmark statements, these 
statements have at least obliged H.E. science teachers to spell out more clearly than hitherto what kind of education 
is expected to form a good practitioner in their subject. In surveying benchmark statements in the sciences and 
medicine it is strikingly how many acknowledge the importance of least some educational components that are either 
'extra-disciplinary' or (arguably) humanities-like in character. For example, the Benchmark statement for Physics and 
Astronomy stipulates that:

Progress in physics requires imagination and creativity. It is often the result of collaboration 
between physicists with different backgrounds and can involve the exchange of ideas and 
techniques with people from outside the discipline. [9]

Later on in the same statement we find under the heading 'Communication skills' the uncontroversial - but perhaps 
only recently acknowledged - point that good communication is essential for the practice of physics. Hence the 
Physics Statement contends that a physics degree should develop students' ability to listen 'carefully', to read 
'demanding texts', and to present complex information in a 'clear and concise manner.' [10] An historian of science 
reading these phrases would naturally contend that history of science would be a relevant and effective way of helping 
to meet these two requirements. A course in the history of physics (or indeed of any science) would give physics 
students the appropriate exposure to ideas from outside their (present-day) discipline and to learn how to 
communicate better through the essay-writing and discussion skills that are nurtured by historical study.[11] Without 
further specialist pedagogical research on the effect of learning history of science, however, one could not claim that 
history of science was necessarily the best or only discipline to cultivate these qualities in science students. 
Philosophers, especially specialists in philosophy of science, could certainly claim that their subject could be equally 
efficacious in this regard.

In turning next to the case of chemistry, the case for history of science as an important auxiliary to science education 
is somewhat stronger. In addition to stipulating requirements for transferable skills of oral and written communication, 
the Benchmark statement for that discipline stipulates that one 'main aim' of a chemistry programme should be to 
generate in students an appreciation of 'the importance of chemistry in an industrial, economic, environmental and 
social context'. Here the historian and sociologist of science have something important to offer in fulfilling the terms of 
this learning outcome, although clearly in ways tied very specifically to a history of chemistry curriculum. [12]

Of all the benchmark statements, though, the specifications for biosciences seems to call for the most 
comprehensively for input from the humanities and social sciences in ethical, social and legal matters. Less overtly 
stipulated but apparent from a thoughtful reading of the biosciences benchmark statement is a call for a form of 
historical teaching that is as specialized as in the case of chemistry discussed above, but specialized for a different 
reason. Section 2.6 of biosciences statement reflects the important dynamism in the biosciences that affects the 
content of curriculum rather more perhaps than for the more stable (completed?) disciplines in the physical sciences:

The biosciences include areas (e.g. genetics and molecular biology) in which rapid change and 
development are evident and where new knowledge and technologies are swiftly spread through 
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the subject. This means that there is an increasing requirement to prepare graduates carefully for 
continuing their self- education and development after graduation to maintain their knowledge and 
understanding of rapidly changing areas. [13]

Here it is the understanding of change that is central to educational needs. And what better subject indeed than the 
history of biosciences to familiarise students with the complex, subtle and often unpredictable nature of change within 
their scientific discipline?

This kind of analysis could carry on in a similar vein identifying the components of each of the natural sciences 
benchmark statements for which history of science could be shown to be not merely relevant but arguably invaluable. 
This would certainly cash out a strengthening of a neo-Brushian case for the U-rating of history of science. However, 
to proceed in this way would be to allow the idiosyncratic formulations of benchmark statement by their relevant 
subject community to dictate the terms of analysis. It is more useful to stand back and analyse the possible 
educational benefits of history of science in a more systematic way, considering how history of science might be 
beneficial for all kinds of science pedagogy on suitably generalised grounds.

