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The primary mission of constructivists, therefore, is to help students “find their inner

voices" (in a quasi-religious deification of “the real self"), rather than help students

share in the bodies of knowledge (math, science, literature) that constitute our

species's effort to understand itself and the world.

Martin Kozloff, 1998, Constructivism in Education: Sophistry for a New Age



Abstract: The factual, epistemological and pedagogic bases of Donald Schön’s Design Education

and its underpinning scheme, Reflection-in-Action, are examined from an objectivist point of

view. Past and recent successes that question the existence of crippling dichotomies between

technical knowledge and practice, and which Schön alleges prevent innovation and creativity in

current Engineering, are pointed out. The scheme’s supporting examples are shown to be either

factually false or incorrect, disproving its main hypotheses. The inadequacy of self-discovery,

hands-on methods within the Reflective Practicum for the learning of counterintuitive physics or

mathematics is highlighted trough specific examples. The impossibility of arriving to anything but

arbitrary and subjective conclusions through self-observation and introspection is pointed out.

Assuming that engineering design is a social construction and that creativity is a non-domainspecific skill the students need to develop through self-reflection prior to the technical formation

are fundamental fallacies in Schön’s Design Education. The lack of demonstrable achievements

proves that the introspective, self-reflective learning method does not meet the expectations.

Rather than the alternative and more creative form of rationality it claims to be, the inherent

irrationality of the reflective scheme identifies it as a mystic by-product of the obsolete forms of

Positivism Schön is meant to be critical of. Its implementation within Engineering should not be

encouraged.
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Introduction

The notions of Reflective Practice and Design Education put forward in the 1980’s by the

American thinker Donald Alan Schön (1987, 1983) acquired



relevance amongst many



Engineering educationalists in the past three decades in association with highly appealing but

loosely defined concepts such as “learning-by-doing, authentic experiential learning, authentic

engineering design,



bridging the theory-practice divide, real-world problems, flipping the



classroom, industry-relevant teaching, teaching creativity, lifelong learning skills, threshold

concept, transformative learning, embedded creativity, creative skill development, design based

learning,” etc. (Khisty and Khisty 1992; Valkenburg and Dorst 1998; McIsaac and Morey 1998;

G. Green and Kennedy 2001; Waks 2001a; Adams et al. 2003; Hmelo-Silver 2004; Leonard 2004;

Dym et al. 2005; Atman et al. 2008; Kavanagh and O’Moore 2008; Schwartzman 2009; Dall’Alba

2009; Russell 2010; Gainsburg et al. 2010; Lloyd 2012; Hargrove 2012; Hook et al. 2013;

Ambrose 2013; Gómez Puente et al. 2013; Daly et al. 2014; Perdomo and Cavallin 2014; Haupt

2014; Kavanagh and Reidsema 2014)

Schön’s Reflective Practice, while claiming to challenge the relationship between technical

expertise and artistry, reduces the process of learning and, by extension, the subsequent

professional praxis, to a subjective mechanism called Reflection-in-action, defined as thinking

about the action, often while doing it. (Khisty and Khisty 1992) The reflective approach questions

the usefulness of traditional approaches to knowledge-building for professionals since they seem

to lead to a disjuncture between theory and practice. Practitioners are presumed to apply existing

scientific theories in a deductive way to resolve specific situations. Alternatively, the reflective

approach sees theory as implicit in actions, or “knowing-in-action,” therefore not necessarily

consistent with the positivist theory the practitioner is assumed to act upon. The reflective

approach emphasises intuition and artistry, and highlights the importance of context. (Fook 1999)

The driving hypothesis behind Schön’s Design Education is that current professional

practice is largely devoid of creativity. In his view, practitioners are subject to “the straitjacket of

technical rationality, where rules are blindly followed.” (Khisty and Khisty 1992) Professional

practice implies using accepted aesthetic solutions, cost, performance time, etc., with little room

for innovation, hence the idea that students should be introduced to authentic or creative design

prior to the learning of the specific professional tools. (Ambrose 2013; Dym et al. 2005) In

Schön’s words: “the student must begin to design before she knows what she is doing.”(1987,
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p.99) The Reflective approach to learning relies on holistic and experiential methods (Waks

2001b), aimed at “fostering self-directed, lifelong learning skills” and in which ‘learning how’

takes precedence over the mere ‘learning about facts.’ (Ambrose 2013; Hmelo-Silver 2004)

Schön’s Design Education anticipated in many regards the current STEM vs. STEAM controversy

(see, e.g., Havyatt (2015)), where the acronyms stand for Science, Technology, Engineering, Art,

Mathematics.



Reflective Practice and Design Education

Schön’s ideas, as described in his best known books: The Reflective Practitioner: How

Professionals Think in Action, and Educating the Reflective Practitioner (Schön 1983, 1987) are

summarised below.

