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Outline of talk

● Disciplinary differences
● Science education as apprenticeship
● Role of maths in the “exact” and “applied” sciences
● Case studies
● Conclusions: some reflections on missed opportunities 

and injustice
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Disciplinary differences

● ... at the core of the entire project of a scholarship of 
teaching and learning is the belief that disciplinary 
thinking is crucial to learning … learning is discipline 
specific 

Pace, David. 2004. ‘The Amateur in the Operating Room: 
History and the Scholarship of Teaching and Learning’. 
The American Historical Review 109 (4)
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Disciplinary differences

● CP Snow
– Culture wars – still relevant?



  5

Disciplinary differences

● typically hard and pure fields where a common paradigm 
is acknowledged, are adept at discussing curricular 
coherence but find the idea of critical perspectives to be 
unfamiliar, if not uncomfortable ... typically soft, pure 
fields, show the reverse patterns: helping students 
develop critical perspectives is their forte, but 
acceptance of multiple paradigms seems to be 
associated with reluctance to describe coherence.

Lattuca and Stark (1994) quoted in Neumann, Ruth. 2001. 
‘Disciplinary Differences and University Teaching’. 
Studies in Higher Education 26 (2): 135–146.
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Science education as apprenticeship

● Michael Polanyi
– Distinguished chemist
– Philosopher of science
– 1962. Personal Knowledge: Towards a Post-Critical 

Philosophy. 
● Tacit knowledge
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Scientific models

● There is no picture- or theory-independent concept of 
reality. Instead we will adopt a view that we will call 
model-dependent realism: the idea that a physical 
theory or world picture is a model (generally of a 
mathematical nature) and a set of rules that connect the 
elements of the model to observations. This provides a 
framework with which to interpret modern science. 

(Hawking and Mlodinow, The Grand Design, 2010)
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Science education as apprenticeship

● Scientific models
– They are often not natural or instinctive
– The view students bring to the course are often wrong and 

need to be trained out of them

● As scientific maturity grows, the learner begins to inhabit 
the model so that it frames their perception of reality

– At the end of a science education learners should come out 
thinking like scientists

– Becomes instinctive, second nature
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Role of maths

● Models in the “exact” and “applied” sciences are 
mathematical in nature

● Maths is not the “thing” itself – it becomes the lens 
through which we view the physical world

● Deficit in mastery of mathematics will prevent progress 
in science
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Case studies

● If 438 × 4 = 1752, what is 439 × 4 ?
– Multiplication as repeated addition

●

●
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Conclusions and reflections

● In some contexts it is appropriate to diagnose a deficit in 
a student and attempt to rectify it

– Like an expert doctor diagnosing a serious illness
● Deficit of healthfulness
● Still treat the whole patient
● Disease is not identity

– Banking model of education – appropriate here?
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Conclusions and reflections

● Origins of cognitive deficits
– Poor education, social disadvantage, poverty, additional 

learning needs, illness
● Relevant?

● There is a tension between addressing social justice 
issues in the systems that breed inequality and 
addressing the needs of the student/applicant in front of 
me.
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‘The Amateur in the Operating Room: History 
and the Scholarship of Teaching and Learning’
● it is now widely recognized that, long before they enter a 

high school or college physics course, students have of 
necessity already created rough "Aristotelian" 
approximations of the physical world that can prevent 
them from mastering the physics of Isaac Newton and 
Albert Einstein. In many cases, they are able to fill in the 
correct blanks on science tests, but these earlier ways of 
understanding often reassert their primacy as soon as 
the students leave the classroom.

Pace, David. 2004. ‘The Amateur in the Operating Room: 
History and the Scholarship of Teaching and Learning’. 
The American Historical Review 109 (4)
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