3. The vocational utility of history of science I: knowledge

Like most standard educational texts, the Benchmark statements adopt a standard analysis of what general kinds of 
benefits students might reasonably expect to gain from any course of study. According to this educational theory there 
are three distinct sorts of beneficial outcome that students (and their future employers) can expect from higher 
education: i) knowledge, ii) understanding, and iii) skills.[14] These three elements are obviously interlinked in the 
student's learning process: certain skills and instances of knowledge are requisite to acquiring specific kinds of 
understanding; conversely students cannot acquire specialist skills without at least some encounter with specialist 
knowledge and some understanding of their success in using that skill. Although distinctions between these three 
kinds of learning outcomes might seem a little arbitrary or artificial, they are essential in specifying to students what 
criteria will be used to assess any given piece of their work. For example, while we might only give a bare pass mark 
to a student who could show basic knowledge but little interpretive understanding and no mature skills in constructing 
or organising arguments, a student who could combine all three to a high level would normally score a very good 
mark. Most importantly of all for the purposes of this paper, these three categories enable us to articulate what 
students of science, technology or medicine (STM) can expect to gain from studying the history of their subject.

Knowledge

In any sustained course of STM, students are likely to encounter reference to at least some (probably all) of the 
following sorts of historically-rooted topics.

Individuals, e.g. Newton, Darwin, Mendeleev, Watt, Curie, Harvey, Pasteur 

Techniques, e.g. X-ray analysis, Feynman diagrams, quantitative analysis, auscultation 

Defining accomplishments, e.g. nuclear fission, DNA double-helix structure, heart-transplant 

Institutions, e.g. Royal Society, British Medical Association, Institution of Civil Engineers 

Moreover, there are more specialized topics that students are likely to encounter:

Science: Classic Theories, Mendelian theory of inherited characteristics
Classic Experiments, e.g. Michelson-Morley experiment 

Medicine: Standard Diagnoses: identification of pleurisy as inflammation of the lungs
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Standard Therapies: use of penicillin as an antibiotic 

Technology: Engineering principles: the suspension principle in bridges
User-centred design: the Graphical User Interface in personal computers 

For a student learning a field of STM, knowledge of the relevant key individuals, techniques, defining 
accomplishments, institutions and specialist concerns is essential for their orientation and assimilation into the 
discipline. Put another way, the disciplinary identity of, say, the physicist, chemist, biologist, surgeon, electrical 
engineer, is rooted in this wider knowledge of their respective fields. Yet few curricula in STM can afford to devote 
coverage in depth to the provenance and wider significance of these topics. By contrast, courses in the history of 
science/technology/medicine (HSTM) can provide students with suitable knowledge of such issues, taught with 
scholarly rigour and with due respect for context.

4. The vocational utility of history of science II: Understanding

The QAA Benchmark statement for History is extremely valuable for identifying in general terms the kinds of 
understanding that historical courses might nurture in students enrolled on them:

12.i The ability to understand how people have existed, acted and thought in the always different context of the 
past. History involves the cultural shock of encountering and sensing the past's otherness and of learning to 
understand unfamiliar structures, cultures and belief systems. These forms of understanding also shed important light 
on the influence which the past has on the present.

12.iii The appreciation of the complexity and diversity of situations, events and past mentalities. This emphasis 
is central to History's character as an anti-reductionist discipline fostering intellectual maturity.

12.iv The understanding of the problems inherent in the historical record itself: awareness of a range of 
viewpoints and the way to cope with this; appreciation of the range of problems involved in the interpretation of 
complex, ambiguous, conflicting and often incomplete material; a feeling for the limitations of knowledge and the 
dangers of simplistic explanations. [15]

This primes us to be aware of the ways in which in learning about the history of their subject, students of STM will not 
simply learn what happened in the past, nor just relate it to the present-day concerns of their field. In studying history 
they are required perhaps more explicitly than any other subject to learn to deal with problems that crop up in all 
fields of learning, not least the natural sciences. These are the problems of

coping with only incomplete and or partisan evidence; 

evaluating conflicting interpretations of 'facts'; 

explaining how and why change occurs in a discipline 

how claims to impartiality/objectivity can be made in the face of uncertainty. 

adopting a critical standpoint on all relevant issues and claims 

Within their study of how STM practitioners come to create knowledge in the past and present, students can develop 
an understanding of STM as consisting of multifaceted processes. For example:

understanding how change is a ubiquitous and unavoidable feature of STM, especially in 
comprehending the role of individuals and institutions in the innovation process 

understanding the fallibility of STM - how and why important claims have been challenged and changed, 
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and the longer-term significance of the revisability of STM knowledge. 