In Schön’s view, most business are conducted through professionals especially trained to

carry those functions, whether it be “making war, educating our children, diagnosing and curing

disease…designing and constructing buildings...” (1983, pp.3-4,12-8) By ascribing most of what

appeared questionable in the US society of the time, (and by extension, in all others developed

societies) to inadequate professional performance, he concluded: “although we are wholly

dependent on them, there are increasing signs of a crisis of confidence in the professions.” The

continued developments in new technology, regulations and information management impose

unprecedented requirements for adaptability in such a way that, he argues, for Physicians,

Architects or Engineers the patterns of task and knowledge are inherently unstable: “The situations

of practice are not problems to be solved, but problematic situations characterised by uncertainty,

disorder and indeterminacy.” The current professional practice then has as much to do with

finding, or “setting” the problem, as with solving it, and he points out that “professionals can be

counted on to do their job but not necessarily to define their job.”

Crippling Dichotomies: Schön’s critique centres on what he calls Technical Rationality

(hereafter referred to as TR), described as the “heritage of Positivism,” which he claims is at the

core of the Learned Professions such as Medicine and Engineering. (Schön 1983, p.31)(1987,

pp.78, 320) He asserts that during the past 300 years TR became a pillar of conventional wisdom

despite being increasingly characterised by deep dichotomies separating “means from ends,” and

“knowing from doing.” A prevalent TR authoritarianism in current universities subordinate
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professional practice to fundamental science, neglecting empirically acquired skills, introducing a

further dichotomy between “research and practice.” These dichotomies, he argues, curtail

professional creativity to the point of preventing most Engineers (and other science-based

practitioners) from solving any issues except for the simplest and most straightforward ones in

which a prior “agreement about ends” can be found. Professional activity based on TR education

is thus reduced to “instrumental problem-solving” based on “the use of crucial experiments to

choose among competing theories of explanation.” “When ends are fixed and clear, the decision

to act ...is just an instrumental problem” whereas, “when the ends are confused and conflicting,

the problem cannot be solved by the techniques derived from applied research.” “Within this

framework, there is little room for professional artistry, except as a matter of style grafted onto

technical expertise.” (Schön 1983, pp.21,31,41,68-69); (1987, p.34)



Reflection-in-Action: Schön points out that despite the limitations that TR imposes upon

them, many practitioners are still able to deal with indeterminacies and value-conflicts, but do so

through artful ways that follow “deviant traditions that stand…outside the normative curricula of

the schools.” (1987, pp.15-6) He claims that these performances create a new type of conflict

amongst practitioners: “they find it unsettling to be unable to make sense of these processes in

terms of the model of professional knowledge which they have largely taken for granted.” The

positivist epistemology of practice to which they are bound “leaves them at a loss to explain, or

even to describe, the competences to which (they) now give overriding importance.” (1983, pp.1920)

Schön explains these artful, outstanding performances through the “reflection-in-action”

mechanism which, being only partly conscious, “follows rules that have not yet been made

explicit.” (1987, pp.30-1,35) Using the concept of Tacit Knowledge, borrowed from the existential

philosopher Michael Polanyi, he argues that the reflective mechanism is a process humans “can

deliver without being able to say what (they) are doing.” (1987, pp.23,52-4)

The Reflective mechanism enables a distinctive means of communication between

practitioners: when the reflection-in-action becomes reciprocal, they have reached a “convergence

of meaning.” (1987, p.101) As a pivotal example, Schön states: “when good jazz musicians

improvise together, they...display reflection-in-action smoothly integrated into ongoing
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performance.” “They reflect-in-action on the music they are collectively making, though not, of

course, in the medium of words.” (1987, p.30)

He argues that “many practitioners (are) locked into a view of themselves as technical

experts.” “For them uncertainty is a threat; its admission is a sign of weakness.” “Others, …more

adept to reflection-in-action can proceed, even in situations of uncertainty or uniqueness, because

(for them) the process is not bound by the dichotomies of TR.”



(1983, p.68) The intuitive basis



of the reflective mechanism, in this view, enables creativity beyond the rule-governed inquiry

which, in line with the formality of TR education, is at the core of “thinking like” an Engineer or

a Physician. (Schön 1987, p.34).



Factual Base: Schön offers in support of his scheme the following 4 examples.