understanding the symbiotic relations between Science, Technology & Medicine - how do they 
interact, what are the driving forces in their interaction, and how these forces can be highly context-dependent 

understanding STM as part of national and international life. STM have long been major contributors to 
the shaping of nations, international conflicts and international relations. This is even more likely to be the case 
in the 21st century. Its historical study informs future policy initiatives 

understanding STM as part of national heritage. While historical study of the past life of Britain and its 
constituent nations is readily conceived in terms of its monarchs, political leaders, works of art and labour 
history, STM is too often treated as timeless and thus somehow 'outside' of history or society. By setting STM 
in its historical contexts, students can develop ways it belongs to their heritage, and understand the 
development of their own culture. 

understanding how STM in Britain influenced and was influenced by activities elsewhere in the world
. STM takes place both in local and international contexts. STM are integral elements of international relations 
between nations, exploration, and empire. STM also are central elements of multi-national organisations, such 
as the United Nations and the European Union HSTM provides a vehicle for students to explore these 
relations and to consider the role of Britain and its constituent nations in those activities. 

the role of the public in cultivating and steering STM. Historical study of STM shows how the public has 
rarely been entirely excluded from decision making processes that have affected the existence, scale, 
directions of STM, and has been a major player in giving privileges to or placing constraints upon practitioners 
of STM - demanding also their accountability. HSTM shows students in non-scientists programmes how they 
might participate in public discussions about the scale and direction of scientific activity. 

Viewed overall such 'understandings' promote sensitivity and responsibility among trainee STM practitioners. This 
improves their ability to be critical users of information and improves their ability to counteract dogmatic views that are 
insensitive to the changing nature of their discipline. It also enables students to shift from lower-order processes, such 
as memorizing facts, to higher order processes, such as analysis, interpretation and reflection - essential skills for 
future specialist researchers and administrators in STM. Importantly these skills might not be addressed to a 
comparably high level by the curriculum of their own subject. Perhaps the most importantly research oriented 
understandings that training in HSTM can bring to an aspiring practitioners are critical comprehension of decision-
making activities and a maturely reflective self-understanding. [16]

5. The vocational utility of history of science III: Skills

The study of history cultivates important skills valuable for many professions, not just those of academic history. This 
issue has been examined in some detail by the History Benchmark group, and although their deliberations relate to a 
large scale (degree-programme) level of history, it is useful to note their observation that historical learning can 
develop subject-specific skills:

12.ii The ability to read and use texts and other source materials, both critically and empathetically, while addressing 
questions of genre, content, perspective and purpose.

12.v Basic critical skills: a recognition that statements are not all of equal validity, that there are ways of testing them, 
and that historians operate by rules of evidence which, though themselves subject to critical evaluation, are also a 
component of intellectual integrity and maturity.

12.vi Intellectual independence: a History programme is not simply or even primarily a preparation for research in the 
subject, but it should incorporate the general skills of the researcher, namely the ability to set tasks and solve 
problems. This involves: bibliographic skills; the ability to gather, sift, select, organise and synthesise large quantities 
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of evidence; the ability to formulate appropriate questions and to provide answers to them using valid and relevant 
evidence and argument.

12.vii Marshalling of argument - in written and oral form drawing on and presenting all the above skills. Such argument 
should have structure; it should be relevant and concise. In the case of written argument it should be expressed in 
clear, lucid and coherent prose. Orally it should involve the capacity to sustain a reasoned line of argument in the face 
of others, to listen, to engage in sustained debate, and amend views as necessary in the light of evidence and 
argument. [17]

Merely enrolling on a history course does not, of itself, guarantee that any or all these skills will be acquired to a 
significant threshold. With that proviso in mind the History Benchmark statement for higher education notes that 
through these subject-specific skills and cognate understandings, students can attain ten generic skills useful in all 
professional domains. These are listed in the table below on the left-hand side: as an illustration of how these might 
be considered relevant to a profession in the STM domain, the right hand column lists the cognate skills in the field of 
medicine at the level of a graduate level clinician:

Generic skills acquirable from studying history
Skills/qualities expected of pre-registration 
house officer

QAA History Benchmark statement QAA Medicine Benchmark statement

(i) Self-discipline;
7.b ability to manage their learning with respect to 
C.P.D.

(ii) Self-direction;
5.2a recognise, define and prioritise problems
5.3b formulating research questions pertinent to 
medicine

(iii) Independence of mind, and initiative;
1.11 Independent learning skills
2.2 Critical evaluation, curiosity, life-long learning
5.1 Ability to think critically

(iv) Ability to work with others, and have respect for others' 
reasoned views;

6.1i Work effectively within a team
7.3.c Involve patients, relatives, carers in decision-
making

(v) Ability to gather, organise and deploy evidence and familiarity 
with appropriate means of identifying,finding, retrieving, sorting 
and exchanging information;

2.3b Ability to obtain a patient's history + interpret 
findings
5.3d Rigour in collecting, analysing and interpreting 
data

(vi) Analytical ability, and the capacity to consider and solve 
problems, including complex problems

3.1 Intellectual skills of analysis, reflection, problem-
solving

(vii) Structure, coherence, clarity and fluency of oral expression;
6.1c Present information clearly in written, electronic 
and oral forms, and communicate ideas effecetively

(viii) Structure, coherence, clarity and fluency of written 
expression;

6.1c Present information clearly in written, electronic 
and oral forms, and communicate ideas effectively

(ix) Intellectual integrity and maturity; 7.6.a applying the principles of honesty and integrity
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(x) Empathy and imaginative 
insight;

6.2.1.a/b Take a history which is patient-centred in sensitive manner, appropriate for 
age, gender, culture, clinical condition
7.3.c adopt an empathic and holistic approach to patients.
7.3.e know of/respect different cultures, values views & beliefs

A medical student might conceivably develop each of these skills, to some extent, during a one-year intercalated 
course in the history of medicine. Certainly we could not expect a student to develop the skills of 'self-direction', 
'independence of mind' or 'intellectual integrity and maturity' to an appreciable extent in an historical course without a 
substantial opportunity for a research project undertaken over several months, e.g. a dissertation. By contrast a 
medical student taking a short 'Special Study Module' over a few days or weeks might hope to develop analytical 
abilities and some skills in gathering, organise and deploying evidence. Depending on the kinds of learning and 
assessment processes involved they might also acquire a significant ability in to exercise structure, coherence, clarity 
and fluency in oral and or written expression.

Similar issues arise for the 'service' or 'specialist' teaching that HSTM departments might offer to students. Given only 
a dozen or so contact hours in an otherwise packed daily schedule it is important to consider what quantity and quality 
of generically useful skills an STM undergraduate could reasonably hope to gain? Such questions need not be 
answered in details here as they are a matter for curriculum design in the context of the needs of particular cohorts of 
students in a particular institutions. The important point is that participation in an HSTM course could give a student at 
least some valuable skills from HSTM that they could not learn (at least not so efficiently) in their main subject classes.

6. Conclusions

This paper has addressed Brush's analysis of the censorship rating of HSTM from the perspective of 'employability'. It 
has argued that, far from harming the putatively innocent student, studying HSTM can benefit prospective STM 
practitioners by giving them forms of knowledge, understanding and skills that are uniquely well suited to enhancing 
their specialist practice of STM. The strongest version of the claim one might against the X-rating of HSTM goes much 
further than Brush did: it contends that HSTM training ought to be compulsory for STM students since they will be 
much the worse off without it! Of course, science professionals might respond by arguing that individual points in the 
above discussion are ill-founded and that it is still possible for students to gain the relevant historical knowledge, 
understanding and skill within their main science curriculum. But the burden of proof is now on the scientists to show 
whether that might be the case. More constructively, given some kind of shared understanding of the benefits of STM 
(using arguments presented above or from elsewhere) historians of STM could seek to collaborate with STM 
departments in developing the kinds of HSTM training that would be of greatest professional benefit to STM students.

If science departments do not see it as appropriate to promote HSTM courses to their students, an alternative strategy 
would be present the arguments above directly to the STM students themselves before they choose their optional, 
elective or subsidiary courses. As the recent expansion of U.K. higher education has made the employment market 
much more competitive for increasingly debt-ridden graduates, such students are more concerned than ever to invest 
in an education that might enhance their prospects so they can repay their loans with better-paid jobs. Accordingly 
HSTM teachers who want to recruit enough students for their courses to thrive, need to show more than just that their 
subject should be U-rated. They should show STM students that if they do not study HSTM, they would be missing an 
important opportunity to be better educated for their future careers.
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