(i) The glass panes falling off the John Hancock Tower in the city of Boston during 1972/3

are used to highlight the extent to which TR prevents Engineers from properly dealing with the

complexity of current real-life situations. In Schön’s words: “it was impossible for skilled

engineers to arrive at a confident analysis of the problem,…the phenomena were too complex to

analyse… Every once in a while, one still shatters.” (1983, p.16 and endnote #45 to Chapter 1)

(ii) A thought-case of engineers building a road through a densely inhabited part of a city

illustrates the “swampy lowland” situations. Schön asserts that TR education prevents them to

properly deal with the dilemmas of “rigour or relevance” stemming from the social, i.e., nontechnical, issues involved in this sort of situations. (1983, pp.40-3)

(iii) Wilbert Moore’s assertion: “… professionals apply very general principles,

standardised knowledge, to concrete problems.” (1983, pp.22-4) In Schön’s interpretation, since

general principles are seen to occupy the highest level of professional knowledge, empiricallydeveloped “technical skills of day-to-day practice” are relegated to the lowest intellectual level.

(1987, p.9) Empirically obtained knowledge and skills are therefore seen as an ambiguous,

secondary kind of knowledge that “does not fit neatly into Positivist categories,” and the alleged

dichotomy separating knowledge from practice follows. (1983, p.33)

(iv) Schön argues that 85% of the cases faced by physicians “are not in the book,” forcing

them to invent and test new diagnoses, thus making evident that TR education is both unrealistic

and unnecessarily formal. (1987; p.35) Intuitive guessing is presented as evidence of the reflectionin-action mechanism: “Stimulated by surprise, (practitioners) turn thought back on action and on
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the knowing which is implicit in action.” (1983, p.50) “Surprise… leads her to rethink her

knowing-in-action in ways that go beyond available rules, facts, theories and operations” (1987;

p.35). The mechanism keeps no relation with existing knowledge or prior experience: using face

recognition as an example: he claims, with Polanyi, that the process



“involves no



comparison…with images of other faces held in memory.”(1987, p.23) Reflection-in-action is thus

described as central to the art by which practitioners “deal well with uncertainty, instability,

uniqueness and value conflict.” (1983, p.50)



Philosophical Fundamentals: Drawing from Karl Mannheim’s Sociology of Knowledge,

Schön argues that self-reflection, i.e., self-observation and assessment of the person own actions,

allows the practitioners and their clients to be aware of the “multiple approaches to reality,” or

“Frames,” involved in their practice. (1983, pp.309-15) This explicitly locates his scheme within

Postmodern Relativism, as do his many references to (Schön 1983, p.139,182,312) Thomas

Khun’s works. (Kuhn 1962, 1977) The postmodernist character of the scheme has been stressed

by many of Schön’s followers. (B. Green and Bigum 1993; Parker 1997; Fook 1999; Pease and

Fook 1999; Pryce 2002) Consistently, Schön made explicit that the Reflective Practitioner keeps

a Constructivist view: “our perceptions, appreciations and beliefs are rooted in worlds of our own

making that we come to accept as reality,” as opposed to the TR Practitioner’s Objectivist view

by which “facts are what they are, and the truth of beliefs is strictly testable by reference to them.”

(Schön 1987, p.36) The references to John Dewey, Polanyi, Donald Spence, Carl Rogers and

Sören Kierkegaard locate his experiential, self-reflective pedagogy within Pragmatism



and



Existentialism. (Schön 1987, pp.16-7;22-3;89-92;222-3) The consistencies with Martin

Heidegger’s views have also often been pointed out by his followers. (Bronfman 2005; Yanow

and Tsoukas 2009; Dall’Alba 2009; Erdman 2014)



Design Education and the Reflective Practicum: Schön



claims that the inability of



positivist science to deal with the indeterminacies of real-life creates a dilemma of “rigour or

relevance.” (1983, p.49) This dilemma can be dissolved through the epistemology of practice

implicit in “the artistic, intuitive process that some practitioners do bring to situations of

uncertainty, instability, uniqueness and value conflict.” Within this epistemology “applied science

and research-based technique occupy a critically important though limited territory.” At its core
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is “artistry,” described by Schön as “an exercise of intelligence, a kind of knowing, though

different in crucial respects from our standard model of professional knowledge. It is rigorous in

its own terms; and we can learn a great deal about it by carefully studying the performance of

unusually competent performers.” (1987, p.13)

Schön uses the concept of “on-the-spot experiment” to illustrate how the artistry of design,

through self-reflection, meets internal rules of rigour and consistency: in situations when it is not

possible to keep all contextual variables under control, the practitioner resorts to (on-the-spot)

experimentation, in which, e.g., a building, is progressively shaped until he is satisfied or likes

what he gets. As long as “he strives to make the situation conform to his view of it while (remaining)

open to evidence of his failure to do so,” the on-the spot-experiment is characterised by its own

“distinctive norms for rigour.” (Schön 1987, pp.68-79); (1983, pp.141-62)

Drawing from Dewey and Rogers, he argues that formal teaching is a futile exercise. He

proposes, instead, education in a Reflective Practicum, modelled on the Architectural studio and

coordinated by Reflective Coaches. Learning within the Practicum would happen through

experiential “learning-by-doing.” (1987, pp.16-7;89-95) The Practicum’s disposition to “educate

the students for artistry in practice” would counter the current Schools’ tendency “to train them

as technicians.”(Schön 1987, p.315)

Schön calls for Universities to incorporate reflective thinking as the core of an allencompassing Design Education (1987, pp.80-99), aimed at producing practitioners able to deal

with the process of Design, defined as “converting existing situations into preferred ones.”(1983,

pp.46,77) If adopted, Design Education would take explicit advantage of the extensive creative

commonality between the arts and the hard sciences, currently subdued because of the

authoritarianism of TR which “squeezes artistry out” of the current educational system, in what he

calls the “squeeze play.” (1987, pp.314,5)

Implementing Design Education would require that Universities introduced a layer of

Reflective Coaches whose status should be assured through salary, tenure and promotions, and

whose legitimacy should be based solely “on the artistry of his coaching practice,” rather than “on

his scholarly attainments or proficiency as a lecturer.” (1987, p.311)

Despite its popularity, the fundamentals of Schön’s Reflective scheme are not without

critics, often amongst its supporters: the works by Grimmett (1989), Munby and Russell (1989),

Gilroy (1993), Eraut (1995), Newman (1999) and Friedman (2002) are notable efforts aimed at
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either putting order on their wide variety of interpretations or at solving some of the scheme’s

inherent contradictions. These criticisms are considered in the Discussion.



In what follows the fundamentals of the Reflective scheme and its ensuing Design

Education, as applied to Engineering, are discussed adopting an objectivist, science-realist point

of view.1 To maintain consistency, two works by the British physicist John Desmond Bernal (1967,

1971), “The Social Function of Science” and “Science in History,” arguably amongst the most

comprehensive and influential studies available on the relationship between science and

civilisation, were adopted for the task as main references, complemented by two similarly oriented

and equally comprehensive works by the British historian Eric Hobsbawm (1995a, 1995b), “The

age of capital” and “The age of extremes.” Further references, consistent with the above point of

view, are cited as needed.



Discussion

The issues to consider are broadly sorted out as:





Dichotomies in Current Engineering







Dealing with Uncertainty







Factual Base







Design Education and the Reflective Practicum







Documented Achievements







Reflection-in-Action as a Rigorous Means of Communication







Radical-but-Soft Duality







Philosophical Fundamentals







Hard Science and Literary Culture



Drawing from Nola (1998), this point of view implies, that “science makes discoveries about a human

independent world.”

1
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Dichotomies in Current Engineering

Not all of Schön’s followers agree with him: Grimmett (1989) characterised the claim of

sharp dichotomies as “sometimes unrealistic,” and reduced the assertion to a distractive

“rhetorical device.” Eraut (1995) expressed very similar concerns.

Against Schön’s claim, Bernal’s historical account shows that never in the history of

humanity have scientific knowledge and practical applications have been so closely interrelated,

challenging each other with questions and providing each other with solutions, than since the start

of the Industrial Revolution in the late 1700’s. (Bernal 1967, pp.17-32) As a symbolic example of

this fruitful interaction, Bernal mentions the introduction of automatic textile machinery, on itself

the product of uneducated craftsman, powered by the steam-engine, which to a large extent was

the product of science. Once the Industrial Revolution was underway, science became an

indispensable necessity, both “in measuring and standardising industry” as much as in making

the industrial processes increasingly efficient, hence economically more feasible. In Bernal’s

words: “the professions of the modern engineer are very largely directly due to scientific progress.

The very names of the different kinds of engineers there are today, electrical engineers, chemical

engineers… indicate they were all originally branches of science that have now become branches

of practice.” (Bernal 1971, pp.41,2) Hobsbawm makes a similar point when he remarks that the

overwhelming development of technology by the mid 1800’s led to the establishment of many new

branches of industry that relied on the latest advances in scientific knowledge, in particular those

related to chemistry and electricity. (Hobsbawm 1995a, p.42)

These historical conclusions are naturally extended to current times: new branches of

Engineering keep stemming out as practical applications of new science on a large scale, driven

by social or economic needs, hence the strong demand for graduates. As obvious examples,

Quantum Mechanics led to solid-state electronics and computers, and Electronic and Software

Engineering followed, Nuclear Science led to Nuclear Power and Nuclear Engineering, Artificial

Intelligence led to industrial automation and Mechatronics and Robotics Engineering, and the same

can be said about Aerospace, Materials, Environmental Engineering, etc. For a detailed discussion

of the close interrelation between science and engineering see Bernal (1971, pp.590-8,804-23).

Bernal also provides a most illustrative example of praxis and knowledge being effectively

divorced: “Science under the Greek philosophers was characterised by a fatal division between

9
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